


Compiled by 
John T. Ratzlaff 

TE~K"NY 
MILLBRAE, CALIFORNIA 

1984 



Published by 

TESLA BOOK COMPANY 
1580 Magnolia Avenue 

Millbrae, California 94030 

Librari of Congress Catalog Card Number 
83-72252 

ISBN 
0-914119-00-1 

Copyright @ 1984 
by 

John T. Ratzlaff 

All rights reserved. 



Acknowledgements 

Introduction 

The Tesla Alternate Current Motor 

. CONTENTS 

Mr. Tesla on Alternate Current Motors 

The Losses Due to Hysteresis in Transformers 
Swinburne's "Hedgehog" Transformer 
Tesla's New Alternating Motors 
Experiments With Alternating Currents of High Frequency 
Alternate Current Motors 
Electro-motors 
Phenomena of Currents of High Frequency 
The "Drehstrom" Patent 

Page 

vii 

ix 

4 

7 

9 

10 

13 

15 

16 

17 

19 

The Ewing High-Frequency Alternator and Parson's Steam Engine 20 
On the Dissipation of the Electrical Energy of the Hertz Resonator 22 
The Physiological and Other Effects of High Frequency Currents 24 
From Ni(c)ola Tesla - He Writes About His Experiments in Electrical Healing 25 
Tesla's Latest Results 
On Apparatus for Cathography 
Mr. Tesla on Thermo Electricity 
The Age of Electricity 
Tesla's Latest Advances in Vacuum Tube Lighting 
Tesla on Animal Training by Electricity 
My Submarine Destroyer 
Letter to Editor 
Tesla Describes His Efforts in Various Fields of Work 
Some Experiments in Tesla's Laboratory With Currents of High Potential 
and High Frequency 
Tesla's New Discovery 
Tesla's Wireless Light 
Talking With Planets 
Tesla Thinks Wind Power Should be Used More Now (Part of a series of 
articles by noted scientists) 
A Striking Tesla Manifesto 
Letter From Tesla (Refers to subway system) 
Electric Autos 

iii 

26 

29 

31 

31 

36 

39 

40 

43 

43 

46 

57 

59 

61 

66 

72 

74 

76 



Page 
The Transmission of Electrical Energy Without Wires As a Means for 78 
Furthering Peace 

Tesla on Subway Dangers 87 

Tesla's Reply to Edison 88 
Tesla On The Peary North Pole Expedition 90 
Signalling to Mars - A Problem of Electrical Engineering 92 
Tuned Lightning 94 
Tesla's Wireless Torpedo 96 
Wireless on Railroads 96 
Ni(c)ola Tesla Objects 97 
Tesla's Tidal Wave to Make War Impossible 98 
Mr. Tesla on the Wireless Transmission of Power 102 
Can Bridge Gap to Mars 103 
Sleep From Electricity 105 
Possibilities of "Wireless" 106 
Tesla on Wireless 107 
My Apparatus, Says Tesla 108 
The Future of the Wireless Art 108 
Nikola Tesla's Forecast for 1908 111 
Mr. Tesla's Vision 112 
Little Aeroplane Progress 113 
Tesla on Aeroplanes 114 
How to Signal Mars 115 
What Science May Achieve This Year - New Mechancial Principle for 119 
the Conservation of Energy 
Mr. Tesla on the Future 121 
The Disturbing Influence of Solar Radiation on the Wireless Transmission 121 
of Energy 

Nikola Tesla Plans to Keep "Wireless Thumb" on Ships at Sea 126 
From Nikola Tesla (Tribute to George Westinghouse) 127 
Tesla and Marconi 128 
Correction by Mr. Tesla 131 
Patent Wrapper, Patent 1 ,329,559, Valvular Conduit 132 
Wonders of the Future 161 
Nikola Tesla Tells of Country's War Problems 165 
Minutes of the Edison Medal Meeting, May 18, 1917, with Nikola Tesla's 167 
Acceptance Speech on Receiving the Edison Medal 
A Lighting Machine on Novel Principles 190 
Famous Scientific Illusions 192 

iv 



Page 
78 

87 

88 
90 

92 

94 

96 

96 

97 
98 

102 
103 
105 

106 

107 
108 
108 
'111 

112 

113 
114 
115 

119 

121 

121 

126 

127 
128 

131 
132 

161 

165 
167 

190 

192 

Tesla Answers Mr. Manierre and Further Explains the Axial Rotation 
of the Moon 
The Moon's Rotation 
The Moon's Rotation 

Nikola Tesla Tells How We May Fly Eight Miles High at 1,000 Miles an Hour 
Can Radio Ignite Baloons? 
Signals to Mars Based on Hope of Life on Planet 
Interplanetary Communication 

Nikola Tesla on Electric Transmission 
Nikola Tesla Tells of New Radio Theories 
Mr. Tesla Speaks Out 
Letter to Editor (On Marconi •s feat) 

On Future Motive Power 

Dr. Tesla Writes of Various Phases of His Discovery 
Statement of Tesla Relating to Force and Matter 
Chewing Gum More Fatal Than Rum, Says Tesla 

Pioneer Radio Engineer Gives Views on Power 

Mr. Tesla Writes (Refers to J. P. Morgan) 
Breaking up Tornadoes 
Possibilities of Electrostatic Generators 

Nikola Tesla Writes (Additional comments on electrostatic generators) 

Tesla Sees Evidence Radio and Light Are Sound 
Radio Power Will Revolutionize the World 
Tribute to King Alexander 
German Cosmic Ray Theory Questioned 

Nikola Tesla Tells How He Would Defend Ethiopia Against Italian Invasion 
Prepared Statement of Tesla (For interview with press on 8lst 
birthday observance) 
Sending of Messages to Planets Predicted by Dr. Tesla on Birthday 
Dr. Tesla Honors 
Text of Tesla Speech for the Institute of Immigrant Welfare 

Reference to Compass in 13th Century Poem 

The Soviet Sacrifice of Spain 
Story of Youth Told by Age 
Mechanical Therapy 

The New Tesla Electric Heater 

Tesl2's New System of Fluid Propulsion 

v 

Page 

200 

202 
204 
209 

214 
219 
222 

224 

225 
227 
229 

230 

237 
238 

239 

240 

243 

244 
250 
250 

258 
261 

267 
268 

269 

272 

276 
279 

280 

281 

282 
283 
286 

288 

289 



ACKNOWLEDGEMENTS 

Burlingame Public Library, Burlingame, Calif. 

California State Library, Sacramento, Calif. 

Columbia University, Rare Book and Manuscript Library, New York City 

Mechanics Institute Library, San Francisco, Calif. 

San Mateo County Library, Belmont, Calif. 

Smithsonian Institution, Oiv. of Electricity & Nuclear Energy, Washington, D. C. 

Stanford University Libraries, Stanford, Calif. 

A. L. Lez, San Anselmo, Calif. 

Thorn L. Mayes, Saratoga, Calif. 

Mildred Ratzlaff, Millbrae, Calif. 

Electrical World Magazine 

Scienoe News Magazine 

Scientific American Magazine 

vii 



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 list 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 
weight 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 fi€ld was well recognized 
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 alternating current motor and generator patents. 
The crash of 1901 was the most devastating 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 in 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 Electrical 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 into 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 ami 

rt· 
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 (1) 
·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 to 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 definite number of reversals of the dynamo, there are a number of speeds, mul
tiples 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
tion of the motor, the output wil·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 maximum 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 current 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 alternating currents it is useless to attempt 
to calculate from the simple 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. 
11 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 hitn 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. 

11 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. 

11 If a laminated ring 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 

N 

cb 
e<bB 

Fw.l. Pw. 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 this 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 in 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 ... 

EleatricaZ 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 journals 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 in 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 Prof~ 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 for the article, seemingly inspired 
by them, which appeared in the London Electrical Review of April 26, wherein certain 

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

As to the results presented, they not only do not show anything extraordinary, 
but are, in fact, considerably below some figures obtained with my motors a long 
time ago. The main stress being laid upon the proposition between the apparent and 
real energy supplied, or perhaps more directly, upon the ratio of the energy appar
ently supplied to, and the real energy developed by, the motor, I will here submit, 
with your permission, to your readers, the results respectively arrived at by these 
gentlemen and myself. 

Ratio 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 & 
co•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 practical 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 desirable. For in
stance, in the case of this motor the smallest amount of apparent energy was about 
3,000 watts, which is certainly not very much for a machine capable of developing 
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 maintaining an 
absolutely constant speed no matter how the load may vary. This feature may be il
lustrated best by the following 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 full load, not having been thrown out of synchronism. The 
experiment could be repeated any number of times. In some cases, the driving 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 
armature 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 practi~ally 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 
capable 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" 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 which 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 EleetrieaZ 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: "It is this constancy of relation that, as Mr. 
Tesla pointed out*** may ultimately establish the 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 molecular energy without 
entailing an actual expenditure of energy." 

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: 

Up 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 explained 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 displacement 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 which 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 molecules swinging back and 
forth from their 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 quite 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; whereas, 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, since 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, must entail a loss in the proportion of the square. 

Certainly, to account for all the phenomena of hysteresis, effects of mechanical 
vibration, the 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 NlltOLA TESLA. 

Sol!E: time ago Mr. Swinburne advanced certain views 
on transformers which have elicited some comment. In 
TuE ELRQTRICAL ENGINEER of ~ept. 10. there ·are brought 
out further arguments on behalf of his open circuit, or, as 
he calls it, "hedgehog" transformer, claiming for this 
type a higher average efficiency than is attainable with the 
closed circuit forms. In regard to this, I say with Goethe, 
"Die Botschaft hor' ich wohl, allein mir fehlt der Glaub e ....... 
I bear the message, but I lack belief., 

Many of 1t1r. Swinburne's arguments are in my opinion 
erroneous. He says : "In calculating tho efficiencies of 
transformers, the loss in the· iron has generally been left 
com~letely out of· account, and the loss in copper alone 
con8ldered ; hence, the efficiencies of 97 and 98 per cent. 
claimed for closed iron circuit forms.~' This is a 8tatement 
little complimentary to ·those who have made suah esti. 
mates, and perhaps Mr. Swinburne would be very much 
embarassed to cite nameer 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 in most 
stations the average use of lamps is less than two hours a 
day, including all lamps installed," and arrives at some 
interesting figures iJl regard to efficiency. 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 fqrther 
improvements will be made in that direction. . 

As regards the second part of his assumption, I think 
that it is exaggerated. It must be remembered that in most 
central stations or large plants due care is taken that the 
load is favorauly distributed and in many cases 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 
transformers. · 

In his " hedgehog" form of transformer Mr. Swin- · 
burne reduces the iron considerably and comes to the 
conclusion that even in small transformers the iron loss 
is under one per cent. of the full load, while in the 
closed circuit forms, it is, according to him, 10 per cent. It 
would strengthen this argument if the iron would be 
dispensed with altogether .. '!t1r. Swinburne does not appl'C .. 
ciate fully the disadvantages which the open circuit form, 

· operated at the 'ttsual period, entails. In order that the lost:! 
in the iron should be reduced to one-tenth, it is necessary 
to reduce the weight of the iron core to one~tenth and sub· 
ject every unit length of the same to the same magneto. 
motive force. If a higher magneto-motive force is used tho 
loss in the core will-within certain limits, at least
he proportionate to_ tho square. of the magneto-motive 
foroe. '!'he remark of J\1r. Swinburne, H lf the iron 
circuit is opened, the sides of tho embracing core can be 
removed, so the loss by hysteresis is divided by three," ir:~ 

]i,, 
therefore not true; the loss will be divided by 3 x .Jt12 where 

l 

~ > F. If the iron of the open circuit form is made up 
in a· closed ring the advantage will be at once apparent, 
for, since 'the magnetic resistance will bo much reduced, 
the magneto-motive force required will be eorrespondmgly 
~maller. lt irs probable thaL, say, fonr Swinburne trans-

, formers may be joined in auch a way as to form a ~losed 
t 

I 
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magnetic circuit. In this case the amount of iron and cop· 
per would remain the same, but an advant.a9e will he 
.trained ;1s the total magnetic resistance will be dtminish~rl. 
The four transformers will now demand less excitation atHl 
since--,.pnder otherwise equal co:p.ditions-the gain dcpendt~ 
on the square of the existing current, it is by no means 
insignificant, From the above comparison it is evident 
that the core of such open circuit transformer tahonld be 
very short, by far shorter than it appears from the cut in 
Tuz ELECTIUCAL ENG;INEER. 

Mr. Swinburne is in error as to the motivet:l which have 
caused the tendency to shorten the magnetic <}ircnit in closed 
circuit transformers. It was principally on account of 
practical considerations and not to reduce the magnetic re
sistance, which has little to do with efficienpy. If r\ ring be 
made of, say, 10 centimetres :mean length and 10 square 
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 alterna
tions. If, now, a ring is made of the !!lame quality of iron 
but having, say, 20 centimetres mean length and 10 square 
centimetres section it will give again the hest.resnlt with 
the same number of alternation$, and the efficiency will be 
the same as before, provided that the ring iM wound all ovr-r 
with the primary and secondary wires. 'rhe spa-ce inRidl! 
of the ring will, in the sec?nd case, be inoreaa~d m pro}~O:· 
tion to the square of the dtameter~ and there wdl be no fhffi· 
culty in· winding on it all the wire required. So the length 
may be indefinitely increased and a transformer of any 
capacity made, as long as the ring is completely covered 
by the primary and secondary wires. · 

If the 'vires be wound side by side the ring of SJ!lallcr 
diameter will give a better result, and the same w1ll he 
the case if a certain fraction of th~ ring is not .covered by 
the wires. It then becomes important to shorten the mag· 
netic circuit. But~ since in practice it ia neces1mry to 
enclose the tramiformer in ~casting, if such a ring lr>o made, 
it would have to be protected with a layer of laminatctl 
iron, which would increase the cost and loss, It may ~)O 
inclosed in jars of some insulating material, :uJ 1\Ir. Swm· 
burne does, but this is less practicable. . 

Owing to this, the constructors of the most practical 
forms, such, for instance, as the W etttinghouse transformer, 
to which the Swinburne r,eaaoning applit.•s, have be~n 
prompted to enclose tho wires as much as possible with tho 
laminated iron, and then it became ir:p.portant to shorten 
the magnetic circuit, because in this form only a part of 
tho magnetic circuit is surrounded by the wires, as well as 
for other practical considerations. 

In practice it is desirable to get along with the least 
length of copper conductor on account of chct\pnes~:~ and 
regulation. ltfr. S\vinburne states that in his transformer 
the loss in iron is \mder one per cent. of the full load ; all 
the balance of loss must, therefore, be in tho copper. Bt!t 
since, according to him, the wires are of larger section, ht~ 
transformer can hardly be an improvement in that direction, 
Tho gun-metal casting is also objectionable. There is n_o 
doubt some loRs going on in the same, and hesldes 1t 

increases the resistance of the wires by a factor .. 0-V s, 
where sis the total cross-section of the core and sl the 
section of the ~ron 'vires. 'rhere is one important point 
which seems to have escaped 1\Ir. Swinburne's attention. 
'Vhether tho open circuit transformer is an improvement, or 
not, will depend principally on the period. The experience 

·of most electrical engineers has resulted in the adoption of 
1 he closed circuit transformer. I believe that I waR the 
first to advocate an open circuit form, but to improve 
its efficiency I had to use a much higher period ; at u~ual 
periods the closed circuit form is preferable. 

Mr. Swinburne makeR some other obscure Rtn.tcmcnt,.l\ 
upon which I nt>cd 11ot dwell, as they have uo bcat·iug r,;: 
the main questivn. 
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CORRESPONDENCE. 

PITTSBURGH. 

An Ele4'trlc Proeeas ~or ~akl_nc ·~Wrought" Iron-Regnlattnc the 
Wire•· · 

A ·P.RQGES$.of .making W'i-ought iron from pig metal .without 
puddling is'(>ne:-9f· the'.discoveries made by. Dr. Emmens, of 
Greensburg,·'nenl'this."city., The doctor accomplishes his object. 
with tbe aid of electricity. He takes a vat which is fiJled with a 
('hemical solution and a number of thin sheet iron plates. Then, 
the pig iron is also placed in. the vat, after which the pig iron 
and the sheet iron are connected with a dynamo. The· current 
generated by th'e dynamo is said to haV'e the effect of causing tho 
pure iron to be separated· from the impurities in. the pig iron and 
form a deposit on the sheet ir~:m plates. · 

The quality -.of this wrought· iron is stated to be superior to 
that of the best Swedish metal. It can be bent, rolled or twisted 
into ·any shape, while cold.- Dr. Emmens says that he can take a 
hors~ shoe nail of this iron, fast.en the head in a V'ice 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 !lpon by councils within the next few 
days. All the electric wires must be placed at least twenty feet 
above the side walks, and where there are street rail way 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, conduits and subways shall be placed at least two 
feet under the ground and as near the itreet curb as practicable. 

PtTTSJit,7aGJI, Sep41.. li, 1800. 

ST. LOUIS. .. 
Electric ltaflway News.-ReslJrllatlont and Appolntmeots.-Tne Tur

ner Unlcyele lload. 

DURING the summer months the work of changing the motive 
power on the Lindell Railway has progressed steadily, but with 
some delay at times on account of scarcity of material of all 
kinds. The policy of the company is to construct a first-class elec
tric railway regardless of cost and time. The new power house is 
finished and the inachinery is being placed in position. Six 
boilers are' set and ready for steam. Eight dynamos are on hand 
and being set up, and the first of the four 400 h. p. Armington & 
Sims engines is expected to arrive about the 20th. 

The Vandeventer A venue Street Rail way will be operated as a 
part of the Lindell Railway. · The construction of this road is 
being pushed to. completion with the same thoroughness as the 
main line of the' Lindell, the intention being to have it in opera-· 
tion by October 1 so as.to accommodate visitors to the St. Louis 
Agricultural Fair. The Vandeventer avenue line will extend from 
Chouteau avenue to tho fair grounds, and will thus form a direct 
line from'Union Depot to the fair grounds. The ·acquisition of 
the Vandeventer line gives the Lindell Railway Company.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 bas accepted the posi
tion of engineer of the Lindell Railway Company, and will have 
complete charge of everythinfi: pertaining to mechanical and elec-
trical engineering. . 

The St. Louis Unicycle Railway Company has been incorpo
rated under the laws of the State of Missouri, with a capital stock 
of $20Q,OOO, 'with the following officers: President, L. A. Drown; 
vice·presidents, John H. French and J. W. Tremayne; treasurer, 
Vl. A. Adams; secretary, Chas. H. Wengler; directors, Chas. H. 
Gleason, Chas.· H. Blake arid David Strawbridge.: The Unicycle 
railway is the invention of E. M. Turner, of Texas, and is an ele
vated electric rail way having only one rail. A motor car pro
pelled by a one h. p. · Sprague Qlectric motor iii now in operation 
at the exposition. , . 

Tb~ McKee street railway syndicate have close-d a contract 
with the· Short Electric Railway Company for 1,000 motors. This 
syndicate l1as been formed lately for the purpose of purchasing, 
constructing and operating electric railways, and this order is 
given so as to have the motors ready for use as fast as they may 
be required. .. · . 

Mr. C. L.'Aobott has resigned his position as superintendent of 
the ShorfEfectric Railway, on the south end of the St. Louis rail
road, and has accepted the position of superintendent of the Glen
wood and Greenlawn Street Railway, Sprague system, Columbus, 
0., and will leave shortly for his new field of labor. , 

·The Board of Public Improvements have appointed Andrew J. 
O'Reilly 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 general dissatisfaction 
-whit>h ntlA ATiA.t,:>rl Ain,..,. 1\fr. Mnt.l!u~'k'A R.nnoint.mPnt. OVP.r n. VA.R.r 

LETTERS TO THE EDITOR. 

Notice to Corre11pondent.. 

Wt9 do Mt hold ouraelvea re.~ponsib!efor the opinion~ of our corrupondm.U • 
.Anonvmous commun!cationa cannot be noticed. 
The Editor respecfJ'ully request~ that all communication~ mav be d7'awn up <&8 bri<ftv 

an(l as much to the point as possible. 
In orde7' to facilitate rifermce, correspondmu, token rifer7'Lng to any lett~ pre vi.· 

ouslv in.se7'ted will oblige by tnmtioning the aerlal numbe7' of auch letter, antl nJ 
. the page on whtch it appellrG. 
SlcetclLU.and dmwings for tUuGtration.s ahmdd be on uparaU ptecu qf paper. 
AU communications afl.ould bt! addressecl .EDITOR or 'fm: Er.ECTRIOAL l!:NOINII:II:n, 

150 Broadway, New York citv. 

TESLA'S NEW ALTERNATING MOTORS. 

[139.1-I hope you wm allow me the privilege to say in the col· 
umns of your esteemed journal a few words in regard to an artido 
which appeared in Industries of August 22, to which my attention 
has been called. In this article an attempt is made to criticise 
some of my inventions, notably those which you have described 
in your issue of August 6, 1890. 

The writer begins by stating: "The motor depends on a shift
. ing of the poles under certain conditions, a principle which has 

. been already 1 employed by Mr. A. \Vright in his alternating cur
rent meter." This is no surprise to me. It would rather have 
surprised me to learn that Mr. \Vright has not yet employed the 
principle in his meter, consideriDg what, before its appearance, 
was known of my work on motors, and more particularly of that 
of Schallenberger on meters. It hn~ cost me years of thought to 
arrive at certain results, by many believed to be unattainable, for 
which there are now numerous claimants~ and the number-of these 
is 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 thi13, and sim· 
ilar theories, that I harl almost forgotten it. He then eays: "Mr. 
Te.c:;la 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 phenomena, and has got hold of the 
old fallacy of screening." This may be curious, but how much 
more curious it is to find that the writer in Industries has com
pletely misunderstood everything himself. I like nothing bdter 
than just criticism of my work, even if it be severe, but when tho 
critic assumes a certain "l'etat c'est moi" air of unquestioned 
cumpetency 1 want him to know what he is writing about. How 
little the writer in Industries seems to know about the matter is 
painfully apparent when he connects the phenomenon in \Vright's 
meter with the subject he has under consideration. l:Iis further 
remark, "He (Mr. 1'esla) winds his secondary of iron instead of 
copper and thinks the effect is produced magnetically," is illustra· 
tive of the care with which he has poru!!ed the descriptiOn of 
the·devices contained in the issue of TIIE ELECTRICAL ENGI~EE11 
above referred to. 

, I take a motor having, say eight poles, and wrap the exciting 
coils of four alternate cores with fine insulated iron wire. When 
the current is started in these coils it encounters the effect of the 
closed magnetic circuit and is retarded. The magnetic lines set 
up at the start close to the iron wire around the coils and no freo 
poles appear at first at the ends of the four cores. A8 tho current 
rises in the coils more lines are set up, which crowd more and 
more in the fino iron wire until finally the same becomes satu
rated, or nearly so, when the shielding action of the iron wire 
ceases and free poles appear at the ends of the four protected 
cores. The .effect of the iron \vire, as will be seen, is two-fold. 
First, it retards the energizing current; and second, it delays the 
appearance of the freo poles. To produce a still greater difference 
of phase in the magnetization' of the protected and unprotected 
cores, I connect the iron wire surrounding the coils of the former 
in series with the coils of the latter, in which case, of course, tho 
iron wire is preferably wound or connected differentially, after 
the fashion of the resistance coils in a bridge, so as to have no ap· 
preciable self-induction. In other cases I obtain the desired re· 
tardation in the appearanco 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 of the linos sol 
up, but becomes saturated when the current in the exciting coils 
reaches a predetermined strength. 

In the tr3.Ilsformer .the same principle of shielding is utilized, 
A primary conductor is surrounded with a fine layer of laminated 
iron, consisting of fine iron wire or plates properly insulated and 
interrupted. As long as the current in "the rrimary conductor is 
so small that the iron enclosure can carry al the lines of force sci 
up by the current, there is very little action exerted upon a sec· 
ondary conductor placed in vicinity to the first ; but just as soon 
as the iron enclosure becomes saturated, or nearly so, it lose3 the 
virtue of protecting the secondary and the inducing action of the 
primary practically begins. What, may I ask, has all this to do 
with the ''old fallacy of screening?" 

'X7'ah nr. .. f-nin ,.h-ia,.+a in -.:r1anr-+h<> t>nnm,:>!'ntinn t'\f urhif"h 'IVnnlrl 
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lead me too far-an arrangement was shown in THE ELECTRICAL 
ENGINEER, about which 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 
outside 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 fe unthinkable:'.', This remindt\, me of the man who 
had committe~ ~me offense and engaged the services of an attor
ney. ''They cannot 'commit you to prison for that," said the 
attorney. · Finally the man was imprisoned. He sent for the at· 
torney. "Sir," said the latter, ''I tell you they cannot imprison 
you for that." · "But, sir," retorted the prisoner, "they hat•e · 
imprisoned me.~' It may not screen, in the opinion of the writer 
in Industries, but just the same it does. According to tho arrange
ment the principal effect of the screen may be either a retarJa
tion of the action of the primary current upon the secondary cir
cuit or a deformation of the secondary current wave with similar 
results for the· purposes intended. In the arrangemE.'nt referred 
to by the writer in Industries he seoems to be certain that the iron 
layer acts like a choking coil; there again he is mistalten; it does 
not act like a choking coil, for. then its capacity for maintaining 
constant current would be very limited. But 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 re
marks contained. in Industries. In regard to the magnetic time 
lag the writer say's: "If a bar of iron has a coil at one enrl, and 
if the core is perfectly laminated, on starting a current in the coil 
the induction all· along the· iron corresponds to the excitation at 
that instant, unless there is a microscopic time lag, of which there 
is no evidence.'' Yet a motor was described, tho very operation 
of which is dependent on the time lag of magnetization of tho 
different ·parts of a core. It is true the writer uses the term ''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 venture to say there is trouble in store for him.· From his 
remarks I see that the writer ·completely overlooks the import
ance of the size of the core and of the number of the alternations 
pointed out; he fails to see the stress laid on the saturation of tho 
screen, or shunt, in somo of the cases described; he does 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 the 
same, therefore, so far as its quality of screening is concerned, 
has no role to perform as a conductor. I also see that he would 
want considerable information about the time lag in the magnet
ization of the different parts of a core, and an explanation 
why, in the transformer he refers to, the screen is laminated 
in the . wrong 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. 

In conclusion, the writer shows his true colors by making the 
foll(\wing withering remarks: "It is ·questionable whether tho 
Tesla motor will ever be a succeEs. 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 thPre 

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

No man of broad views will feel certain of the success of any 
~nvention, however good and original, in this period of feverish 
activity, when every day may bring new and unforseen develop
ments. At the pace we aro progressing the permanence of all our 
aDparatus it its present forms becomes moro and more problem
athal. It is impossible 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 having commutator and 
brushes will be looked upon as all antiquat£'d piece of mechanism. 
Just how much the last quoted remarks of the writer 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 pla.ces. A case 
frequently occurring in practice and attracting mor~ and more 
the attention of engineers is the transmission of largo powers at 
considerable distances. In such a case the power is very likely 
to be cheap, and the cardinal requirements are then the reduction 
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 cent. in the leads, at full load, be allowed. 
If a direct current motor be used, there will be, besides otl~er dif
ficulties, considerable variation in the speed of the motor-even 
if the current is supplied from ·a series dynamo-so much 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 lights or other devices at con
stant potential. It is true that the condition may be bettered by 
employing proper regulating devices, but these will only further 
complicate the already complex system, and in all probability 
fail to secure such perfection ·as will be desired. In using an 
ordinalj single-:circuit alternate current motor the disadvantage 
is that the motor has no starting t;orque and that, for eq U:al weight, 
its output and efficiency are more or less below that 

of a direct current motor. If, on tho contrary, the arma
ture of any alternator or direct current machine-large, low
speed, two-pole machinE's will give the best results-is wound 
with two circuits, a motor is atonceobtained which possesses sur. 
ficient torque to start under considerable load; it runs in absolute 
synchronism with the generator-an advantage much desired and 
hardly ever to be attained with regulating devices; it takes cur
rent in proportion to tho load, and its plant efficien((y . within a 
few per cent. is equal to that of a direct current motor of the 
same size. It will be able, however, to perform more work than 
a direct current motor of the same size, first, because there will be no 
change of speed, even if the load be doubled or tripled, within 
t4e limits of 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 eliminated (rom 
the system. Such a syst;(>m will, of course, require three lends, 
but since the plant efficiency is practically equal to that of the 
direct current system, i.t will require the same amount of copper 
which would be required in ·the latter system, and the di::mdvan
tage of the third lead will be comparatively small, if any. for 
three lea-ds of smaller size may perhaps be more convenient to 
place than two larger leads. When more machines have to be 
U!j!ed thero may be no disadvantage whate\"er connected with the 
thircl wire; however, since the simplicity of the generators and 
motors allows the use of higher electromoth·e forces, the cost of 
the leads may be reduced below the figure practicable with the 
direct current system. 

Considering all the practical advantages otfered by such an al
ternating system, I am of an opinion quite contrary to that of the 
author of the article in Indust1·ies, and think that it can ttuite 
successfully stand the competition of any direct current s~·stem, 
and this the more, tho larger the maehines built and the 
greater the distances. 

Another case frequently occurring in practice is the transmis
sion of small powers in numerous isolated places, such as mines, 
etc. In many of these cases simplicity and reliability of tho 
apparatus are the principal objects. I belif've that in many 
places of this kind my motor has so far proved a perfE!ct success. 
In such cases a type of motor is used possessing b'Teat starting 
torque, requiring for its operation only alternating current arHl 
having no sliding contacts whatever on the armature, thi~ :Hlvan
tnge over other types of motors being highly valued in 1mch 
places. The plant efficiency of this form of motor is, in the pn•seu t 
state of perfection, inferior to that of the former form, but I aru 
confident that improvements will be made in that direction. Be
sides, plant efficiency is in these cases of secondary importance, 
and in cases of transmission at considerable distances, it i~ no 
drawback, since the electromotive force may be raised as hig-h as 
practicable on converters. I can not lay enough stress on this ad
vantageous feature of my motors, and should think that 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 t.lle 
fittest a11paratus will be employed. I believe that in the trans
mission of power with such commutatorless machines, 10,000 ~olts, 
and even more, may be used, and I 'woulU 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 advancement 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, and I see no reason why the thre&-wire motor system 
should not be successful. ·In putting up such a station, tho third 
wire would be but a very slight drawback, and the system 
possesses enough advantages to over-balance this and any other 
disadvantage. But this question will be settled in the futun•, for 
as yet comparatively little has been done in that direction, even 
with the direct current system. The plant efficiency of such a 
three-wire system \Vould be increased by using, in c.onnection with 
the ordinary type of my motor, other types which act more like 
inert resistances. The plant efficiency of the whole system would, 
in all cases, be greater than that of each individual motor-if like 
motors are used-·owing to the fact that they would possess differ-
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 comparatively small powers, 
for obvious reasons . .As the present systems aro built on thEI 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 been 
devised by me and are being constantly perfected. On li.ghting 

·stations, however, my three-wire system may be advantag-eously 
carried out. A third wire may be run for motorfl and the old con
nections left undisturbed. The armatures of the generator:i may, 
be re,vmmd, whereby the output of the machines will be increasf'd · 
about 3!) per cent., or even more in machines with caf->t iron tield 
magnets. If'lithe machines are worked at the same capacity, this 
means an increased efficiency. If power is available at the station, 
the gain in curr~!lt may be used in motor~. Tho~a w!lO object to 
the third wire, may remember that the old two-w1re d1rect system 
is almost entirely superseded by the thr~e-wire system, yet my 
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three--wire system otTers to· tho alternating system relatively 
J;reater advantag-es, than the three-wiro direct possesses over the 
two-wire. Perhaps, if the writer in Industries would have taken 
all this in consideration, he would have boon less hasty in: his 
conclusions. NIKOLA TESLA. 

N~:w You, Sept. 17. 1800. 

REPORTS OF COMPANIES. 

WESTINGHOUSE AND PULL¥AN INTERESTS. 

With regard to various reports current on the subject, it now 
transpires that arrang-enwnts have been made between George 
Wt.•stinghouse, Jr., of Pittsburgh,· and George M. Pullman, of 
Chicago, by which the Westinghouse Electric Mfg. Company will 
erect works conveniently clo-;e to the Pullman Palace Car Works, 
at Pullman, Ill., and the agreement reached, it is understood, is 
that the Pullman company will purchase all of their electric 
mil way motors from the \Vt>stinghonso concern. The works to be 
erected are to cost between $,100,000 and $500,000, and Mr. West
inghouse says 2000 men will be employed at the new shops. 
\Vork on the structures will probably uegin next spring. That the 
immense works of Pullman's Palace Car Company and the big 
plant of the Westinghouse Company, at PittsbUI·gh, are to be 
('Onsolidated both Messrs. Pullman and \Vestinghouse deny. Mr. 
'Vestinghouse further says that the erection of works at Pullman. 
tloes nQt mean that the Pittsburgh uusiness Of the company iq .to 
be removed to Chicago. It will be merely an extension of. their 
husineE:s. The works at Newark, N. J., Pittsuurgh, New York 
City, etc., will also 'Ue continued as before. 

DIVIDENDS. 

TilE EDISON GENEHAL ELECTRIC Co. has declared its fourth 
quarterly dividend of 2 per cent. 

STOCKS AND BONDS. 

RoYAL ELECTRIC Co.-Application will be made to the Legis
lature of the Province of Quebee to change the value of the 
~hnre~J of the Royal Electric Co. from ten to one hundred dollars 
each. 

FINANCIAL MARKET. 

QUOTATIONS ON ELECTRICAL STOCKS. 

'Mr. F. Z. :Maguire, Electrical Securitie~ of 18 Wall street this 
city, reports the following quotations of September 19th from 
New York, Boston and \Vasbington :-

NEW YORK. 
-------·---.....,..-----

W. U. Tel. Co ....•......... 
A ruct·icnn Tel e. & Cable ..• 
Cent I.&. l:io. A.m~r .••• _ .... 
.llll•xicnn. .. . • . . . . . • .. ..• 
Com, Callie Co ......... .. 
l'01:1tal Td. Cable .•.•...... 

Tbomson-Houston •.••.•••• 
" Pref'd .... 
'• Serick Lt •••• 

.. lJ .... ' 
Int. Co ..• ,. 

Thorn,.:on Welding Co ....•. 
Tbom.son Eu. W clding ... :. 

}'('una. Telephone ....••.• , 
l'hes. & l'ot. Telephone ....• 
Anwr GraJ>hopbone •.•.•.. 

Edison Gen. Elec. Co ..... 
~disou Gen. Co. Def'd •.... 
l'•m~o. 'u I<:lec. Lt. Co ..•. 
J.:di;;ou Illn'g Co. N.Y ... . 
U. 8. Elec. Lt. Co ........ . 
:\ot·th Atn. Phonograph .. . 

BOSTON. 

Ill D. 

51l 
25l 
1:.! 
6 

7ll 

Ft. \Vayne Co ..••••......•• 
Atn. Dell .•.••.•.•••..••...• 
Er1e ..•..•....•....••..•... 
New England ••••••.•.•... 
illexicnu .....•..••••••.••••• 

I 
Trop. AJnct·ican .•..•...•.. 
Edison l'lton'gph Doll ..... 

WASHINGTON. 

BID. 

25 
71 
16} 

U.S. Elec. Lt. (Wash) ..... 
Eck. & Sold. Home 

Elcc. Hy .•..••.....•.•••• 

PITTSBURGH. 

W estlnghouse Electric "nd M4nqractqring Co ••• ,, ... _ ••.•.•• , ••• , 

DID. 

::!9 
00 

DID. 

111 
2'.!.">i 
48! 
51l 

.00 eta 

2. 

BID. 

170 

68 

BW. 

37t 

LEGAL NOTES. 

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

The Brush Electric Co. has brought an action in the U. S. cir
cuit court against the Sprague Electric Railway and Motor Co. of 
New York, to restrain them from selling or using a. tertain dyna
mo electric machine on the ground of infringement. Tho com
plainants set forth in th~ir bill that C. F. Brush was the original 
and first inventor of a new and useful"improvement in dynamo 
electric machines, which was secured by letters ·patent. About 
Jan. 1, 1887, 1\Ir. Brush assigned all his right, title and interest in 
said machines to complainants in this. action, such assignment 
being duly recorded in the U.S. patent office; 

The suit in question is based on the ·patent issued to Charles F. 
Brush, No. 2GO,G52, dated July 4th, 1882, eri.titled Dynamo· 
Electric Machine .. The claims cover the application of a copper 
sleeve surrounding the field magnets of a dynamo-electric 
machine, whereby the insulation of the ·magnets is preserved 
from· tho hif?h potential of self-induction created by fluctuations 
in the excitmg current. The device is no longt>r used on the 
stt·eet car motors of the defendants, who:now cluim that its em
ployment makes the magnets sluggish and causes burning out of 
the armature by retarding the generation of counter-electromotive 
force in it. 

A PRIZE .SCHEME OF LIGHTING. 

Mr. F. II. Whipple has been awarded a prize of $100 at Daven
port, Ia., for the best plan of lighting thae·city. Mr. \~hippie, 
with native modesty, writes us from St. Louis that there was 
nothing special about the pla_ns. O~ing to the many hills and 
hollows in the town, it was difficult to light it economically. 
'' There was nothing technical about it ; but it 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 the New York offices of the Western Union 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 300 cir
cuits were restored. The ease with which this work was carried 
out at New York recalls to our mind, says 'La" Lumiere Electrique, 
a very instructive historic incident which occurrerl during tho 
Commune. When the Repuulican Government quitted Paris, the 
operators at the central office in the Rue Gronelle managed to 
mix up all the wires before leaving. The Communists were 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 possession of the building. namely, from 
the end of March to the end of May, they were only -able to use 
the military lines. .1\f. Fabre de Lagrange, who. was fqrced to 
accept the appointment of chief electrician to the Commune, 
took good care to keep the wires in confusion; and· among other 
services to the S~'tte, he sent misleading telegrams, anJ thus 
saved many public and private buildings ~hich the rebels wished 
to blow up by using an explosive mixtme of ajr and coal-gas. 
These facts were clearly autlHmticated by 'the court-martial which 
tried M. L.1.grange, and he was honorably aquitted. 

THE TROOVE ELECTRIC ERYGMATOSCOPE. 

At a· re~ent meeting of the Academic des Sciences, M. G . 
Trouve dt>scribed an electrical appliance devised by him to fa.cili-· 
tate the inspection of the geological strata pi~rced by the boring 
tool. The apparatus consists of a powerful mcandcscent lamp 
enclosed in a cylinder. One of the hemicylindrical surfaces of 
this cylinder constitutes the reflector; whilst the other, which is 
of thick glas3, allows the luminous rays to pa~: through it, and 
light up .. tho s1cccssive strata through which the lam!) descends, 
At the base of the instrument there is an elliptical mirror, while 
the top is open, so as to enable an observer_ placed at the head of 
the boring and armed with suitable glasses to see on the mirror 
the reflected image of the stratum illuminated by the lamp, which 
is arranged so that its upward rays are intercepted. The whole 
apparatus is suspended from a cable formed by the two conduct. 
ing wires. This cable is wound on a. drum, the trunnions 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 the instru
ment to be raised ana lowered with()ut difficulty a.nd without in
terrupting the observations. ·The erygmatoscope as at present 
arranged gives excellent results down to a depth of over 600 feet, 
and with a more powerful lamp it could be used at still greater 
depths. · An expedition which has. been sent out .. t<? tho l\Iozam· 
bique coast by the Portuguese government, to· search for coal 
beds and other Jlliner&l deposi~, has beeu BU}>pl~ .. with eryg· 
IJiatoscopes, . · 
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EXPERIKENTS :WlTli ALTlUU~iATING CURRENTS. 
OF HI.GH FREQUEN~Y. 

IN :T:H:& ELttCTRICAL ·ENGINE~R is~u~ of lith inst., I find 
& note· of Prof.' Elihu Thomson relaiing to some of my ex
periments: witb ~lternating eurrents of very high frequency. 

Pr(\f; Thomson calls the .attention of your readers to the 
interestin~ fact that. he bas P.erformed some experime~ts in 
the same lin.e. I was not qmte unprepared to hear tb1s, as 
a letter· 'from him bas appeared in the Electrician a few 
months ago, ~n-which he. mentions a small alternate current 
machine whiQh was capable -of giving, I believe, 5,000 al
ternations per second. from which letter it likewise appears 
that his inv.estig~tiQns on that subj~ct arc of a mare recent 
date. · 

Prof. Xhomson describes an .experiment with a bulb· en
closing a .cru:~o~ filament which was brought to incandes
cepce by tqe boq~bardment of ~he molecules of the residual 
gas wh ... n the .bulb was immersed in water. "rendered 
slightly conducting by salt dissolved therein," (?) and a 
potential of 1,000 volts alternating 5,000 time a second ap
plied to the carbon· strip. .Similar experiments have, of 
course, been performed by many experimenters, the. only 
distinctive feat.ure in Pr~f. Th~mson's experiment being 
the comparatively nigh _rate of alternation. These e.x::peri
ments can also be performed with a steady difference of 
potential between the water and the ~arbon strip in which 
casP., .of course, conduction through the .glass takes place, 
the difference of pot~ntial required being in proportion to 
the thit:kne~~ of. the ~lass.. With 5, 000 alternations per 
second, condu·cuon sttll takes place, but the condenser effect 
is preponderating. It goes, of course, without saying that 
the heating .of the glass in such .a case is principally due to 
the bombardment. of the .. molecules, partly also to leakage 
or ~onduct.ion~ but,it i~ a.~ undeniable fact that the glass 
may,.also be heated merely by the molecular displacement. 
'rhe mteresting feature in my experiments was that a lamp 
would light up when brought near to an induction coil, 
and that it could be held in the hand and the tilament 
brought tp !Jl~ndescence. 

Exper~m~Jlts of.tbe.kind described I have followed up 
for a long t~me with some practical objects in view. In 
connection with the experiment descr·ibed 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_imm.ersed_in water as far as practica
ble and the filament and the vessel connecte~ to the termi
nals of an induction coil pper.ated from a machine such as 
I have u'sed in my experiments, one may see the dull red 
filament surrounded by a very luminous 'globe around 
which there is a less luminous space. The effect is prob
ab~y d~e tp reflectiQn, as. the globe is sharply defined, but 
may .also be da.e to a "dark space;" at any rate it is so 
pretty that it. must be se~n to be appreciated. 

Prof, 'rhomson h~s misunderstood my statement about 
the limit o! audition. I was perfectly well aware of the 
fa.ct that opinions differ widely on this point. Nor was I 
surprised, to find that arcs of. ~bout 1 0,{)00 impulses per sec
ond,.e~jt a so~nd. My statement'' the curious point is," etc. 
was only made in deference to an opinion expressed by Sir 
Wi11iam Thomson. There was absolutely no stress laid on 
ibe precise number. The popular belief was that some
th41g. Jike lO,OtJO to 20,000 per second, Ot' 20,000 to .(0,000; 
at. the utmost wa~ the limit. .For· my argument this was 
immaterial. I contended that sounds of an incomparably 
greater num~er, that is, many times even the highest num. 
ber, could··be heard if they could be produced wJth suffi
cient.. power~· My· statement was only speculatiV;e, but I 
ha.Y.e de.vised mea.ns which I. think.. may allow me to .. learn 

something definite on that point. ·I have n~t th.a leas.t· 
doubt that it is simply a question of power. A very short 
arc may be silent with 10,000 per s~cond, 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 as the limit of 
"audition sounds from 5,000 tQ 10,000 complete waves per 
second." There is nothing in my statements from which 
the above could be infen-ed, but Prof. Thomson ba~ per
haps not thought that there are two sound vibrations for 
each complete current wave, the former- being independent 
of the dh-ection of the current. 

I am glad to learn that Prof. r~omson agrees with me as 
to t~e causes 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 bas been to produce a 

· practicable small arc. With these. curtents, for many 
t•eaaons, much smaller arcs are practicable. · 

The interpretation by Prof •. Thomson o"f rr·y statements 
about the arc system leads me now, he will pardon me for 
saying SO, tO believe that what is most essential to the ~UO· 
cess of. an arc system is a good management. N evcrthe
less I feel confident of the correctness of the views ex· 
pressed. The conditions in pmctic~ 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 wit.h the 
least internal resistance ; in another case such a machine 
would not be the best to employ. It will certainly be ad
mitted that a machine of any type must have a greater 
resistance if intended to operate arc lights than if it it~ de
signed to supply incandescent lamps in series. When arc 
lights are overatcd and the resistance is small, the lamps 
are unsteady, unless a typ~ of lamp is t>mployed in which 
the carbons are separated by a mechani8m which has no 
further influence upon the' feed, the feeding being effected 
by an independent mechanism; but e\·en in this case the 
resistance must be cousiderably greater . to allow a quiet 
\Yorking o( the lamps. Now, if tbe machine be such as to 
yield a steady current., there is no way of attaming the de
sired result except by putting the required resistance Aome
where either in8ide or out~ide of the machine. The latter 
is hardly practicaule, for the customer may st~nd a. hot 
machine, but he looks with suspicion upon a hot reMistance 
box .. A good automatic regulator of course 1mproves the 
machine and allows us to reduce the internal resistance to 
some extent, but not as far as would be desirable.· Now, 
since resistance is loss, we can advantageously repla•Je re· 
sistance in the machine by an equivalent impe~ence. Bllt 
to produce a great impedence with gmall ohmic resistance, 
it is necessarv to have self-induction and variation of· cur
rent, and the greater the self-induction and the rate t>f cban~e 
of the current, the greater the impedence may be ma<1e, 
while the ohmic resi:stance may be very small. It may 
also be remarked that the impedence of the circuit ex
ternal to the machine is likewise incr·cased. As regar·ds 
the increase in ohmic resistance 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 providing self induction in the ma
chine circuit and unJ'ulating the current, for it is possible 
to replace a. machine which has a. resistan~e of, say, 16 ohms 
by one which has no more than 2 or 3 ohms, and the lighttt 
will work even steadier. It seems to me therefore, that my 
saying that self-induction is essential to the commercial 
success of an arc sy8tern 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 c~se a greater rate of 
change in the current· is obtainable. Just what the ratio 
of resistance to impedence is in the Brush and Thomson 
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machines is. nowhere. state<lt .but. I think that it is smaller 
in .. tlle B·rush machine,' j.udging ;from i~s construction. 

A.s rega.rds th~· .better· working of clutch -lamps with 
undulating currents, there is, according to my experience, 
not the )~aRt doubt about it. f have proved it On a 
variety of JampR t9 t]le complet~ satisfaction not only of 
myself,. b~1t of many others. To see th_e .improye~ent _in 
the feed diie to .the jar .of .the clutch at Its best 1t 1s desir
able t.o em,Ploy·_a.lamp in which an independent clutch 
mechanisqt effects. the feed, and the release of th~ rod is 
independent of the up and down movement. In such a 
lamp the qlutch has a s~all inertia and is very sensitive to 
v~br~tion, whereas, if the feed is effected by the up and 
dow~ movement of the lever carrying the rod, the inertia 
of the ftyste~ is so great that.it is not affected as much by 
vibration1 especially if, as in. 11?-any casesj a dash pot is 
employed. During the year 1885 I pe:fected sue~ a lamp 
which wa!\ calculated to be operated w1th undulaung cur
rents, . With.· about 1,500 to 1,800 current impulses per 
minute .the feed~~ this 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, demonstrated this feature on other types 
of la~ps,. among them being a derived circuit lamp such 
as Prof. Thomson refers to. I conceived the idea of such 
a lamp e~rly in 188-4, and when my first company was 
started, this .was the first lamp I perfected. It was not 
until the la~p was ready for ma1~ufacture that, on receiT
ing copies of applications from the Patent Office, I learned 
for the first time, not having had any knowledge of the 
state of the art in America, that Prof. Thomson had 
anticipated me and had obtained many patents on this 
principle, which, of course, gr~atly disappointed and 
eJUbarrn:!!!sed me at that time. I observed the improvement 
of the feed with undulating currents on that lamp, but. I 
recognized the advantage of providing a light and inde
pendent clutch unhampered in its movements. Circum
stances did not allow me to carry out at that time some 
designs of machines I 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 as 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 op1010n of l't!r. 
Charles F. Brush on theHe points. 

Prof. Thom~on states that he has run with perfect suc
cess clutch lamps "in circuit with coils of such large self
induction that any but very slight fluctuations were wiped 
out." Surely Prof. rrhomson does 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 the coils in this case 
simply augmented the impcdence and prevented the great 
variations. occurring at large time 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 elsewh~re are too. loose •. 

Prof, ri'homson further states that m a lamp m whiCh 
the feed mechanism is under the_ control of the de
rived Circuit magnet only, the fluctuations pass through 
the arc without affecting the magnet to a perceptible 
degree. It is true that the variations of the resistance of 
the arc, . in consequence of the variations in. the current 
strength; are such as to dampen the fluctuatiOn. Never
theless, the periodical fluctuations are transmitted through 
the derived circuit, as one may convipce himself easily of, by 
holding a thin plate of iron against the magnet. 

. In regard :to. the physiological effects of the· currents I 
may state that upon reading the memorable lecture of Sir 
William 1,homsol), in. whjch he advanced his views on the 
prQpagation .of t~e .altern~te cttrrents through. conductors, 
1t in1tantly occurred to me that cux:rcnts of -htgh freq~en
"1aa. 'UI'nnlil hA lAAR ininrionR. I have been lookinl! for a 

prQOf that the mode of di~tribntio~ through the body is 
the cause of the smaller physiological effects. At times I 
have thought to hav~ been able to locate the pain in the 
outer portions of the body, bnt it is very uncertain. It is 
most certain, however, that the feeling with currents of 
very high frequencies is somewhat different from that 
with -low frequencies. I have also noted the enormous 
importance of one being pr~pared for the shock or not. If 
one is prepared, the effect upon the· nerves is not nearly 
as great as when unprepared. With alternationR a~ high 
as 10,000 per second and upwards, one feels but little p:l.in 
in the central portion of the body. A remarkable feature 
of such currents of high tension is that one recei~es a 
burn instantly he touches the wire, but beyond that the 
pain is hardly noticea-ble. 

But since the potential difference across tl,.r body by a 
given current through it· is very small, the effects can not 
be very well ascribed to the snrface distribution of the 
current, and the excessively low resistance· of the body to 
such rapidly varying currents speak rather for a condenRer 
action. 

In regard to the suggestion of Dr. Tatnm, which Prof. 
Thomson mentions in another article in the same issue I 
would state that I ha.ve constru~ted machines up to 4'so 
poles, !rom which it is possible to obtain about 30,000 
alternations per second, and perhaps more. I have also 
designed types of machines in which the field would 
revolve in an opposite direction to the armature, by 
which means it would be possible to obtain from a 
similar machine 60,000 alternations per second or more. 

I highly value the appreciation of Prof. ·Thomf'on of 
my work, but I must confess that in his conclusion he 
makes a most astounding statement as to the motives o-f 
his critical remarks. I have never for a moment thought 
th.at his remarks woltld be dictated by anything l.mt 
friendly motives. Often we are forced in daily life to 
represent oppo1:1ing interests or opinions, but surely in 
th~ .highe!· ·aims the feelings of friend~hip and mutual 
constderatwn should not be affected by such things as these. 

WRIGHT AND WILSON'S INDUCTION PREVENTER 
FOR TELEPHONES. 

TnE accompanying illustration repreRents a device for 
which the inventors, Mt:Jssrs, 'fhomas F. \V'right and Ed. 
G. Wilson, of Chicago, claim prevents the disturbing 

WRIGIIT ;AND 'VILSON'S INDUCTIO.N PREVE!-."TER. 

effects of induction. rrhe device is intended for attach· 
ment to the ordinary receivers now in use, and consists ol 
a casing of sheet metal, having the external appearance ol 
a small cup which fits snugly within the concavity in tht 
end of the receiver, the interior being concaved around th! 
edges of the cup and provided with a central projectin~ 
dome intended to fit against and within the ear. 

The two walls of the casing arc provided with centra 
perf?ratio~s c·n, between which a passage is formed b: 
the· msertwn of a tube E composed of a coil of small stcc 
wire. Surrounding this tube, but enclosed ·within thi 
casing, is a spool F, grooved ·externally, as shown, an! 
wound with a coil of fine copper wire, one end of which i 

driven into the spool, while the free end terminates immf 
diately in front of, hut ont of contact with, the diaphragn 
of the telephone-receive1·. 

1,his induction-preventing· device is ·attached to the 1'1 

ceivcr by the sprmg hook- attached to the casing whic 
enl!a!!es the usual :tlanl!e upon the end of the receiver. 



The Electrical Engineer - London 
April 3, 1891, p. 345 
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. 

I 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 application is, therefore, the first public record 
of the invention. Considering this fact, it seems to me that it would be desireable 
that Mr. Kapp should modify his statement. - Yours, etc. 

NIKOLA TESLA 
New York, 17th March , 1891. 
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Electrical Review - London 
April 3, 1891, p. 446. 

CORRI~SPONDENCE. 

t:lcr.tro·motorlll. 

Fifteen or sixt<;en ycaJ"H ngo, wlHm r wr"" purHning my 
conn~e ut the C(lllegc, l wnK told by an crMinent ['hysici;;t that 
n motor coulrl not be operated without the nsc of bmsht~ and 
commutators, or mcchnnieu.l rncanR of smuc kiwi for ecJtn· 
mutating the current. It wa.'i then I determined_ to solve the 
problem. . 

After years of perRistent thought I finally arrived lit a 
solution. I worked out the theory to the laHt detail, and 
confirmed nil of my theoretical concluRion~ by expt~rirncnt~. 
Rccognh~ing the value of the invention, 1 applied myfll:lf to 
the work of perfecting it, and after long continued labcmr I 
produced several types of pra(;tical motors . 

.Now nil this I did long before anything whnt€ver trans
·pired in the whole sciontifio literature-a." far aR it could be 
nscertained-which would ha,·e c\<·cn pointed at the f"JS."i
bility of obtaining such a result, hut quite contrary at a tirne 
when ,;cientific and practical men alike com;idered this r(""Sillt 
unattainahle. In all civilised cnuntri~ pat<!nt.~ ha\"e t,,.~cn 
obtained almo~t without a Rin~le refcrcnr..e VJ auything
which would have in the lc:u;t de~rrec rendered ~u<:stionablc 
the novelty of the invention. The first published C:$-<>a,t
nn account of some laboratory expcrimentR by Prof. Ft;rr.1ris 
-waR published in Italy six or seven month~ after the date 
of filing of my applications for the foundation pa.tentR. The 
date of filing of my patents L~ thus the first public n:cord of 
the invention. Yet in your is.~u<; of ~[arc:h 6th I re.1.d the 
passage : "For several years past, from the da~·o of Prof. 
Perraris's investigations, which were followed by th~ of 
Te51a, Zipcmowsky and a host of imitator'S,'' &c. · 

No one can say that I have not t}(;en free in acknow
ledging the merit of Prof. Ferraris, and I ho~ that my 
statement of facts will not be misinterpreted. Even if 

. Prof. Ferraris's essay would have anticipaU.: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 first to produC€ a practical motcr; for Prof. 
Ferraris himself denies in his e,;say the value of the inven
tion for the transmLc;sion of power, and only points out the 
possibility of using a properly-constructed generator, which 
is the only way of obtaining the required diifercnce of pha..:;e · 
without losses; for even with co11denscrs-bv means of 
which it is possible to obtain a quarter phase-there are con
siderable losses, the cost of the condensers not considered. 

Thus, in the most essential f~alur~ of the ~y~tcm-the 
generators with the two or three circuits of differing pha~, 
the three-wire system, the closed coil armature, the motors 
with direct current in the field, &c.-I would stand alone, 
even had Prof. Ferraris's essay been published many years 
ago. 

As regards the most practica.hle form of two-wire motor, 
namely, one with n single energising circuit and induced 
circuits, of which there are now thousauds in usc, I likewise 
stand alone. 

Most of these facts, if not all, arc perfectly well known in 
England ; yet, according to some papers, one of the leading 
En~lish electricians docs not hesitate to say that I ha,·e 
worked in the direction indicated by Prof. Ferrarig, and in 
your L<;auc above referred to it seems I am called an 
imitator. 

Now, I nsk you where is thnt world-known En~.dish fair
ness ? I am n pioneer, nnd I am called nn imitator. I am 
not nn imitator. I produce original work or none at all. 

:Slkola Tt~Ia. 
New York, Jfnrcll. 11111, 18!>1. 
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Letters to the Editor~ 
PHENOMENA OF CURRENTS OF HIGH FREQUENCY. 

I cannoL pass without comment the note of Prof. Thomson 
in )·our il'sue of April 1, although I dislike very much to engage 
in a prolonged controversy. I would gladly let Prof. Thomson 
have the last word, were it not that some of his statements render 
a reply from m,e necessary. 

I did not mean to imply that, whatever work Prof. Thomson 
has done in alternating currents of very high frequency, he had 
1lone subsequent to his letter published in the Electrician. I 
thought it possible, and even probable, that he had made his ex· 
perimcnts some time before. and. my statement in regard to this 
wa"' mPant in this general way. It is more than probable 
that quite a number of experimenters have built such machines 
and ob11erved effects t~imilar to those described by Prof. Thomson. 
It is doubtful, however, whether, in the absence of any publi· 
cation on this subject, the luminous phenomena described by me 
have been observed by others, the more so, as very few would be 
likely to go to the trouble I did, and I would myself not have 
done so ha.d I not had beforehand the firm conviction, gained 
from the study of the works of the most advanced thinkers, that 
I would obtain the results sou~ht for. Now, that I have indicated 
the direction, many will probably follow, and for this very pur· 
pose I have E!hown some of the results I ha"Ve reached. 

Prof. Thomson states decisively in regard to experiments with 
the incandescent lamp bulb and the filament mounted on a single 
wire, that he cannot agree with me at all that conduction through 
the glass has anything to do with the phenomenon ·observed. He 
mentions the well·known fact that an incandescent lamp acts as 
a Leyden jal' and ~ays th~t " if conduction through the glass 
were a possibility this action could not occur." I think I may 
confidently assert that very few electricians will share this view. 
For the possibility of the condenser effect taking place it is only 
necessary that the rate at which the charges can equalize through 
the glas~ by conduction should be somewhat qelow the rate at 
which they are stored. 

Prof, Thom,son seems to think that conduction through the 
glass is an impossibility. Ha.s he then never measured insulation 
resistance, and has be then not measured it by means of a con· 
duction GUrrent? Does he think that there is such a thing as a 
perfect non·conductor among the bodies we are able to perceive? 
l.>oes he not think that as rt::gards conductivity there can be 
question only of degree? If glass were a. perfect non·conductor, 
how could we account for the leakage of a glas3 condenser when 
enbjccted to steady differences of potential? 

While not directly connected with the present controversy, I 
would here point out that there exists a popular error in regard 
to the properties of dielectric bodies. Many electricians fre
quently confound the theoretical dielectric of .Maxwell with the 
dielectric bodies in use. They do not stop to think that the only 
perfect dielectric is tther, and that all other bodies, the existence 
pf which if! lrnown to us, must be conductors, judging from their 

· phy~;ical properties. 
My ~:~taternent that conduction is concerned to some, although 

pNhap:3 negligible, extent in the experiment above described was, 
how<:ver, made not only on account of the fact that all bodies 
eo111luct more or less, but principally on account of the heating 
of the glass during the experiment. Prof. Thomson seems to 
overlook the fact that the insulating power of glass diminishes 
enormously with the increase in temperature, so much so, that 
nwlted glass is comparatively an excellent conductor. I have, 
moreover, stated in my firilt reply to Prof. Thomson in your issue 
of March 18, that the same experiment can be performed by 
mPans of an unvarying difference of potential. In this case it 
111ust ue assumed that some such procf'ss as conduction through 
the gln.ss takes placE', and all the more as it is possible to show by 
experiment, that with a aufticiently high steady difference of 
potential, enough current can be passed through the glass of a 
condenser with mercury coating to light up a Geissler tube joined 
in·series with the condepser. When the potential is alternating, 
the condenser action comes in and conduction becomes insignifi· 
cant, and . the more so, the greater the rate of alternation or 
change per unit of lime. Nevertheless, in my opinion, conduc· 
tion must always exist, especially if the glass is hot, though it 
lllay utl negligible with very high frequencies. 

Prof. Thomson states, further, that from his point of view I 
ha\'e misunderstood his atatement about the limit of audition. 
He Rays that 10,000 to 20,000 alternations correspond to 5,000 to 
10,000 ·;ornplete waves of sound. In my first reply to Prof. 
Th0mson's remarks (in your issue of March 18,) I avoided 
pointing out directly that Prof. Thomson wns miAtaken, but now I 
Het' no way out of it. Prof. Thomson will pardon me if I call his 
attention to tbe fact he seems to disregard, namely, that tO,OOU 
to 20,000 alternations of current in an arc-which was the subject 
under discuFAion-do not me.an 5,000 to 10,000; but 10,000 to 
:!fl,O(~ complete waves of sound. 

Ue t.m~·s that I have adopteq orsuggest£><1 AR the J'mit of anditi()n 

10 000 waves per second, but I have nelther adopted nor suggested 
it.' Prof. Thomson states that I have been working with 5,000 to 
10 000 complete waves, while I ,have nowhere made any such 
st~tement. He says that this would be working below the li~it 
of audition, and cites as an argument that a.t the Central High 
School, in Philadelphia, he has .heard ~,000 waves per second ; 
but he wholly overlooks a point on which I have dwelt at some 
length, namely, that the limit of audition of an arc is something 
entirely 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 machines .that five or 
si:x years ago it occurred to him to try the construction 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 
for the voltage and moving in a dense :magnetic field." Exteriorly 
to the coils and to the field he had placed in the circuit of P.ach. 
coil an imp~dance coil which- c~nsisted of an iron c~re wou~d 
with a considerable length of wtre and connected directly m 
circuit with the armature coil. He thus obtained, he thought, 
"the property of considerable self-induction along with efficient 
current generation." P1~of. Thomson says_ he expected "th11:t poa. 
sibly the effects would be very much the same as those obtama.ble 
from the regularly constructed apparatus." But he wa.s disap· 
pointed, he adds. ·with all the consideration due to Prof. Thom
son, I would say that, to expect a good result from such a. combi· 
nation, was rather sanguine. Earth is not farther from Heaven 
than this arrangement is from one, in which there would be a 
length of wire, sufficient to give the samA self·induction, wound 
on the armature and utilized to produce useful E. :at. 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 th1s e~penment was 
performed five or six years ago, when even the foremost electr~ 
cians lacked the necessary information in these and other matters. 

Prof. Thomson seems to think that self·induction wipes· out 
the periodical undulations of current. Now ~elf.inductlOn doee 
not produce any st.Jch effect, but~ i~ anythi~g, ·it ren<lers ~he un
dulation more pronounced. This IS self·evulent. Let us msert a 
self·induction coil in a circuit traversed by an undulating current 
and see what happens. During the period of the greateet rate of 
change, when the current has a. small value, the self·induction 
opposes more than during the time of th~ small rate of change 
when the current is at, or near. its maximum value. The conse
quence is, that with the same frequency th"' maximum value of 
the current becomes the greater, the greater tbe self-induction. 
As the JJOUnd in a telephone depends only on the ma:x;lmum value, 
it is clear that self·induction is the very thing :required in a tele· 
phone circuit. The larger the self-induction, the louder and 
clearer th~ speech, provided the aa.me ou~rent is pa$sed. tbro~gh 
the oircmt. I hav.e had ample opportumty to stndy thts subJect 
during my telt>phone experience of several years. · As regard the 
fact that a self-induction coil in series with a. telephone diminishes 
the loudness of the sound, Prof. Thomson seems to overlook the 
fact that this effect is wholly due to the impedance of the coil, 
i.e., to its property of diminishing the,.current strength. But 
while the current strength is diminished the undulation is rend. 
ered only rnore pronounced. Obviously, when comparisoiW are 
made they must be made with the same current~ , · . 

In an arc machine, such as that of Prof., Thomson s, the effect IS 
different. There, one has to deal with a make and break. There are 
then two induced currents, one in the 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 possibly be wiped out. But 
Prof. Thotnson seems, likewise,· to forget that the effect ia wholly 
due to the defect of the commutator;· namely, the induced cur
rent of the break, which is of the same direction \vith the main 
current and of great intensity, when large fself~induction is pres· 
ent, simply bridges the adjacent .commutato~ segm~nts, or, i.f n?t 
entirely so, at least shortens the mte~val dunng wlnch the c1rcmt 
is open and thus reduces the undulatiOn. 

In regard to the improvement in the feeding of the lamps by 
vibrations or undulations, Prof, Thomson expresses a. decisive 
opinion. He now says that the vibrations tnt~st improve the feed. 
ing of a clock-work lamp. He says th!lt I '.'contented ~yself by 
simply saying," that I cannot agree w.Ith lum on that pomt. 

Now, sa11ing it, is not the only thing I did.. I have pn.:ssed 
many a night watching a lamp feed, and I leave It to any sktlled 
experimenter to investigate whether my sta.tements ar~ corrt:;ct. 
l\Iy opinion is, that a clock-work lamp; that Is, a lamp m whwh 
the descent of the carbon is regulated not by a clutch or friction 
mechanism, but by an escapement, o cannot,, feed, ,any more 
perfectly than tooth by .topth, which. may be a mov~rtlent of, say, 
·-lr of an inch or less. Such a lamp will feed in nearly the same 
manner whether the current be perfectly smooth or undulating-, 
providing the conditionlil of the circuit are otherwise stable. If 
there is any ad vantage, I thin~ it would bo in the use ?f 3: smooth 
current, for, with an undulatmg current, the lamp ls.1Ikely to 
miss some time and feed by more than one tooth. But m a lamp 
in whioh · the descent of the carbon is regulated by friction 
mechanism, an indnlating current of the proper numbe:n of undu· 
lations per second ·will always ~iv('l a better result, . Of course, to 
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realize fully the benefits of the undulating current the release 
ought to be effected independently of the up-and-down movement 
I have pointed out before. 
· In regard to the physiological effects, Prof. Thomson says, that 

in such a comparativ~ly poor conductive material as animal tissue 
the distribution of.current cannot be governed by self-induction 
to any appreciable extent, but he does rtot consider the two-fold 
effect of the large cross-section, pointed out by Sir 'Villiam 
Thomson. As the resistance of the body to such currents is low, 
we must assume either condenser action or induction of cun·cnts 
in the body. 

NIKOLA TESLA.. 
N~~:w YORK', April 4, 1891. 

literature. 
The Elements of Dynamic Electricity and Magnetism. : By Philip 

Atkinson, A. l\I., Ph. D. New York: D. Van Nostrand Co., 
1891. 5x8 inches; 405 pages. Price. $2. 

While there is no lack of books on the elements of electricity 
and magnetism, there has of late arisen a demand for a class of 
works which shall be adapted not only to the learner who desires 
to continue his studies with special 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, because it has 
beeu so forcibly brought to public attention during the last few 
years. A book to interest these learners and general readers, 
therefore, must pret~ent the subjects in their plainest dress, and 
must convey the facts through the medium of conclusive induc
tive reasoning rather than by the aid of formulm. It is from this 
standpoint that the author has treated the subject matter con
tained in the book, which forms ·a companion work to that 
J)reviously published, entitled u Elements of Static Electricity.'' 
In the present work the author has taken up the subject of dynamo 
electricity and magnetism, and very properly begins with defi· 
nitions and a description of the voltaic battery. He describes the 
principal single and double fluid cells now in common use, and 
their method of operation. Two chapters on magnetism ahd 
electro-magnetism discuss the wide range of these phenomena. The 
author leads up from the natural magnet to the mariner's and 
sun·eyor's comp~s and gives one of the most complete short ex
poses of terrestrial magnetism that has come under our obser
vation. He also discusses the form of magnets, and their polar 
attraction and repulsion. Passing on to electro-magnetism, we 
find a treatment of the laws governing the relation between cur
rents carried in neighboring conductors and the effects of currents 
upon magnets and upon masses of iron. The author explains 
very clearly the simple rules by which all these phenomena may 
bA remembered, and shows their application to the construction 
of the Ruhmkorff coil, which is described very fully. 

Chapter VI is devoted to electric measurement. In it are 
described the various electrical units employed in practical elec· 
trical work, and this is followed by a description of the most gen
erally employed testing instruments, among them the Thomson 
galvanometer, the "\Veston voltmeter, the.Wirt voltmeter, the Car
dew and others. The dynamo and motor are then taken up, and 
after a fe\v short introductory paragraphs on the history of the dy
namo, the author at once brings us to the types employed at the 
present time and their construction. This survey includes not only 
those of the well-known continuous current machines, but also the 
best known alternating current dy)'lamos and motors. Thermo-mag
netic motors are also touched upon here. Electrolysis and electric 
storage form the subject matter of the two following chapters, 
introduced by the theory of Grotthuss, which still seems to be the 
fa\·orite one for text book purposes, and perhaps justly so. The 
application of the laws of electrolysis to electric storage is also 
pomted out, and the construction of the most recent types of 
secondary batteries is described and illustiated. The relations of 
t'lectricity to heat form a chapter which will attract considerable 
interest as we find in it, besides the laws governing the genera
tion of heat in conducto1·s, a simple statement of electro-thermic 
phenomena and a description of the latest forms of the Thomson 
welding machine, and the results which have been obtained with 
it. The relation of electricity to Jight forms the subject matter of 
Chapter XI, in which the various phenomena of the effects of 
light on selenium are described, together with the magneto-optic 
polarization effects, and the various other photo-electric phenom
ena discovered by .Becquerel, Kerr and others. The author then 
takes up the arc light and discusses its nature, and the most gen
eral types of lamps employed; This is followed by similar treat· 
ment of the incandescent lamp, in which connection the two and 
three wire syst~ms of distribution are described. The telegraph 
and the telephone, to each of which a chapter is dP.voted, end the 
volume. 

'Vhile we are not prepared to agree entirely with all the views 
expressed by the author, e3pectally on points of theory, the 
present unsettled sta~ of ths latter mi~ht be easily m:tde to 
account for divergence3. If we may also bJ allo\ved to suggest, 
we think that the work in further elition:J, which will undouht· 
edly be callej for, might be imprcJved by a more rigiJ adherence 

to the classification of the subjects treated. The book has the 
~doubted merit of giving the latest information on the practical 
advances made, and does not burden the reader with a long and 
profitless review of what has been done during the last fifty years. 
The book is admirably printed and illustrated, and the author ha:1 
evidently availed himself of the latest and best sources of inform
ation. We trust that the publishers will find their euterpriso 
fully rewarded. 

THE SWINBURNE TRANSFORMERS. 

In my letter appearing in your last issue an error was made in 
the statement beginning ; ''In the communication from Mr. Swin
burne a few days after the publishing of my article, Mr. Rwin
burne, etc." It should read as follows: "In a communication 
received from Messrs. Swinburne & Co. a few days after the 
publishing of my article. etc., they state that the leakage cm-rPnt 
m their transformers of .40 lights capacity is about 40 per cPnt.: 
allowing that this 40 per cent. is correct, the cornparnti ve leaka~e 
current in the open and dosed types of transformers iR appn,xl-
mately 10 to 1." Wlll. HTAt'LJ<:Y, .IH. 

Pn·TsFIELD, MAss. 

WHAT ARE THE LIMITS OF HIGH POTENTIAL 
TRANSMISSION? 

IN another column we describe the tests which havo n.>cPnth· 
been made to demonstrate the poEsibility of transmitting t>lPctrk;il 
energy between Lauffen anu Frankfort, in which potentials of 
over 30,000 volts were employed. These experiments appPared to 
indicate the practical succt•ss of the system, but in a lf'tter appear
ing in the Elektrotechnische Zeitschrijt, August Schnelku·. of The 
Hague, Holland, draws attention to certain points, which, he 
claims, have not been fully considered. He 'vrites as follows: 
. " In our technical papers, the power transmission project fmm 
Lauffen to Frankfort, on the occasion of tho Frankfort Exhibi
tion, has been the frequent object of discussion of late. Althongh 
in the carrying out of my experiments in the preparation of ozorH', 
I have already had considerable experience with alternating cur
rents up to 24,000 volts potential, I ha\'e up to now avoided taking 
part in this discussion. Since, however, this project ha~ hel'll 
seriously talccn up and spoken of by his Excellency. Dr. \'u11 
Stephan, I have regarded it as my duty to testify to the ('norm on'\ 
difticulties of transmitting power with 20,000 volts alt•.:rnating
current, which make its carrying out in practice impos~ible. The 
transmitted 300 h. p. may have at the primary tranAformt>r ~10.000 
volts and 6.2 amperes=186,000 watts. To obtain 30,000 Yolts by 
transformation in commercially practicable apparatus, so as to hi' 
safe, is indeed difficult, but under certain construction not 
impossible. 

,, The chief difficulty in the transmission or 30,000 YOI ts I ies 
not, however, in the fourfold transformation and the loRs then'ln· 
eritailed, nor in the tr·ansformers themselves, but in the outsid.e 
conductors. With 6.2 amperes, with a copper \vire of 5 mm. lli
ameter, and with 350 kilometres of wiro the drop in potential 
amounts to only 1,830 volts= 6.1 per cent.; but the other ]ot;ses 
which the conductors arc subject to have been entirely left out of 
account up to the present. For the overhead con1luctors tPle
graph poles are necessary, which ought not to be more than 50 
metres apart, so that altogether there will be 3,500 telegraph pole:>, 
and 7,000 oil inAulators. One insulator, even an oil insulator, lw .. s 
an average resistance of 1,000 megohms when measured wtth low 
potential battery current. For 7,000 insulators there may then be 
a resistance of 150,000 ohms; then there would be, at 30,000 Yolts, 
0.2 ampere loss, which loss of 3.2 per cent., in such an illlporta.nt 
undertaking, may almost be neglected. 

"Now, however, comeM the principal point: The 'charging 
loMs,' according to my measurements, for an air dry insulat•1r at 
15,000 volts, amount to 2.3 watts ; at 20,000 volts to 4. 7 watts, and 
at 30,000 volts might reach about 15 watts. In the 7 .oou ins\! J:\ .. 
tors then, in dry weather, there would be about 100,000 wattM los:'!. 
The losses in foggy or rainy weather are still left quite out of the cal
culation. If we a::~sume a distance between the parallel conductors 
of one metre, there results, at 30,000 volts potentia!, a loss of 0.1:-i 
watt per metre by silent discharge; hence, for 175 kil<lmetres. a 
loss of ~6,000 watts. Allowing an efficiency o! U.3 per cent. f1)r 
the primary and secondary machines and 98 pE"r cent. for the 
transformers at full load, the loss in the line 6.1 1wr cent .. the 
insulation loss 3.2 per cent., the 'charging loss' on the insulators 
at 100,000 watts, and ttte silent discharge in 175 kilometres of 
parallel conductors at 26,000 watts, then we come to the conclu
sion that in dry weather, from the La.uffen plant of 800 h. 1'· we 
will get in Frankfort about 37 h. p. 

•· 'fhere must be taken into account still further, about 6,000 
square metrea of condensing surface of the conductoro and insu
lators . .I have measured the sparking distance with 20,001) voltH 
alternating current at 100 reversals per second, without any conden
ser, and found it to be 46 m m.; and when a condenser of 15 sq. mm. 
surface was included, the sparking distanoo wns more than 80 
mm.; but how great the sparking distance is with 0,000 srpw.r1~ 
m~tres o! condensing surface, gods beyond my experipncc. On 
the b.ldi:J of thes) truth:J it is ed.3ily seen th:1t the whol-e pr"j~d i3 
a technical impossibility." 
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The cr Drehstrom" Patent. 

BY' NIKOLA TESLA. 

In the last issue of THE 'ELECT~ICAL. WoRLD I find an 
article on my "Drehstrom ,,. patent which app-eared origi
nally in InduBtrits, and is, I believe, from the pen of the 
able ·editor of that journal. - Some of ·the stateroenta made 
are such as to cause an erroneous opmion to gain ground, 
which T deem it my duty to prevent-a disagreeaLle one I 
may say, as I do not like to express my opinion on·a patent, 
especially if it is my own. 

It may be, as the writer states, that the theory of the 
action· of my motor advanced in my paper before the 
American Institute in 'May, 1888, is a clumsy one, but this 
theory was formed by me a number of years before the 
practical results were announcf'd, the patents being applied 
for only after it wa& undoubtedly demonstrated that the 
motor could fairly compete in efficiency with the direct 
cnrrent motor, and that the invention was one of commer
cml 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 importance of- the inven
tfon, and with proper regard to the state of-the art at that· 
period, and had the patents been carefully studied 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 keen disappointment. 

The writer apprehends that it might be difficult for a non
technical judge to decide whether a motor with two or 
mo;e separate fields and armatures, coupled together me
chanically, does or does not fall undE>r my patent. l do 
not share his apprehension. .ludges are highly educated 
men, and it doe.s not require much technical knowledge to 
convince one that it is the sau1e whether two belts driving 
a rigid arbor are close together or far apart. Nor do I 
think that it is necessary for the honorable judge to be a 
partisan of the armature rt>action theory in order to recog
nize the identity of the two arrangements referred to by the 
writer of the article in question. Indeed, I would seri
ously doubt the sincerity of a man capable of clear con
ceptions were he to uphold that the arrangements 
arE> essentially different, even if the case should 
stand exactly as he assumes by way of illustration of 
" puzzles likely to arise." For where is there a difference? 
Take, for instarH:e, a form of my two-pha!.>e motor There 
are two sets of field maf:_nets, ont> at the neutral parts of 
the otlwr. On(' of the sets, therefore, might as well Le re
mo>ed and placed a distance Sit1cway::;, OUt long E>xperi
ence shows that in output, efficif'ncy, cost of construction 
and in general mechanical respects such an arrang<>ment 
is inferior. The two S(•ts are conn('cted inducti>('ly through 
the armature body or the windings thereon. Part of the 
period one set of fidd magnets acts as a generator, set.
ting up induction currents, which circulate in the field 
of force of the other set, which may be looked upon as 
a motor. ~art· of the perio~ again, the second set be· 
comes the generator and the first the motor, the action be
ing at the same time such that the generated currents are 
always passed in a definite direction with respect to the 
field ; ·they are com mutated as it were, and a tendency to 

· rotate in a given direction is imparted to the. armature. 
Now place two fields f'ide by side and connect properly the 
armature windings.· Are not the fields again inductively 
connected? .Do not the currents set up by one field cause 
currt--nts to circulate in the other, and is the action 
not exactly the same in both cases? This ~ a fact; 
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no matter what theory is adhered to. The writer says that 
in the case of two separate structures ther·e is really nothing 
which may be called rotation of the field. But.is there 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 -- snrging simply 
in the pole projections in exactly the same manner 
in both the arrangements? Irrespective of the view 
takcm, 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 case, for theories and interpretations of his inven
tion. Theories may come and go, but the motor ~orkB, a 
p:r:actical result is achieved and the art is advanced through 
his pains and efforts. But what I desire 'to point out. 

. principally is that in the article above referred to the writE>r 
is only assuming a case which cannot occur. He is evPently 
judging the state of things from my short paper before the 
American Institute. This paper was written in a hurry, 
in fact only shortly before . the . me~ting of the 
Instttute, and l was unable to do full ·justice 
even to those features upon · .. which, as employe of 
a company owning th~ in"Vention, I was pe.xmitted to 
dwell. Allow me to observe that my patent specification 
was written up more carefully than my paper and the view 
taken in it is a broader and truer one. While the "clumsy" 
theory was adapted ru; the best in explanation of the action 
o( the motor, the invention is not represented as depend
ent entirely on that theory; and in showing a three phase 
motor with six projections, where 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 advisedly taken, as the 
following quotation from my foundation patent wi11 show : 
"The variations in the strength anti intensity of the cur
rents transmitted through these circuits (lines and anna
ture) and traversing the coil~ of the motor produce a stead
ily progressive shifting of tlw··r£'81tltmlt attractit•e force t>X

erted by the poles upon the a.rmature and consequently 
keep the armature rapidly rot~ting." There is, in this in-

. stance, no question of a rotating field in· the common ac·· 
ceptance of the term oi the ·resultant attractite force: 
there is a question simply of a diagram of force, and it is 
immaterial for the opE>ration 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 strict in upholding the rights of the in
ventor, an illegitimate and unfair appropriation of the in
vention by others will be tolerated by the courts. 
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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, 
which 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 impossible 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 study demonstrate that the ordinary rules for the magnetic circuit do 
not hold good with high frequency currents. In ponderable matter magnetic 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 the 
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 beautiful demonstrations with 

vibrating diaphragms which Prof. B~erknes, 
exhibited in person at the Paris Exposition in 
1880, must have admired hie ability and 

painstaking care to such a degree, as to have an almost 
implicit faith in the correctness of observations made by 
him. His experiments "On the Dissipation of the Elec· 
trical ¥nergy of the Hertz Resonator,u which are described 
in the Issue of Dec. 14, of Ts& ELECl'RIOAr.. ENGINEER, 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 b_y the most ad
vanced thinkers. There can not be the shghest doubt as 
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 , 
confronted. 

'rhe apparatus, oscillator and resonator, being immersed 
in air, or other discontinuous medium, there occurs.,......as I 
have pointed out in the description of my recent e~peri
mcnts before the English and French scientific societies
dissipation of energy by what I think might be appropri~ 
atcly called electric sound. waves or sound-waves oj' electri
fied air. In Prof. Bjerkncs's experiments principally this 
di~sipation in the resonator need be considered, though 
the sound-waves-if this ter111 be permitted-which 
emanate from the surfaces at the oscillator may consider· 
aLly affect the observations made at some distance from 
the latter. Owing to this dissipation the period of vibra
tion of an air-condeuser can not be accurately determined, 
and I have already drawn attention to this important fact. 

These waves are propagated at right angles from the 
charge·d surfat~es when their charges are alternated,. and 
dissipation qccurfl, even if the surfaces are covered with 
thick and excellent insulation. Assuming that the "charge" 
imparted to a molecule or atom. either by direct contact 
or inductively is proportionate to the electric density of 
the surfac~, the dissipation should be proportionate to the 
Rtptare of the density and to the m~mber of waves per sec
ond. The 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 practically independent of the 
den8ity of the surface, but this is immaterial for the pres
ent consideration. Thts 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 
dissipation of energy from a wire, for instance, is not vepy 
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 "·rhe Thermal Emissivity of Thin Wires in Air" 
throw a curious light. Exceedingly thin wires are capable of 
dissipating a comparatively very great amount of energy by 
the agitation of the surrounding air, 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 3n extraordinarily great amount of heat, 
especially at ele~ated 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 hot 
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 surface 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, though probably very 
smalJ, should certainly be looked for. · 

A number· of observations showing the pecu1iaritv. of 
very thin wires were made in the course of Dly · 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 observation ·enabled me to 
produce the spin of such vanes mounted in a vacuum tube 
when the latter was 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 to only one of 
the ter:q:1inals 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 wire, but my apparatus was not 
adequate to produce the incandescence. I made other 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 
short but much thicker wire. On turning the current on 
the bulb the wire was instantly fused. A series of subse
quent experiments showed, that when the diameter of the 

· wire was exceedingly, small; considerably·. more en-.,rgy 
would be dissipated per unit surface at all degrees of 
exhaustion than was to be -expected, even on the assump
tion that the energy given off was in proportion to the 
square of the electric density. There iR likewise' evidence 
which, though not possessin~ the certainty of an accurate 
quantitative determinatwn, ts nevertheless reliable becanse 
it is the result of a ·great many observations, namely, that 
with the increase of the density the dissipation is more 
rapid for thin than for thick wires. · . . . 

The effects noted in exhausted vessels w1th high-fre
quency currents are merely diminished in degree when the 
air is at ordinary pressure, but beating and dissipation 
,occurs, as I have demonstrated, under .the ordinary atmo
spheric conditions. Two very thin wires attached to the 
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terminals of a high-frequency coil are capable of giving off 
an appreciable amount 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 ou,ing to the 
~tJresence of a discontinuous medium is transformed into 
heat at the surface ~or 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. 
orE~, such as oils, though they are far from being perfectly 
incompressible or elastic to electric displacement, the heat
ing is much smaller b.ecanse 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. These 
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 second being very 
small. The experimenter may feel the impact of the air at 
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, heat and light which have been observed, im. 
ply the presence of a medium of a gaseous structure, that is, 
one consisting of independent carriers capable of free 
motion. 

When a glass plate is placeJ near a condenser the charge 
of which is alternated, the plate emits a sound. This 
sound is due to the 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 dischatge coil is immersed in oil 
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 sh~wn 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 hole 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 
bearing 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 the 
current which will find its way through the surrounding
medium, and the smaller the part which will pass through 
the central portion of the wire. In the case of a wire im
mersed 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 extent 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 : I. The dissipation of energy 

is more rapiil when the resonator is immersed in air than it 
would be in a practically continuous medium, for inHtance, 
oil. 2. The dissipation owing to the 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 tht• 
·two facts that the resonator receives always the eamo 
amount of energy, independent of the natura of the metal, 
and that the magnetism of the metal increases the imped
ance of the circuit. A resonator of magnetic mt'tal 
behaves virtually as though its circuit were longer. There 
is a greater potential difference set up per unit of length, 
although this ·may not show itself in the deflection of the 
electrometer owing to the lateral dissipation. The effect 
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. 
Considerable thickness of copper deposit was requir<'<l in 
the former .experiment, but very lit.tle thickness of iron in 
the latter, as should be expected. 

Taking the above views, I believe, that in the experi
ments of Prof. Bjerknes which lead him to undoubtedly 
correct conclusions, the air is a factor fully as important, 
if not more so, than the resistance of thP. 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 
Elektrotechnische Zeitschrift on the authority of Herr Fr. 
Vogel. Telegraphic apparatus to the value of $280,000 was 
made; telephones, over $400,000; railway signalling appar· 
atus, nearly $400,000; total, with electric bells, etc., :lbon\ 
$2,000,000. During 1890-1891: 3,500 continuou" current 
dynamos, alternators and transformers were built each 
year to the value of $1,600,000. In 1886 a large Gt•rm3n 
firm built 350 machines, having a total output of 2,500,000 
watts. Last year the same firm turned out 760 machirll'll, 
the total output of which was 10,000,000 watts, the av<'f· 
age size of machine being, therefore, about 9 ~ h. p. and 
17 ~ h. p. respectively. Accumulators al_"e being manufac. 
tured and sold in Germany to the amount of $1,120,000 ~r 

· annum. About 17,000 arc lamps are made every year, tht•ir 
value being about $500,000. The arc-light carbon prodarL 
amounts to nearly $400,000 per annum, and the incand('lo 
cent lamp product to $640,000. The value of tho tl)tsl 
annual electrical output of all sorts is placed at $6,600,00(1 
or $6,700,000. The number of persons employed in el~· 
trical factories is about 15,000. 

MAXIMUM SPEED ON ELECTRIC RAILWAYS. 

IN a contribution to the Elektrotechnische Zeit,q~nr{/t, 
Mr. J. Kraemer comments on the current statemen~ rt· 
garding high speed on electric railways, and pre!lentft lll 
array of formulas for calculating the effect of air prcR!IUrt", 
dead weight and other factors on the maximum poASiblt 
speed. Ile thinks that 500 kilometres per hour i11 tbt 
highest speed yet attained by experiments made on a 
laboratory scale; the dead weight of the cars, engi':" 
trucks and the fuel used reduces this to about 150 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 limited by the radhtt 
of the curves. These factors, together with the allowanen 
for air resistance, ·slipping on the rails and the avera~ 
grades still further reduce this speed, so that electri~J rill· 
ways must be able to alter the conditions matcrislly in 
order to attain a speed of even 200 kilometres per hour, 
corresponding to about 125 miles per hour-quite a promi.J. 
ing figure •. 
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THE PHYSIOLOGICAL· AND ·oTHER EFFECTS OF 
HIGH. FREQUENCY CU~RENTS. 

Bl!' 

· IN THE ELECTRICAL ENOINEER;:of January 25, 1893, I note an 
article by Mr. A't>A. C. Swinton, referring to my experiments with 
high-frequency,currents. Mr.· Swinton uses in these experiments 
the method of converting described by me in my paper before 
the Ainerioan·Institute of Electrical Engineers, in May, 1891, and 
published· in THE' ELBCTRTOA.L ENGINEER of July 8, 1891, which 
has since been employed by a number of experimenters; but it 
has somewhat surprised me to .observe that he makes use of an ordi
nary vibrating contact..bre&ker, whereas he could have employed 
the much simpler method ·of converting continuous currents into 
alternating currents-of any •freq.,.cy which was 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 a;t will by simple adjustments. I had thought that 
most electricians were ·at · present -familiar with th'is mode or 
conversion whieh ·possesses 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 
read what I have written· on the subject. But I cannot a~ree 
with some ·or the views expressed by him. · 

First or all, in rogard to ·the physiological effects. I have made 
a clear ·statement at the beginning of my published studies, and 
my continued experience with these 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 -lE\SS injurious than the -low frequency 
currents,. but I have also -taken care to prevent the idea from 
gaining ground that these currents are absolutely harmless, as 
will be evid~nt from the following quotation: "If received 
directly from a machine or from a secondary of lo'v resistance, 
they (high frequency currents)- produce more or less powerful 
effects, and may cause serious injury, -especially when used in 
conjunction -with condensers." This refers to currents of ordinary' 
potential differences such ·as are used in general commercial 
practice. . 

As regards- the ·CUrrents .of very high potential differences, 
which were employed-in my experiments, I have never considered 
the current's 6trength, butcthe energy which the human body was 
capable of receiving without injury,.and I have expressed this 
quite clearly on more than one occasion. For instance, I stated 
that "the higher the frequency the greater the amount of 
electrical energy which may be passed through the body without 
serious. discomfort." And. on another occasion when a high 
tension coil Wt\,'3 short-circuited though the body of the experi
menter I stated that· the immunity was due to the fact that less 
energy was available externally .to the, coil when the experi
menter's body joined 'the terminals. This is practically what Mr. 
Swinton expresses in another way.;·namely, by saying that with 
"high frequency currents it :s possible to obtain effects with 
exceedingly ema.ll currents," etc. . . 

In regard -to tbe 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 
considered very striking, and I have also pointed out the great 
importance of the rarefied gas surrounding the filament when we 
have to deal with currents- of .such high frequency. The heating 
of. the filament by & comparatively small current is not; as Mr .. 
Swinton thinks, due to its impedance or increased ohmic resist
ance, but principally to· the . presence of rarefiea gas in the bulb. 
Ample evidence of the truth·of this can be obtained in very many 
experiments, and 'to cite. them.would be merely lengthening this 
communication unduly. 

Likewise, observations made when the experimenter's body 
was included in'the path of the discharge, are, in my opinion, not 
i~pedan.ee, but cana,city,- phenomena. The spark between the 
hands is th~ sho:rter, the larg~J: the surface of the body, and no 
spark whatever would. ·be -obtained if the surface of the body 
were sufficiently la~ge. · . 

. I w.ould here .point out that one1s apt to' fall into the error of sup
posing-tbat-the spark which is produced between two points on a 
conducto~, not ·very "distant from each other, is due to the 
impe.dance of .the coQdu0t9r. '').'his is certainly the case when the 
current is of. considerable ·strength, as 10r. instance ,when, like in 
theFaradal" experil:tlebt or some of·Dr. ~dge's, a.heavily-charg'f3d 

battery of L~yden jars is dhchar6el thro~gh a. bent wir~. But, 
~~en there is a vibrati'>~ a_long a w_ire whicll is constantly main
tamed, and the current 1s mapprectable whereas the potential at 
the co!l terminal is . exceedingly hi~h, then la!'-Cral dissipation 
cornes mto play prommently. There 1s then, owmg to this dissi· 
p~tion, a r~pid fall. of potential al_ong the wire and high potential 
dtf!e~ences may extst botwee!l pomts onlY: a short distance ap:ut. 
ThiS 1s of course not to be confounded w1th those differences of 
potential observed between points when there are fixed wavt>s 
with ventral and .nodal points maintained on a conductor. The 
lateral dissipation, and not the skin effect, is, I think, the reason 
why so great an amount of 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 instruc
tive or practical purpose; but I may be pardoned for .men
tionting that other observations made by Mr. Swinton, and hy 
other experimenters, have recently been brought forward a9 
novel,. and arrangements of apparatus which I have suggested 
have been used repeatedly ,by some who apparently are in com
plete ignorance of what I have done in this direction. 

ELECTRICAL RECORDING ME TERS.-11. 

BY CARYL D •. HASKINS. 

There is atiothor device, or perhaps I had better say there might 
be·another-device for accomplishing.the object of this last meter 
in a somewhat similar manner. The actinometer is probably 
familiar to all who ha.ve indulged. in amateur photogr<~.pt.y; it 
consists of a piACe of glass covered with small cuhea, each cuhe or 
a more intense ruby red than the one beyond it, merging, in fact, 
from an almost clear glass to an almost perfectly non-actinic 
medium. Now, it suggestd itself to a certain electrician that if a 
number of these squares were arranged in a piece of glas3, one 
above: the other, and a lamp whose light should vary more or less 

·directly with the potential on the lines, be placed before this glass 
'Or actinometer, a sensitive film being rotated behind the actin
ometet· 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 voltage was at certain times ; in fact, a recording voltmeter. 
This device seemed very nice indeed. It had only one fault-it 
would not work. I might say that the device is my own. 

There is almost an endless variety of clock meters. They are 
not all electricity meters by ~ny means; some are recording volt
meter-s, others recording ammeters, and others have still different 
purposes. The familiar recording steam gauge is only a modifi· 
cation of this instrument. A paper is almost invariably rotated 
over a drum, sometimes being fixed to the drum, and sometimes 
being drawn from one drum to. another. the paper moving at uni
form speed, and generally being divided into hours or other frac
tions of time by abscissro lines. 

This clock mechanism can be combined with any indicating 
device; it.is only necessary to supply the connection which shall 
cause the indicator to mark the paper, and draw a crooked line. 
First attempts of thls kind are generally made with an ordinary 
solenoid, or sometimes witll 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 upon 
the paper, but the friction introduced by this device was fatal 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 lint) drawing is one of the best srstems yet 
intr(Jduced, .and is probably more familiar to the maJority of us 
than other methods, because it forms a component part or the 
Walker meter which has attracted attention at various times. 

One of the best methods of accomplishing the regll!tration, 
perhaps, when all things are considered, the very best, is to attacll 
to the pointer of the indicator, a steel point or needle with an iron 
armature mounted in the form of a. spring, or in some similar 
manner. By placing an electromagr:tet behind the paper to be 
marked, and sending .through this miignet an electrical impulse 
at fixed periods of say, one, two or five minutes, the pointer is 
drawn sharply down to the paper, puncturing it, an.d is immedi
ately released by the cessation of energizing current 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 
electromagnet. is easily actuated by the cloak movements. But 
we may say of these forms, as well as of. the forms of clock meter 
which are to follow, that there is one serious objection to them 
all:-they have to be wound up, which is cert"inly a fault. We 
may modify this statement by saying that many of these devices 
have .an .electrical.attachment which makes them self-winding, 
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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 scientist, 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 Detroit Free 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 painfully 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 interested in 
the task of relieving the suffering from their pain, and, as might be expected, a 
great many communications have been addressed to me by physicians. To these chief
ly this brief statement of the actual facts is addressed. 

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 small degree, evidently because of the 
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 the 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 small, great weights, half a 
dozen persons, for instance, may be vibrated with great rapidity by a comparatively 
small apparatus. 

I observed that such intense 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 investigati~n. This 
machine, together with other apparatus, was unfortunately destroyed by f1re 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 journals which I have never author1zed and wh1ch, 
though they may have been made with good intent, cannot fail to be hurtful by giving 
rise to visionary expectations. 

Electrical Review- N. Y. 
March 18, 1896, p. 147 
TESLA'S LATEST RESULTS 

Yours very truly, 

N. Tes1a 

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 talent, while the ribs 
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. 11 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 interesting and important. 
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Here is an unlocked-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 considerable 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 tube. 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 to contribute my humble share to the knowledge of the Roentgen 
phenomena, I am finding more and more evidence in support of the theory of moving 
material particles. It is not my intention, 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 which 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 is being expelled through the walls of 
the glass. 

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

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

By NIKOLA TESLA. 

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

To obtain high potentials we may 
avail ourselves of an ordinary induction 
coil, or of a static machine, or prefer
ably 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 paten tial on 
the 'cathode. Thus, to secure the re
sult aimed at, one is driven to the ac
ceptance of a single electrode bulb, the 
other terminal being as far remote as 
possible. 

Having 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 fol.Uld to b~ 
of the utmost importance, not to say 
essential, for the production of intense 
Roentgen shadows. I refer to a 
~ethod 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 
~u~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 terruinal of the disruptive coil, 
preferably of high frequency of vibra
tion, and usually· the following phe
nomena are noted: First, there is a· 
milky light spreading through the bulb, 

· or possibly for a. moment the glass be
comes phosphorescent, if the bulb bas 
been exhausted to a high degree. At 
any rate, the phosphorescence gener
ally subsides. quickly and the white 
light settles around the electrode, 
whereupon a dark space forms at some 
distance from the latter. Shortly 
afterwards the light assumes a reddish 
color and the terminal grows very hot. 
This beating, however, is 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. 

After some time the reddish light· 
subsides, the streams becoming aO.ain 
white, whereupon they get weaker

0

and 
weaker, wavering around the electrode 
until they finally disappear. Mean
while, the phosphorescence of the glass 
grows more and more intense, and the 
spot where the stream strikes the wall 
becomes very hot, while the phosphor
escence around the electrode ceases 
and the latter cools down to such an 
extent ~bat the glass near it may be 
actually tee-cold to the touch, The gas 
in the· bulb has then. reached the re
quired degree of · rarefaction. The 
process may be hastened by repeated 
heating and cooling and by the em
ployment .of a small electrode. 

I may sta~e here that the 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 
~luminum, are somewhat exaggerated, 
masmuch as I have found that a very 
thin alum ioum sheet throws a marked 
shadow, while, ou the other hand 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 is still more im
portant, because the phenomena ob
served throw a light on the results ob
tained by Lenard and Roentgen. 

Though the phenomenon of rarefac
tion under above conditions admits of 
different interpretations, the. chief in
terest centers on one of them,.to which 
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 noticeable, aud 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 effects are closely 
connected, and I am getting more and 
more convinced that we have to deal 
with ft stream. of material particles, 
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 arrive easily by the 
employment of very high potentials to 
speeds of 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 
the terminal of a disruptive coil, passes 
through.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, not by 
streamers, as some experimenters have 
done, using static machines or induc
ti6n coils, but by actual projection, 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 sui table for this, 
and the development in 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 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 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 not 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 
noted. For instance, I find that there 
is a tendency to sleep and the time 
seems to pass away quickly. There is 
a general soothing effect, and I have 
felt a sensation of warmth 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 effects 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. Thus it may be possible 
to project a suitable chemical in to 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-holder containing a sensi
ti~e plate, protected by a fiber cover 
as usual. Near the open end of the 
copper tube was placed a thick plate 
glass at an angle of 45° to the axis ol 
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°, and supposedly 
reflected rays passed along the axis of 
the copper tube. An exposure of 
forty-five minutes gave a clear and 
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 under 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 effect 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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MR. TESLA ON THERMO ELECTRICITY. 
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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: 

"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 Ni kola Tesl a 

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 undertaking 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, 11 Electricity, 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 converting 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 earlier, 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 not radically changed, 
and even now has the same objectionable features and limitations. To do away with 
these as much as possible, a new type of engine is being perfected in which more 
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 Roentgen, 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 Germany, 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 Ram5ay, 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 their 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 in 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. Furthermore, 
the regulating appliances and other accessories which would have to be provided 
would probably make the plant fully as much, if not more, complicated than the 
present. We might, of course, place the batteries at or near the coal mine, and 
from there transmit the energy to distant points in the form of high-tension 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 ultimately 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 the inspiring 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 candle, 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 candlepower. Photographs of persons were likewise obtained at that 
time and, if I am not mistaken, these were the first likenesses produced with this 
kind of illumination. However, a number of facts, not pertaining to the subject 
presently considered, were observed in the course of the experiments which, had 
they been immediately published, might have materially 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 instance, in 
making observations as to the efficiency or any peculiarity of the vacuum tubes, 
the photographic plate was found to be an excellent means of comparison, note being 
taken of the distance and time of exposure, character of the 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 lights 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 candlepower, a notable improvement in this respect was effected, and 
this advance prompted me to further efforts in this direction, which finally re
sulted in the production of a tube of an illuminating power of equal to that of 
hundreds, and even thousands, of ordinary vacuum tubes. What is more, I believe 
that I am far from having attained the limit in the amount of light producible, 
and believe that this method of illumination will 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 amiss, 
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 in 
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 lamps for an equivalent amount of 
light, are not far to seek. A vacuum tube, particularly if it 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 increases 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 idea 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 carry 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. 
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Ni(c)ola Tesla Writes of the Interesting 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. 

[rhe follo~ing article appeared ~ith the above.-Ed~ 

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 lion 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 JoUPnaZ 
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 submarine 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 destr0y it, without 
the enemy knowing how they were attacked. This seems' almost incredible until the 
great magician of electricity explains his wonderful invention, point by point, in 
the following statement. 

''I 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. 

11 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
posiog war ships. 

11 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. 

11 But my submarine boat, loaded with its torpedoes, can start out from 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 we~pon 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 invention 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. 

11 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 there 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 in the water compressed 
air motors will also 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 leak 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 the positi.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 small amount of water which 
leaks through each time is caught by drain pipes and a compressed air pump instant
ly expels it. 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 submarine destroyer will 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 built for. $48,000 to $50,000 or less, will carry 
six torpedoes. It will have, also, the incalculable advantage of being absolutely 
invisible to an enemy, and have no human lives to risk 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 in the case of the submarine boat is in the delicacy of the 
instruments employed. To the propelling device, the steering gear, the signal ap
paratus and the mechanism for firing the torpedoes are attached little instruments 
which are attuned to a certain electro-magnetic synchronism. 

"Then there is a similar set of synchronistic instruments all connected to the 
little 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 might 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 instruments 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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11 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 giYes 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. 

11 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. 

11 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. 

"In 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. 

11 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, fitted 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, together 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 2l~ l898) 

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 ·jdeas, this one, too, received the treatment of Marsyas, but it forms, never
theless, the basis of what is now known as "wireless 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 experimenter 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 large 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 skill. 

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 ~odel 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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Electrical 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 myself 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 asserted 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•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 the 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 poss-ibilities 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 all, 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, in 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 responsible 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 these 
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 
operation 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 incidental 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 in 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 referred 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 pile 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 customary position of the primary and 
secondary windings was reversed and the coil as shown in 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 
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method since, which I am using in the manufacture of coils and condensers, and 
without which it would be entirely impossible to reach any such results as I have 
obtained. The industrial 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 attempt 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 large dimensions, which, in 
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 accessories. So great is the 
conductivity of the air, that the discharge issuing from a single terminal behaves 
as if the atmosphere were rarefied. Another fact is 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 combustion 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 original 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 
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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•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. l, illustrative of the high rate of 
change obtained 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 PHOTOGRAPH 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 WI1H
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 THE READER, 
WHICH IS ILLUMINATED BY 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. 
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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. ll - 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 electrical vibrations of any pitch, which 
are needed in many novel arts; they have shown that electrical 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 controlled from a 
great distance without any tangible connection whatever and with absolute precision; 
they have proved the practicability of a system of signaling without wires, not 
with the imperfect appliances as before attempted, which can not be tuned and are 
rendered useless by the play of a small induction coil, but by means of apparatus 
producing powerful oscillations and circuits in exact synchronism, with which it is 
impossible to interfere; they have shown that atmospheric nitrogen can be readily 
combined and valuable products manufactured, merely by the application of cheap 
water power, and that light, diffusive like that of the sun, can be produced with 
an economy greater than obtainable in the usual ways and with lamps that never con
sume. 

N. Tesla. 

N2w York, March 26, 1899 



New York Sun 
Jan. 30, 1901 
TESLA'S NEW DISCOVERY 

57 

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: 

11 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, 
which 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 vibration, too, is dependent on 
two quantities, designated as electrostatic capacity and inductance. The capacity 
of the electric circuit corresponds to the pliability of the spring and the induct
ance to the mass of the weight. 

11 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 
fixed and unalterable at all. 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 Belgian and British patents. 

11 ln 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. 
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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. 

"Taking together the results of my investigations I find that this variation of 
the capacity and consequently of the vibration period is evidently 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 experiMents 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. 

11 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, determined 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. 

11 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 like 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 illuminating 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 violent 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. 

11 I have found that in almost all its actions the light produces the same effects 
as sunlight, 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 possible 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 exposing 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 the 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. 

11 The lamps 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
sumption. While 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 light
ing my transformer, or oscillator, 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 lamps 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 pla
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 will 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 Weekly 
Feb. 9, 1901, pp. 4-5. 
TALKING WITH PLANETS - by Nikola Tesla 

Editor's Note. -Mr. Nikola Tesla has accomplished some marvelous results in 
electrical discoveries. Now, with the dawn of the new century, he announces an 
achievement that will amaze the entire universe, and which eclipses the wildest 
dream of the most visionary scientist. He has received communication, he asserts, 
from out the great void of space; a call from inhabitants of Mars, or Venus, or 
some other sister planet! And, furthermore, noted scientists like Sir Norman 
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 Titanic forces 
of Niagara Falls, and the discovery of a new light by means of a vacuum tube. He 
has, he declares, solved the problem of telegraphing without wires or artificial 
conductors of any sort, using the earth as 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 WEEKLY Mr. Tesla present herewith a frank statement 
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 worlds is an old one. 
But for ages it has been regarded merely as a poet's dream, forever unrealizable. 
And yet, with the invention and perfection of the telescope and the ever-widening 
knowledge of the heavens, its hold upon our imagination has been increased, and 
the scientific achievements during the latter part of the nineteenth century, to
gether with the development of the tendency toward the nature ideal of Goethe, have 
intensified it to such a degree that it seems as if it were destined to become the 
dominating idea of the century that has just begun. The desire to know something 
of our· neighbors in the immense depths of space does not spring from idle curiosity 
nor from thirst for knowledge, but from a deeper cause, and it is a feeling firmly 
rooted in the heart of every human being capable of thinking at all. 

Whence, then, does it come? Who knows? Who can assign limits to the subtlety 
of nature's influences?· Perhaps, if we could clearly perceive all the intricate 
mechanism of the glorious spectacle that is continually unfolding before us, and 
could, also, trace this desire to its distant origin, we might find it in the sor
rowful vibrations of the earth which began when it parted from its celestial parent. 

But in this age of reason it is not astonishing to find persons who scoff at the 
very thought of effecting communication with a planet. First of all, the argument 
is made that there is only a small probability of other planets being inhabited at 
all. This argument has never appealed to me. In the solar system, there seem to 
be only two planets - Venus and Mars - capable of sustaining life such as ours; but 
this does not mean that there might not be on all of them some other forms of life. 
Chemical processes may be maintained without the aid of oxygen, and it is still a 
question whether chemical processes are absolutely necessary for the sustenance of 
organized beings. My idea is that the development 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 to obtain all the 
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 life-sustaining energy? 
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If there were such beings on one of the planets we should know next to nothing 
about 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 lamps, 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 might 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 million 
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 
labors will be placed before the world and their influence felt 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 
likely to be valuable in future meteorological observations and surveying, and will 
lend themselves particularly to many naval uses. 

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 positiv
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 were 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 
this 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 communication 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 the West I was not merely beholding a vision, 
but had caught sight of a great and profound truth. 
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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 during 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 fact 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, will, 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. This 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 
will come, unless man's ingenuity devises some means of replacing the exhausted 
coal supply with a fuel that will be equally efficacious - when the swift 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 the 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 navies 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 coalless age I see vast fields of vegeta
tion planted especially to serve as fuel. Each agriculturist will have his own 
reservation where the family fuel will be grown; a new industry will be born - the 
cultivation of fuel. 

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 Conservatior. 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 suffi.ce 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 11 siphon recorder 11
, 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 rule. 

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 this 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 in 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 their 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 WILL BE HARNESSED, SUGGESTS PROFESSOR LANGLEY'- by Professor S. P. 
Langley, of·the Smithsonian Institution. 

Lord Kelvin'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 utilize 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'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 
manufactories, filled with grimy operatives, while 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 ''all-beholding sun'', 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
pliances for catchi·ng their force. 
MAN'S WIT WILL SOLVE THE PROBLEM - by Rear Admiral R. B. Bradford 
Rear Aqmiral 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, 11 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 Unless some force is discovered to replace it, we will 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 will 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 ... 

Electrical World and Engineer 
Feb. 6, 1904, p. 256. 

A STRIKING TESLA MANIFESTO 

We reproduce 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. 11 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 issuing 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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Nt"~' York. Januan t, 1')04 

I wish to announce that in (tmuection wtth tht! (Ontmerciai introduction of my inventions I shall 
render profe~~ional services in the ~·eneral capacit.v of consulting electrician and engineer. 
The ncar future, I expect with conti~h.!ncr, will he a witness of revolutionary departures in the 

proJuction, transformation anJ transmission. of energy, transportation. lil{hHn,t:·. manufacturt of 
chemical compounds, tdegraphy, telephony and other arts and industries. 

In my opinion, these advances are certain to follow from the universal adoption of high-poten. 
tial and high-frequency currents and novel regenerative proct!s..<>es of refri~eration to very low 
temperatures. 

Much of the old <tpparatus will have to be improved. anJ nwch of the new developed, and l 
believe that whik furthcrin~ my ~)wn invention~. 1 :"hal! be more helpful in thi~ evolution by placing 
~tt the disposal t)f <.)thers the k1wwledge and cxpcricm:e I han: ~;tin~d. 

Special attention will be given by m~ to the solution of problems requiring I'Oth expert infor. 
mation and inventive resource·~~work coming- within the spher~ of my constant training and 
predilection. • 

I shall undertake the experimt?ntal inwstigation and perfection of ideas, method~ and appli. 
ances, th~ devising of ustful ~xpedients and. in particular, the design and construction of machinery 
tor the attainment of desjred results. 

Any task submitted to and accepted by me, wiU fle tarried out thorottghly and conscientiously. 

Laltorato':.t'• Long lslan~1, N. Y. 
Rm'dmu. Waldorf, N~ York City. 
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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. 

11 When 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.cheme 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 1 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 or· 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 American 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: 1 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 all the defects and deficiencies I may 
discover, in the interest of public welfare. 

11 A 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 
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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, New York: 

Dear Sir - Replying to your inquiry 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 percentage of the heat energy of the fuel could 
be transformed in motive energy by using, in place of the adopted marine engines 
and locomotives, dynamos driven by specially 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 fact 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 is 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 
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liners, on which the improvement is particularly desirable for many reasons. It 
is very likely that in the near future oil 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 commutators and brushes are very objectionable on an automobile. 
In view of this I would 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 low 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 is produced its advantages will be readily appreciated. 

Yours very truly, 
N. Tesla. 
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Electrical World and Engineer 
January 7, 1905, pp. 21-24 

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

By NlKOLA 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 growtli of. all great reformatory ideas of the past. 
Man, as a mass in movement, is inseparable from sluggishness and 
persistence in his life 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 stataclitic 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~rticulart'y 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, radium and 
polonium, by Mrs. Sklod~wska Curie, has likewise afforded me 
much personal gratification, being an eclatant confirmation of my 
early experimental demonstrations, of electrified radiant streams of 
primary matter or corpuscular eman:;1tions (Electrical Review, New 
York, IB96-1897), 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 ;1nd transformations we perceive. 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 
h~ve to be modified. 

So, too, as regards the organic world, a similar revolution of 
thought is distinctly observable. In biological and zoological re
search the bold ideas of Haensel 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;reation of complex organi!lms 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! 

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 quickly, not unlike a crystal suddenly 
forms in a solution which has been slowly prepared. But just as no 
effect can precede its cause, so this state can never be brought 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 Electrical World. 
© Copyright 1905, McGraw-Hill, Inc. All 
rights reserved. 
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So long as we are clearly. conscious of the expectation, that peace is 
to result from such a parliame~tary decision, so long have we a con
clusive 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 
defiriite expression to a common desire, will peace be assured. 

To judge from current events we must be, as yet, very distant 
from. that bliso;ful goal. It is true that we are proceeding towards it 
rapidly. There are abundant signs of this pro;ress everywhere. 
The race enmities and prejudices are decidedly waning. A recent 
act of His Excellency, the President of the United States, is sig
nificant in this respect. We begin to think cosmically. Our sym· 
rrc~tht:tic feelers reach out into the dim distance. The bacteria 
of the "Weltschmerz," are upon us. So far, however, univer
sal harmony has been attained only in a single sphere of interna· 
tifJnal relationship. That is the postal service. Its mechanism is 
working satisfactorily, but-how remote are we still from that 
scrupulous respect of the sanctity of the mail bag! And how 
mucl1 farther again is the next milestone on the roa'd to peace-an 
international judicial service equa11y reliable as the postal! 

The coming meeting at the Hague, now indefinitely postponed, 
can only consider temporary expedients. General disarmament 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 en 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
Jess 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 homceopathic treatment of the mar
tial disease 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
ferred. 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 wire!ess system was thrown in the naval waste 
basket in Washington, quite sans fa(01t. At that time I had already 
announced in the Century Magazine of June, 1900, my successful 
"girdling" of the globe with electrical impulses (stationary waves), 
and my "telautomata" had been publicly exhibit~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 Crcesuses of Promise-in "light" . storage 
batteries, "Ocean" telephony and "transatlantic" wireless telegraphy, 
yet remained to this day-Sisyphuses 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 speak of the advantages which might have been secured 
through the 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
provements, making it possible to direct such a torpedo, submersible 
at will; from a distance much greater than the range of the largest 
gun, with unerring precision, ppon 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 means. One of these devil-telautomata will soon be con· 

· structed, and I shall bring it to the attention of governments. The 
development of this art must unavoidably arrest the construction of 
expensive battleships as well as land fortifications, and revolutionize 
the means and methods of warfare. The distance at which it can 
strike, and the destructive power of such a q~tasi-intelligent ma
chine being for all practical purposes unlimited, the gun, the armor 
of the battleship and the wall of the fortress, lose their import and 
significance. One can prophesy with a Daniel's confidence that 
skilled electricians will settle the battles of the near future. But 
this is the least. In its effect upon war and peace, electricity of
fers still much greater and more wonderful possibilities. To stop 
war by the perfection of engines of destruction alone, might consume 
centuries and centuries. Other means must be employed to hasten 
the end. What are these to be? Let us consider. 

Fights between individuals, as well as governments and nations, 
invariably result from misu~derstandings in the broadest interpre
tation of this term. Misunderstandings are always caused by the 
inability of appreciating one nnother's point of view. This again 
is due to the ignorance of those concerned, not so much in their· 
own, as in their mutual fields. The peril of a clash is aggravated by 
n more or less predominant sense of combativeness, possessed by 
every human being. To resist this inherent fighting tendency the 
best way is to dispel ignorance of the doing~ of others by a sys
tematic spread of general knowledge. \Vith this object in view, it 
is most important to aid exchange of thought and intercourse. 

1Iutual understanding would be immensely facilitated by the usc 
of one universal 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 suitable. 
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 distinctive. The Italian is probably the most 
melodious and easiest to learn. The Slavic tongues are very 
rich in sound but extremely difficult to master. The German 
is unequaled in the facility it offers for coining and combining 
words. A practical answer to that momentous question 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 that an artificial con
coction, like Volapuk, will ever find universal acceptance, 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 reversion to the old Latin or Greek mother tongues, 
basing myself in this conclusion on the Spencerian law of rhythm. 
It seems unfortunate that the English-speaking nations, who 
are now fittest to rule the world, while endowed with extraordi
nary energy and practical intelligence, are singularly wanting in 
linguistic talent. 

Next to speech we must consider permanent records of all kinds 
as a means for disseminating general information, or that knowl
edge of mzllual endeavor which is chiefly conducive to harmony. 
Here the newspapers play by far the most important part. They 
are undoubtedly more effective than institutions of learning, li
braries, museums and individual correspondence, all combined. The 
knowledge they convey is, on the whole, superficial ani sometimes 
defective, 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 journalism .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 principa]]y useful as an indispensable ingredient 
of the cement of commercial· interest, that most powerful binding 
material between heterogeneous mass'es 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 pea,:c
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 senses 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 impeded 
by intervening bodies and shadows. To know each other we must 
reach beyond the sphere of our sense perceptions. We must trans
mit our intelligence, travel, transport the materials and transfer 
the energies necessary for our existence. Following this· thought 
we now realize, forcibly enough to dispense with argument, that of 
aU other conquests of man, without exception, that which is most 
desirable, which ~ould be most helpful in the establishment of 'uni
versal peaceful relations is-the complete A.NN{HILA.TION 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 has 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: 
DisscmiutJiion of inte/ligtJJct, transportation, and trat~smissioft of 
power. 

Referring to the first, the present systems of telegraphic and 
telephonic communication arc very limited in scope. The conduct
ing channels arc costly and of small working capacity. There is 
serious inductive disturbance, and storms render the ae"ice unsaf-e 
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 
indelinitcly augmented J,y resorting to the new principle of "in
dividualization," which 1 have more recently aunrn111ccd, permitting. 
the simultaneous transmission of thousands 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 cngag~d 
in the transmission of intelligence. But uew concerns 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 stHJ greater limitations. Some obstacles to rapid signaling, through 
them, seem insuperable. The attempts to overcome these have been 
numerous, but so far all have proved futile. The celebrated mathe
matician, 0. Hcaviside, and several able electricians following in his 
footsteps, have fallen into the singular error that rapid telegraphy and 
even telephony through ocean cables wou!d be made practicable by 
the use of induction coils. Inductances might be to some extent help
ful on comparatively short lines with thick paper insulation; on lona 
Jines insulated with rubber or gutta-percha they would be positively 
detrimental. Improvements will, undoubtedly, be made, but great 
electrostatic capacity and unavoidable loss of energy in the insulation 

· and surrounding 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 abolishmc"t 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, irrespective of location. Within a few 
years a simple and inexpensive device, readily carried about, will 
enable 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 globe. The invention will also meet 
the crying need for cheap transmission to great distances, more espe
cially over the.oceans. Tht small working capacity of the cables 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 1891, I hav~ denied the commercial possibilities of the 
syste111 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
tentous 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 (Eiectricion, 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 
~t 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,· however, are still to 
be realized, for I have ascertained that His Majesty the King of 
England, 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 
of 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 minimized. the C'on• 

· nection . of one of· the terminals of the transmitting circuit to the 
·ground having, itself, the effect of reducing the energy of thue radia· 
tions to about ~ne-half. Unde; observance of 'proper rules and arti
fices the distance is of little or no consequence, and by skill rw appli
cation of the principle of ':individualization,'' repeatediy referred to 
the messages may be rendered both non-interfering and non·inttar!er
abk Thi:i invention, which I have described in technical publica
tions. attempts to imitat~, in a very crude way, the nervous system in 
the human body: It was the outco~e of long-continued tests demon
strating the impossibilitY. of satisfying rigorous commercial require
m~Jtts by my earlier system·, based on ·simple tuning, in which the 
sdcctive quality is dependent on'. a single characteristic . feature. In 
this 13ter improvement the exclusiveness and non-interferability of 
impulses transmitted through a common channel result from co
op~rative association of a number of distinctive elements, and 
can be pushed as far as desired. In actual practice it is found 
that by combining only two vibrations or tones, a degree of 
privacy 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 right 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 distinguishable 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 greater working 
capacity than all tlae ocean cables combined. Once these facts are 
recognized this new art, which I am inaugurating~ will 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 advantages o! first 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 roundabout way of doing, but in reality it is as direct as the 
driving of a pulley from another by a belt. The idea is already being 
applied to railroads, and automobiles o.f 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. However 
paradoxical, it is true, that by the use of this invention, power for 
all industrial purposes 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 
meth2d is restricted to the use of a gaseous refrigerant, no known 
liquid permitting the attainment of a sufficiently low temperature 
of the transmission line. Hydrogen is by far the best cooling agent 
to employ. By its use electric railways can be extended to any de~ 
sired distance. Owing to the smallness of ohmic loss, the objections 
to the multiphase system disappear and induction motors with closed 
coil armatures can be adopted. I find that even transmission through 
a submarine cable, as from Sweden to England, of great amounts 
of power is perfectly practicable. But the ideal solution of the prob~ 
tern of transportation will be arrived at only when the complete 
annihilation of distance in the transmission of power in large 
amounts shall have become a commercial reality. That day we shall 
in<tad.e the domain of the bird. When the vexing problem of aerial 
navigation, which has defied his attempts for ages, is solved, man 
will advance with giant strides. 

Th;lt electrical ei1crgy can be economically transmitted without 
wir~s 'to ;my terrestrial distanc~, I have unmistakably established 
'" num~rou$ o\Jservations, experiments and measurements, qua1ita~ 
t•ve ;..nd quantitative. These have demonstrated that it is .practic
aLlc to distribute power from a central plant in unlimited amounts, 
w:th a Jr1ss not exceeding a small fraction of OJJt per cent.· in the 
tran.~missi~Jn, even to the greatest distance, twelve thousand. miles-

.. l, tbe opposite end of the globe. This seemingly impossible feat 
can now be readily performed by any electrician familiar with the 
d~sign and construction of my "high-potential magnifyinJ: trans
mitter,"· the mrJc;t marvelous electrical apparatu!l of which I have 
kn(Jwlerl~e, enabling the production of effects of unlimited intensities 
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in th'e earth and its ambiant atmosphere. It is, essentially, a freely 
vibrating secondary. circuit of definite length) very high self-induction 

·and smau·resistance, which has one of its terminals in intimate direct 
or inductive connection with the ground and the other with an ele· 
vated conductor, <Jnd upon which the electrical oscillations of a pri
mary or exciting Circuit are impressed under conditions of resonance. 
To give an idea of the capabilities 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 amperes, electromotive forces approximating twenty million 
volts, chemically active streamers covering areas of several thousand 
squart' feet, and electrical disturbances in the natural media sur
passing 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 tra~smission. 
This is .little, but corresponds, nevertheless, to the adding of sixty 
million indefatigable laborers, working virtually without food and 
pay, to the worltl's popul~tion. The projects which have come to my 
own attention, however, contemplate the exploitation of water
powers aggrega'ting 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 
futurus est deus aquae dtitctus I 

But the fact that stationary waves are 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
flection. 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 entire distance of about twenty-five 
thousand miles, equal to the circumference o£ the globe, the current re
quires a certain time interval, which I have approximately ascertained. 
In yiel(ling 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 achieve wonders which, before my discovery, could 
not have been conceived by the wildest imagination. A full account 
of my discoveries and improvements will be giv~n 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 carefully drawn. 

As stated in a recent article (ELECTRICAL \VoRLD AND ENGINEER, 

March 5, 1904), I have been since some time at work on designs 
of a power J>lant 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 practical realization of this undertaking is neces
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 dose of 
next fall. \Ve would then have at our disposal a unique and invalu
able machine. Just this one 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 kinds, 
for all imaginable purposes, could be operated from that one ma
chine. Universal time could be distributed by simple .inexpensive 
clocks requiring no attention and running with ll{'arly m:tthematical 
precision. Stock-tickers, synchronous movements and innumerable 
devices of this character could be worked in unison all over the 
earth. Instruments might be provided for indicating the course of 
a ,·essel at sea, the distance traversed, the speed, the hour at" any 
particular place, the latitude and longitude. Incalculable commer
cial advantages could be thus secured and countless accidents and 
disasters avoided. Here and there a house might be lighted or some 
other work requiri~1g a few horse-power performed. What is far 
more important than this, flying machines might be driven in any 
part of the \\Orld. They could be made to travel swiftly because ot 
. their small weight and great motive power. My intention would be 
to utilize this first plant rather as means of enlightenment, to col
lect its power in very small amounts, and at as many places as pos
sible. The knowedgc that there is throbbing through the earth 
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 industries of iron, copper, aluminum, in
sulated 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 years 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 terrestrial 
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 around the world. Alas t my first "world teleg
raphy" plant is nnt yet completed, its construction has progressed 
but slowly during the past two years. And this machine I am 
building is but a plaything, an oscillator of a maximum activity of 
only ten million horse-power, just enough to throw this planet into 
feeble tremors, by sign and word-to telegraph and to telephone: 
When shall I see completed that first power plant, that big oscilla
tor which I am desigui"g 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 deliver energy 
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at the rate of one thousand million horse-power-one 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 simple feat of scientific electrical engineering, only expensive
blind, faint-hearted, doubting world I . . Humanity is not yet 
sufficiently advanced to be willingly Jed 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 invention. 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 wa.s 
great in the past was ridiculed, condemned, combatted, suppressed
only to emerge all the more powerfully, all the more trJumphantly 
from the struggle. 
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TESLA ON SUBWAY DANGERS 
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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 obstruction 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. 11 

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 
in 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 0as eben ist 
der Fluch der' boesen Thut, das sie fortzeugend Boeses muss gebaeren. 11 

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 recalled 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 is very great, and in case of flooding 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 Electrical World. 
© Copyright 1905, McGraw-Hi 11 , Inc. A 11 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 this 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 Talking Round the World". 
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 when 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 discharges, 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 rendered 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 this 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 for 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 Commodore 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 that 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,11 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 will 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 world 
over. I can conceive of no improvement which would be more efficient in the fur
therance of civilization than this. 

N. TESLA 



Harvard Illustrated 
March, 1907 

92 

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, 
like our moon, must, in the course of eons, have all its mountains leveled, the 
valleys 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 11 canals 11 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 tremendous feats of engineering. They could 
not be accomplished by capturing the sun's rays or abstracting heat imparted to 
the atmosphere, for this, 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 lesser 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 similar 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 still populated; 
and furthermore, that its inhabitants are highly developed intelligent beings. 
Is there any other proof of such existence? I answer, emphatically, yes, prompted 
both by an instinct 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 philosopher has said, is but a continuous adjustment to the 
environment. 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 stimuli. 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
vable on the face of Mars could not have been wrought except by beings ages ahead 
of us in development. 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 sufficiently advanced in electrical science to know that 
their task is much easier than ours. The question is, can we transmit electrical 
energy to that immense distance? This I think myself 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 "Tuned 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 experience, 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. Anch 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 "tuned lightning" 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 devices 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 fore· 
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 into 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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New York Times 
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 New 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 machines, 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 ton~ 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 devices, 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 

New York Times 
March 26, 1907, p. 8, col. 7. 

WIRELESS ON RAILROADS 

Nikola Tesla Says It Is Perfectly Practical and Will Soon Be In Use. 
To the Editor of The New York 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 is in
dispensable for keeping 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 ~till 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 be 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 

New York Times 
May 2, 1907, p. 8, col. 6. 

NI(C)O~A TESLA OBJECTS. 

Thinks He Should Receive Credit for His Own Inventions. 
To the Editor of ~he New 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 have 
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
couraged 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 Eleatriaian, referring to some 
wireless plants of Braun and Marconi: "The 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 Mechanic and World of Science 
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
tur,e. 

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 thermodynamic 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 implies 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 itself, 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, all 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 aerial - 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 regime is that the effort of so 
many exquisite 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 Dreadnought'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 in 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 
height 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 600 ft. depth, 
counted from normal ocean level, will form, 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, would 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 fall. It will then sink 
far below the surface, never to rise. 

''N. 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 "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 than 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
mitter 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
able 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 small 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 the 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, like Bell, such powerful help as the Reis telephone, which 
reproduced music and only needed a deft 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 visible connection, 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 necessity 
suggested, but what I found as most desirable to invent, irrespective of time. Let 
me tell you only of one - my "magni.fying transmitter 11

, 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 this 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 inv
ention. Yet, it has left all the pressing material problems confronting us 
unsolved. 
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Now my wireless system 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 waterfalls 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 "inventor of some beauti-
ful pieces of electrical apparatus." · 
NIKOLA TESLA 
New York, June 21, 1907 

New 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 
mention a paper on "High Frequency Oscillators for Electro Therapeutic and Other 
Purposes", 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 painless 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. 

New 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 Editor of The New 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 across 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 interference 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. 



New York Daily Tribune 
Oct. 25, 1907 

TESLA ON WIRELESS. 
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Electrical Inventor Thinks Marconi•s Plants Inefficient. 
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 electric'al 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 11 art 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 have 
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 YoPk Times 
Dec. 20, 1907, p. 4, col. 4. 

MY APPARATUS, SAYS TESLA. 

Confident, However, That Wireless Telephony is Entirely Possible. 
To the Editor of the New 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 11

; (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 the 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. 

11A mass in 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 applications 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 lt 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 
1mpression. 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
fully 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 will 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
ing 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 
wires, 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 in the next few years wonders will be 
wrought by its application ... 

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 little 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 - merely 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 will 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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New York 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 hav~ 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 globe 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 in 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 
starting 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, notre,
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. 

If 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 
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Net.V York 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, however~ only the self-propelled machine or aerial automobile is in 
sight. While the dirigible balloon is rapidly nearing 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 solution 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 velocities 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 

New York Times 
Sept. 15, 1908 

TESLA ON AEROPLANES. 

Says Successful Heavier-Than-Air Flier Will be Different. 
To the Editor of The New 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 world 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 incredulity 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 "discoveries ... 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 helicopter is in these respects much preferable, 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 

New 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 singled 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 individuals 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 ~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 array 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 signaling 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 locating 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 
signal 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 covering four s~uare 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 difficult 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 
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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, that the earth 
itself is a reflector, not efficient, it is 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 there 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 oscillations 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 multiplying 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, interplanetary transmission of intelligence can be considered 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 like 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 in 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 the ground by warm sunshine, only 
to be injured and retarded in its growth by the succeeding frost. Another deter~ 
mining factor is 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. 

This 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 flying 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 actually 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 farms with exceptional 
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 replacing 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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MR. TESLA ON THE FUTURE 
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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, the 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 refined, 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. Heliographic 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 frequencies 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 that 
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 distances 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 immense 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 which 
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 well 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 instance 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 action 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 terrestrial areas. (See among others "Handbook of 
Wireless Telegraph," by James Erskine-Murray.) Thus the velocity propagation 
through the superficial layers is variable, dependent on the distance from the 
transmitter, the mean value being TI/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 kilometers. If the signalling 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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Slight current action negligible 

~~ 

Fig. 1 - Hertz Wave System 

Current through superficial layers: 

Speed(mean) ~ x speed of light. 

Fig. 2 - System Devised by Tesla 

R.. 

T, 

Resultant current to 
opposite point of globe: 
Speed(constant). 
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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 important 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 11 WIRELESS THUMB 11 ON SHIPS AT SEA 

Suggests Transmitters Powerful Enough to Cause the Earth to Vibrate at the Poles 
and Equator. 
He would Determ1ne 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. 11 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 reliJble 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 11 Telautomatics, 11 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 their 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 improvements, 
created new industries, advanced the mechanical and electrical arts and improved 
in many ways the conditions of modern life. 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 Electrical World. 
~ 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 
importance, but another patent of the former expert, dated June 28, 1904, contains 
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 



129 

a kind which are now known in technical literature 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 features 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 "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 el~minate 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 distinguish the voice of an engineer friend at Arlington, 
Va., was announced by the American Telephone and Telegraph Company as the most mark
ed triumph of it~ 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. 

11 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 in 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. 

11 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 than 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 princi-ples 
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. 

"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 producing 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. 

"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 "world system". 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. 

"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. 

"A 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 a~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 telephone 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 11 Ineffective, .. not 11 Inefficient. 11 

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 11 inefficient. 11 The inventor wrote that he wished to say that the 
apparatus was 11 ineffective ... 

11 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, 11 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. 

11 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 by 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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In most or 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 retuM1 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 of 

wn1ch are essential to the efficient and reliable opera

tion or the apparat~s. The necessity of, and absolute 

dependence on the~e, lim~ts the machine in many respects, 

detracting from its practical value and adding greatly 

to its cost of JT•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, mol"•eover, it fails to 

meet the requirements when the impulses are extremely 

sudden or rapid in succession and the fluid is highly 

heated or corrosive. 

Though these and other correlated facts were 

knovm to the very earlic:st pioneers in the science and 

art or mechanics, no reMedy has as yet been found or 

proposed to date so fnr as I am aware, and I believe 

that I am tho first to discover or invent any means, 

which permit the perfcrmance of the above function v:t th

out the use of moving p~rts, and which it is the object 

- 1 ... 
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of this application to oescribe. 

Briefly expressed, the advance l 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 

or the underlying principle it may be broadly stated that 

the interior of the conduit is provided with enlarGements, 

recesses, projections, baffles or buckets which, while 

offering virtually no resistence to the passage of the 

fluid in one direction, other than surface friction, con-

stitute an almost impassable barrier to its flow in the 

opposite sense by reason of the more or less sudden ex-

pansions, contractions, deflections, reversals of direc-

tion, stops a11d starts and attendant rapidly succeedin~ 

transformations of th~ pressure and velocity energies. 

For the full and complete disclosure of the 

device and of its mode of action reference is made to 

the accompanying drawings in whiCh 

~ 1 is a horizontal projection of such a 

valvular conduit with the top plate removed, 

Fig. 2 is side vieY; of the same in elevation; 

Fig. 3 is a diagram illustrative of the 

application of the device to a fluid propelling maehin~ 

such as, a reciprocating pump or compressor, and 

Fig. 4 in e plan showing the manner in uhich 

the ~nvention is, or may be used, to operate a fluid 

propelled rotary engine or turbine. 

- 2 -
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Referring to Fig. 1, 1 is a casing or metal or 

other suitable material which may be cast, milled or 

pressed from sheet in the desired form. From its side-

walls extend alternatively projections terminating in 

buckets 2 which, to facilitate manufacture. are congruent 

and spaced at equal distances, but need not be. In addi-

tion to these there are independent partitions 3 which 

are deemed or 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 ·is closed by a fitting plate 6 as 

shown in. fig. 2. .When d~.sired any nunioer or such pieces 
-; 

may be joined in series, thus making up a valvular con-

du1t of such length as the circumstances may require. 
~ .·.....a..,..u.. ....... \~;\.1~'\.wtlo.,•Yt ,...,.. ....... ~ ...... ;.::,·..lfli.·'·'.•·' .. ;'(·.~~.:-~ .. -:· •1•.1'~(;-'1'-C·~.;-: :·.... • ...... I ....... :. ••• ::;.::· ...... :.:..·.·!\~ ... ~ .. >.... ·~ ~ •.. L ·:··!~ 

In elucidation or the mode of operation let it 

be assumed that the medi~~ under pressure be admitted at 

5. Evidently, its approximate path will be as indicated 

by the dotted line 7, 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, the fluid being quickly deflected and re-

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 

direct the stream upon the buckets and to intensify the 

actions causing violent surges and eddies which interfere 

.. 3 -
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very rna terially 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 it is supplied ·in 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 and gives rise to movement in the 

opposite direction. The device not only acts as a 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 deter•mined; 

first, by the magnitude of the ratio of the two resist

ances offered to disturbed and to undisturbed flo~, re

spect! vely, in the directions fr'om 4 to 5 and ft>om 5 to .4, 

in each individual element of the conduit; second, by the 

nurnber of complete cycles of action taking place ll1 a giv

en length of the valvular channel and, third, by the char

acter of the impulses themselves. A fair idea may be 

gained from simple theoretical considerations. 

Examining more closely 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 W1dcrgoes 

two complete reversals or deflections thr·ough 180 degrees 

while it suffers only two small deviations fro:r.1 nbout 10 

to 20 degrees when movinG in t.he opposite Aense. In each 

-1-
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ease the loss or head will be proportionate to a hydraulic 

coett1c1ent dependent on the angle ot detlectlon rrom Which 

it follows that, ror the same velocity, the ratio or the 

two resistances will be as that or the two coefficients. 

The theoretical value of this ratio may be 200 or more,but. 

must be taken as appreciablJ lese although the surraee 

friction too is greater tn the direction or disturbed flow. 

In order to keep it as large as possible, sharp bonds should 

be avoided, tor these will add to both resistances and re-

duee the efficiency. Whenever practicable, the piece 

should be straight; .the next best is the circular form. 

That the peeuli&r function of such a conduit is 

enhanced by increasing the number of buckets or elements 

and~ consequently, cyclic processes 1n a given length is 

an obvious conclusion, but there is no direct proportion-

ality because the successive actions diminish in intensity. 

Definite limits, however, are set constructively and other~ 

wise to the number of elements per unit length of the chan-

nel~ and ~he most economical design can only be evolved 

t:hrough long experience. _ , ., . ... -· _ 
,.~ ... , ... ,., ~· _.., .. ~ .......... ~,,......,-... .,.~,~,~·~,,··a:~ . .._,.~\ ... ·.,.. -·~.-'!'<<~ .... ..- .. ":..· .... ~ -~: i'<t- ..... •· ~"'-~ .. ~~ ... \;fl.-.t._•,r~~~~:d.:~~-;· ... i!,.,.:·. -.•::-:ri;?{-~::',..~~ ... ~:~r \.' .... "\=·-~•):~~>·;_~ ., . .,.,:·•·. ~·. _.'Jtr 

· Quite apart rrom any mechanical features of the de-

vice the character or the impulses has a decided influence 

on its performance and the best results will be secured, 

when there are produced at 4, sudden variations of pres-

sure in relatively long intervals, while a constant pres-

sure is maintained nt 5. Such is the ease tn one or it~ 

most valuable industrial applications which will be spec-

ifically described. 

In order to conduce to a better understanding, 

reference may first be made to Fig. 3 which illustrates 

anotber opecial use and in which a is a piston fixed to 
-5-
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a shaft 9 and fiLting freely in a eylinder 10. The latter 

is closed at both ends by flanged heads 11 ond 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 of the heads is similarly equipped. For the sake or 

simplicity these devices are diagrammatically shown, t.he 

solid arrows indicating the direction of undisturbed flow. 

An extension of the shaft 9 carries a second piston 17 ac-

curately ground to end sliding easily in a cylinder 18 

closed at the ends by plates and sleeves as usunl, Both 

piston m1d cylinder are provided with inlet and outlet 

ports marked, respectively, 19 and 20. This arrangement 

is familiar, being repre.sente.tive of a prime mover of my 

invention, termed "mechanical oscillator", with whicn'it is 
I 

pl"'actlce.ble to vibrate a system or co;1siderable weight 

many thousand ti;nes per/minute. 

Suppose now that such rapid oscillations are 1m-

parted by this or other means to the piston 8. Beo.rin G in 

mind the proceedlng,the operation of the apyarat.us will oe 

understood at a glance. While movinr, in the direction of 

the solid arroTI, from 12 to 11, the pis ton 8 wi 11 com-

press the air or other medium in the comp:J.J ... tmen t 16 and 

expel it from the same, the devices in the piston and bend 

11 acting, respectively, as closed and open valves. Dur-

ing the movement of the piston in the opposite dir~cti~n, 

fr•om 11 to 12, thA medium which has meanwhile filled the 

chamber 15 will be trans,ferred to compartment 16, egress 

boing prevented by the device in heed 12 and that in the 

piston allowinG free pass~ge. These procesoes will be · 

repeated in very quick succession. If the nipplef> 4 

-6-
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and 5 are put in communication with independent reservoirs, 

the oscill~~ of the piston 8 will result in a compres

sion of the air at 4 and rarefaction of the same at 5. Ob-

viously, the valvular chan~els being turned the other way, 

as indicated by dotted lines in the lower part of the fig-

ure, the opposite will take place. The devices in the 

piston have been shown merely by way of suggestion and can 

be dispensed with. Each of the chambers 15 and 16 being 

connected to two conduits as illustrated, the vibrations of 

a solid piston as 8 will have the same effect and the mach-

ine will then be ~ double acting pump or compressor. It is 

likewise unessential that the medium should be admitted to 

the cylinder through such devices for in certain instances 

ports, alternately closed and opened by the piston, may 

serve the purpose. As a matter of course, this novel method 

of propelling fluids can be extended to multistage working 

1n which case a number of pistons will be employed, prefer--

ably on the same shaft and of different diameters in con-

formity with well established principles of mechanical de

sign. !n this way any desired ratio of compression or de-

gree of rarefaction may be attained. . 
"~~'-"'......:"":;~_..;.;.·.~.,. .. " ' ; .• ·~ ... ' ,...,J ·~·.,..w) t-.·,;:~ .;., ...... ~" ~- ~· t •. _ .. : ...... •·· ~..:...,·-:·1.\Jr·: :1" '•;.:'t·~ ,.,. ;.~ ""'Q', .;:~:~._ .. ,~. ··.i· ... ,u.··:. • .,....·.:.~·.;.q •,;... • ...., ,.; 

•• ~ ..... ..s .. ,.,..: • ..--~- Fig. 4 exemplifies a particularly valuable applies ... 

tion of the invention to which reference has been made 

above. The drawing shows in vertical cross section a tur-

bir.e which may be of e.ny type but is 1n this instance one· 

invented and described by me and supposed to be fa.r.1il j nr. to 

engineers. Suffice it to state that the rotor 21 of the 

same is compoGed of flat pl&.tes which are set 1n motion 

through the $dhes1ve and vi~cous action of the worl~in r-. flu

id, entering the system tanccntially at the per·ipher~' and 

leaving 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 

or any other prime mover, it being demonstrated in practice 

that ench sir.gle disk of the r·otor is capable of perform

ing as much work as a whole bucketwheel. Besides, a number 

of other advantages, equally important, make it especially 

adapted for operation as an internal combustion motor. This 

may be done in many ways, but the simplest and most direct 

plan of 'Which I am awa.re is the one illustrated here. Re

ferring again to the dra~ing, the upper part of the turbine 

casing 22 has bolted to it a separate casting 23, the 

central cavity 24 cf vlhich forms the combust ion chamber. 

To prevent injury through excessive heating a jacket 25 

Dl8Y be used, or e1se water injected, and when these means 

are objectionable recourse may be had to air cooling, this 

all the more readily as very high temperatures are pract

icable. The top of canting 23 is closed by a plate 26 

with a sparking or hot wire plug 27 and in its sides are 

screwed two valvular conduits communicating v1ith the cent

ral cha:mbel., 24. One of these is, norm.R.lly, open to the 

atmosphere while the other connects to a source of fuel 

supply as a gas main 28. The bottom of the combustion 

chamber terminates in a suitable nozzle 29 which consistn 

of separate piece of heat resisting material. To regulete 

the influx of the explosion constituents and secure the 

proper mixture the air and gas conduits are equipped, re_

spectively, with valves 30 and 31. The exhaust openings 

32 of the rotor should be in communication with a venti

lator, preferably carried on the same shaft and of any 

sui table construction. Its use, however, while ndvnnt

ageous, is not indispensable the suctlon produced by the 

turbine rotor iteelr being, in some cases at leaot, surfi-
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ei~nt to insure proper working. This detail is omitted from 

the drawing as unessential to the understanding. 

But a few words will be needed to make clenr the 

mQde or operation. The air valve 30 be1ns open and spe.l"k-

1ng e~tablished across terminals 27, the gas. is turned on 

slowly until the mtxture 1n the chamber 24 reaches t~e 

critical state and is ignited. Both the conduits beh.e.Ying, 

with respectto eftlux, as closed valves, the products of 

combustion rush out through the nozzle 29 acquiring still 

greater velocity by ~pansion and, imparting their• momentum 

to the rotor 21, star~ it from rest. Upon the subsidence 

of the explosion the pressure in the chamber e~nks oelow 

the atmospheric owing to the pumping action of the rotor 

or ventilator •nd·new air and gas is permitted to enter, 

cleaning the cavity and channels and making up a fresh 

mixture ~nich is detonated as before, and so on, the sue~ 

eessive impulses of the working fluid producing an almost 

continuous rotary effort. A 1'ter a short lapse or tin:e the 

chamber becomes heated to such a degree that the ignition 

device may be shut off without disturbing the established 

regime. This manner or starting the turbine involves tbe 

employment of an unduly large combustion chamber which is 

not commendable from the economic point or view, for not 

only does 1 t entail increased heat losses but the explosio~·S 

cannot be made to follow one another /with such rapidity ~s 

would be desirable/ to insure the best valvular e.ctiC'·n. .·~hen 

the chamber is small an auxilliary means for starting, as 

compressed air, may be resorted to and a very quick sue~ 

ceso1on of explosions can then be obtained. The frequency 

will be the gren.ter the stronger the suction, and may, untlE.n"' 
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certain conditions, rench hundred and even thousands per 

second. It scarcely need be stated that instead of one 

several explosion chambern may be used for coolinc 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 bting 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 end 

thus meets the pressing necessity of a self-contained, 

powerful, light and compant internal combustion motor for 

ger;eral work. V,hen the attainment of the highest effie-

iency is the chief object; as in machines of large size, 

the explosive constituents will be supplied under high 

pressure and provision madefor maintaining a vacuum at the 

exhaust. Such arra.ngements are quite familiar and len:l 

themselves so easily to this improvement that an enlal"ge-

ment on this subject is deemed unnecessary. 

The foregoing des cr1ption will readily suggest t·o 

experts modifications both as regards construction and 

application of the device and I do not wish to limit my-

self in these respects. The broad m1dcrlying idea of 

the invention is to permit the free passage of a. fluid 

through a channel in the direction of the flow and to 

proven t its return throuch friction and mass resistance, 

thus enabling the performance of valve functions without 

any moving parts and thereby extending the scope and use-

fulness of an immense V£".r1ety of mech~nicE.tl nppJ.iE-mces. 

I do not clrdm tho methods of and nppnrn tu!J for 

the propulsion of fluids and thermo-dynnmic transforma.-
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tion of energy herein disclosed, as Ulese VIill be nwde 

/ s~of separ~te applications. 

-- ·--- _ What I claim is: @ 
--- z...;, -:::://-

\- 1: A valwi-ar-conctuit having interior walls of 

s~p conformstion as to permit the free passage of fluid 

thr~~~it in the direction of flow, but to prevent its 

return y friction and mass res is tan ce. 

~A valvul~r conduit corr.posed of a closed pas

a(!.eway haviri-,recesses in its walls so formed as to permit 

a fluid to pas\ freely through it in the direction of f lo,v, 

but to deflect s\id fluicLarJd --th.~reby interpose friction ·\ _.. ............" . 
. ~ 

and mass resistancevto th~ rctu_rn pes~age of the same. 
_ .. · ., .. 0· \,l . .J_ - b t 

,.. ... ~.:-·A'· valwl~)\ conduit compos.~d of a tube or passage 

vra.y Wi~~ rigid -~-terio~\lls f~r."'ad./with a series of re

ceoses or pockets ~ith_su~faces that deflect a fluid tend-

inr, to flow in one direction·\therein, and to check or pre

vent tbe flow of the fluid in\hat direction. 

4: A val,~lar conduit ~~th rigid interior walls 
\ 

\ 
of such character as to offer substantially no obstacle to 

\ 
the passage through it of fluid impulses jn one direction, 

but to oppose and check those in the opposite direction. 
\ 

5: A val '\""Ula.r conduit with rigid interior vralls 

formed to permit fluid impulses under pressure to pass 
\ 

freely through it jn one direction, but to deflect them 
\ 

and check their proGress when impelled in the opposite 

\ direction. 

6: A va1vulal'' conduit l'.'ith rigid interior wn'lls 
\ 

which permit fluid impulses to flov: throur,h it freely in 
\ 

\ 

one direction, formed at a plurality of points to deflect\\ 

- 11 -
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such fluid impulses when impelled in the opposite direc
'-
' tiop and check their flow. ,, 

___,...,..._ _ __,..._.___....,......__,.--__,_.~ ... -........-~-~~ ... ---- .... ""- " -- --- ~· ----..--- ----... ~--- .. 

7~ A valvular conduit with rigid interior 

walls having pockets or recesses, and transversely in-

elined inter-mediate baffles to permit the rree passage 

of fluid impulses in one direction but to deflect and 

check them when impelled in the opposite direction • 

.. ~ -
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In l~timony whereof. .......... l .......... affix . . my ...... . ~ignature. .iR {he f:IF'e!ettee-

--of '"'O ,,,/,scrihHt~ tttif;tesses. 

Nikola Tesla, 

............................................................................... ............. the above-named petitioner 

being dul;y sworn, deposes and says that he. -is- a 

of the United States, 

citizen 

and resident 
of. Nevr Yo~:\{, in_ tt·~ ... Cc>Unty_ 0:.1~~-.Stat~ .. o.r. ~i.e\7 York, 

that he verily belie-ve s himself to be the original, 

first, and .s.o.le ...... inventor of the improvements in 

....................... _. __ ........... V.~.l -r~ l ar. ... C o.n.9.u ~ t _, 

........................ ................. described and claimed in the annexed 

specification; that ..... h~--. doeo not k.no'ID and does. not be/;eve the same were 

ever k.nou:_n or used before llis .. invention or discovery thereof, or patented or 

described in any printed pub/;caUon in the United States of Amerka or in any 

foreign country be/ore .. his ... invention or disco'Ver;y thereof, or more than two· 

years prior to this application; or in pubUc use or on sale in il1e United Stales 

/or more than two years prior to this application; that said in-vention has not been 

patented in an_y countr_y foreign to the UnUed Stales, on an application filed 

by him or his legal repesentatives or assigns mort' than twelve months 

prior to this application, and that no application for patent on said impro-vements 

has been filed b;y ... him or ......... his ..... .legal represenlati'Ves or assigns in anJ) 

country foreign to the United States. 

Jnv•ntor'o full nom~ here: { 



''Ti-n Crtr'l"''Miuio"er nf Pl~f'l'h, 
W."h'n'jhJn, D. c.,·r 

••tl ~ot •"Y ulr.ti•l ly "'"''· 

149 

DEr.'~RTMENT OF THE INTERIOR 

Papor N(•. _ 2-1~--
Att ('Ctttmuulfatf,,i, .. r'"'t"'~! i 1 1~ ... th~r. 

•rrlfrut'''" Ghi.H,jrJ ~:\{' :, ~ .. ,.,.I ,u,,.l,tr, 

dalecl O!rror. Uti~,,! i ,, ""'I"''· 1<>1 
Dcllt• Ill tbt- •. ;'. -•n(~ 

UNITED STATES PATENT OF'FIQE 

WASHINGTON --··-------J.'~n~--~-•---1--~_J.:§.'! ............ . 

_________ K.exr.,. .. l?age , .. Co.oper ... & .. llu.yw.oo.d , ..... . 

l
u. s:-f>A t-f~~~ -0-r;;.··"CJ 

v£. 1
/ 

JUN ~ l~llr; I 

MAIL.~Df 
------ - t 

Plr..a.se find h~lcw a Mmmttni<'ation from tM £J.'Afrf/N£R in, c1~.-ar,l6 of the n,ppUcaiion ol-

--------·- 5_!;) ___ LJbe.rt.v. ... St .•. , ... _________ -------------- __ _ 

----------·~~-"~_.X o.l:'.~ .•... N -~---Y , __ ....... ··----·-----------·---...... _ 

-------- Nikola--Tesht.-,- -filed---Fe-b-.---21-t- 1916--1 - #.'7-9--f-?03.--------.V.AlrroLATI---IA'IlT-D~-IT. 

( &-2&31 

This case hns been exaMined. 

The claims are all ~eject~d on either patent: 

German to Lobe, 501 of 18?7, Class 13?.75 

" " J .. uppa, 19~~ ,5RO of 1r.os, Class 13?. ?G (x) 

" "Overhoff, 224,?bP, of 1910," 
,, 

" 



Dl v. :J.~------ J!oom ------~-?1 
~,1.r .. ~~ ,,,.z1 

"The Commiuicuer of Patents, 
W:tthit.~lon, D. C.,'' 

111d not '"Y official by ,. • .,. •• 

150 

LU/~.lTH 

Pn.por No .... ~) _____ _ 
All4"ummunl.:eth•n• ""~r~ctlnK thlf 

•rrllcatiun fthoniJ ~h·e tt,C" "--r••luun.twr, 
clot to ulllllnr. tille .>tin' ··n•i"n, aad 

n•D\• of thr •1•plkeut. 

DEPARTMENT OF THE INTERIOR 

UNITED STATES PATENT OFFICE 

WASHINGTON ••... liO.Y.a ... 25.,. .. ~~l.G .• ____ ·----------· 

-----~~r-~~.J~~-6~_,_ ___ QQ.~P..~E. •. ~?. ___ !;E:~:r:-~ __ t__ __ _ 

5.5 . ...Libe..r:tY-.. ..St .•.•.......... --------------·----------·--·----------

,-- . 

'
ll.~ .• ~l-. '\ '-1 \ \ 

! 
I Ncv .'! :: I , :I 

•. ..Ne.w .. Yor.k. .. Ci.t.y_._ _______________________________________________ _ ·:~../ ,:\ I l ·~-. ("- I 
----. ': ~- ___ -:'_j 

Please find below a 001nnmnication from tM EXAM/HER in charJ!e of the application of 

.. , .. l:U .. kQ.l~ .. !e.§_lg._._ •. .S.~-,:., __ _l{Q.t ••• .7.~ .... ~.Q~_. .•. !J.l_~~--~~]? __ L_gl. _ _,_ ___ ~~-~§ ___ jg_:;: ___________________________ _ 

___ .. Y .al-'V.U.l..e.r ... .C..O.nduit ...... ____________________________________________ .. ______________________________________________ --------------------· 

This is supplementary to the Office action of June 3, 1916. 

The olaims are all rejecte~ upon the Svnss patent to 

Edwards, 18,298 of 1898, (Klasse 95), 137-112. 

See especially Fig. 1a, Fig. 3 and Fie. 4 in this patent~ 

The Ex~nin~r regrets that the s~~s£ patent was not discovered 

in the first search, it having been :found now in another cls.ss of 

art in tho O:ffi ce. 

Applicant has one year from this date in whjch to amend 

his case. 

Examine~, Div. 39. 



Nikola Tesla 

Valvular Conduit 

Filed February 12, 1916 

Serial No. 79,703 

151 

Serial No. 79'7oPaper No.+ 

Amendment a_ 

Chicago, Ill., November 23, 1917. 

Hon. Commissioner of Patents, 

Washington, D. 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; 

- - - -I 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 goo, 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 

of an effective valvular conduit, as herein described, and the 

1. 
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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

cating and rotary engines. 
------------------

~ Cancel cl~ims l to 6 inclusive, and substitute --

a
~ 

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 bu~~subject it to rapid reversals 

of direction when impelled in the opposite sense and thereby 

to prevent its return by friction and mass resistance. 

I 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. 

[Th~s page retyped from origin.at for better readability. - Ed] 



153 

when impelled in the opposite sense. 

6. A valvular conduit with rigid interior wa~ls which per

mit f1uid impulses to flow through it freelY 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 

specification 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 ~xaminer 

will readily grasp the distinctions th~s 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 statements of the in

adequacy of the reference to meet this case as above presented. 

As to claim 7, the intermediate baffles are distinctive. 

Chicago, Illinois, this 23rd day 

of November, 1917. 

3. 

Ni~ola Tesla 

(This pa~e retyped from original for better readability - Ed.] 
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o~ ~·~ .. :s:~ 
This is in reply to the amendment filed Nov. 24,191?. 

Applicant's new claim and his argument h~ve been care-

fully considered. 

The advantages of applicant's device over any that appee . .r-s 

in the record are recognized but the broadest x·e~sonable interpre-

tatior; must be siven to the language of claiJns. Inasmuch as neither 

in applicant' e device nor in the reference of record is there a com-

plete prevention of the re,rersal of flow,apparently the term 

''valvular'' may be correctly epplied to the deYices patented and 

especially in those sbovm in the Swiss pet ent ar.d cited in the 

last Office letter·. If this posit ion is correct apparently preeer:t 

claitr.a 1, 4, and e are clearly anticipated by the Sw:ie.s patent. 

Claims 2 a..t1d 3 wh:ich recite a construction in which the pock
are 

eta/formed not by thickening the wall by mea~s of projections but 

by removing portions of the well appear'to be allowable es advi3ed. 

Claim 5 reciteo a capacit.y in the device of producing re:-

versa.le of direction through 360°. Even in connection with apJ-}j-

cant'a addition to the apeci:(ice.t:lon this feature :is nc.t quite c'lear, 

inasmuch ae the "cycle" referred t.o :in the edced text is r.ot certe.in-

ly defined. Action on the merits of claim 5 ie therefore defexrt-d. 

Claim 7 retained ie now thought to be allowable as advised. 
Claims 1, 4, and 6 muet be rejected. e 

a-..-'t':".k~-~ <ZZ-<9---~-- -~--
. 1 (f Ex ami nP:r-. 
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Nikola Te sle NEW YORK, 8 WEST 40TH. ST. 
Valvular Conduit 

File Q. February 12,1916 
y· 

Ser i&l N.:>. 79,703 

TEL. 23 VANDERBILT. 

Decembe:r;- 14, 1918 

Hen. Commissioner of Patents, I 
I 

V.'e s h5.ngton, D. C • 

Sir: 

,.,..-:; .. 
oti" .. 

_,~/ 

HICHrREQUENCY DYNAMOS ;/) 
LIGHTNING PROTECTORS P. 
INTERF'EIUNCE PREVENTERS 
OSCILLATION TRANSF'ORME'RS 
SCIENTIFIC NOVELTIES 

-r, 
,r 

\ 

Referrine to Official Letter o:!' December 17, 1917 in reg2rd 

to tte above application end argument su.bmitted Noi.·ember 24, l9l7, I 

be~ to amend as follows: 

Add to last nevned argmnent on lir.1e 4, pag·e 2, followir.u; 

stntement: 

4he high efficiency of' the device, irrespective o:f the 

chsn:cter of the pulses, is due to two causes: first, rapid reversel 

of direction of flow $Dd, second, greet relative velocity of tbe ~ol

liding f'luid colu.-nns. Ae will be readily seen each bucket c:F.Juses e 

?·t) 
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lion. Commisei one r Of raten ts ,-... ::·~~4 
,• I 

o/' o / deviation through an anglo o:f 180~ and another change of lSOv 

ooonrs in each of the spaces 'J:letween two adjacent buckets. That 

is to eey, from the time the fluid enters or leav~s one of the 

recesses to its passage into, or exit from·, the one i'ollO\ving n 

cc:mplete cycle, or de:fle otion through 360~ is ei'fected. Observe 

now that the vela city 1 s but slightly reduced in the revClrsel so 

thet the incoming and deflected fluid columns meet with s relative 

SFeed, twice thnt of tho flow, and the energy of their imps.c!t is 

four tirnes greater than with a deflection o:r onl~r goo/,' as might be 

obtained Wltb pockets SUCh BS have been employed :tn asymmetricnl 

conduits for various :purposes. The fact is, however, that in thef:e 

such deflection is not ~ecured, the packets remaining filled with 

comps:rotively quieacent :fluid Bl',ld the latter following a winding 

path of least resistance between the obstacles interposed. In .E:uch 

conduits the action cannot be characterized es ~valvular" becnuue 

some of the :fluid c&n pass almost unimpedGd in a direction C;ppOEi.te 

to the normal flow. In my construction, as above iniiicsted, the:; 

re::dstancc in the reverse mey be 200 times that in too ncrmr..l oi~ 

reot1 on. Owing to thif1 s comparatively ver.; smell uumoor of bue;ket~ 

or elements is required for checking the ·fluid. To give a concrete 

Q/~.1dE<a, au.ppose th.Rt the leak from the first element is rejn·ese.rJtec, 
~l t~ '--------~ th . 

~""' ~L ·~ ~~-.. :rr_e_~:~~~on~ then after the 'flLl bucket 1s traversed, only e 

• /~ quantity cn~w:!.ll escape and it is evident thnt X need net be a 
~·-- I ._ ~/-

~..,, 
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Ron. Commies 1onor of Patent c' 
- "'"'·"" .. ·~_,· .(· / ._"" 

,..._,. J I' 

large number to secure ~ nearly perfect valvular action. 

I believe that the preceding wil~ meot the Examiner's 

wir~h :for explicitness in rec-ord to claim 5 and also satisfy him 

that the charEcterisetion of the action of my aevice is entirely 

justified in fact nnd elso as distinctive from the prior art. I 

trust, therefore, that in viow of th~ importance of the iuvention 

and the deRirability of using a fitting t£rm, clai":lo 1, 4 ana. 6 

may be allowed in their present form. 

Roconsideretion is respectfully requaEted. 
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2-181 Serial No. 

DEPARTMENT OF THE INTERIOR 

UNITED STATES PATENT OFFICE 

WASHINGTON Jan. 6 t 1919 • 

Nikalo Teela, 

Sir: Your APPLICATION for a patent for an IMPROVEMENT in 
Valvular Conduit. 

~ filed Feb. 21 1 1916. , has been examined and ALLOWED. 
~ The final fee, TWENTY DOLLARS, must be paid not later than ~ 
M SIX MONTHS from the date of this present notice of allowance. 
~ 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 $15, under the provisions of Section 4897, § 
< Revised Statutes. ~ 
~ The office delivers patents upon the day of their date,and ~ 
~ on which their term begins to run. The printing, photolitho- H 

~ graphing, and engrossing of the several patent parts, prepara- ~ 
tory to final signine and sealing, will require about four ~ 
weeks, and such work will not be undertaken until after payment 
of the necessary fee. § 

When you send the final fee you will also send, DISTINCTLY ~ 
AND PLAINLY WRITTEN, the name of the INVENTOR, TITLE OF INVEN- ~ 

rz1 TION, AhTD SERIAL NUMBER AS ABOVE GIVEN, DATE OF ALLOWANCE rn 
~ (which is the date of this circular), DATE OF FILING, and, if ~ 

assigned, the NAMES OF THE ASSIGNEES. ~ 
~ If ynu desire to have the patent issue to ASSIGNEES, an ~ 
~ assignment containing a REQUEST to that effect, together with ~ 

the FEE for recording the same, must be filed in this office on 8 
~ or before the date of payment of final fee. · b:l 

ra. After issue of the patent uncertified copies of t.he draw- txJ 
ings and specifications may be purchased at the price of FIVE > 
CENTS EACH. The money should accompany the order. Postage g 
stamps will not be received. ~ 

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 the Patent Office. 
0 z 
H 
~ 

Respectfully, 

~ 

~ ~~~. c)C~~ 
; (} Commissioner of Patents. 

~ .... !r.,_rx:~.li'"f:~ .. -~-: :~:.:· . ~::!l~Y~ ttr ~ , . . . . . .. 
-----·········--------------- .. ·--·- 5 ..... ---~-------------- ... ---------- ----------------

----------------------------~-~-~- .X9.::r. k •. -»-~ __ y.._ --------------------------------- __ 

:?3 
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Your petitioner, l'JIKOLA TESLA, a citizen of t!~e 

United States e.nd a resident of New York, in the Count:l 

o.nd. State of New York, whose postoffice address is 8 VteEt 

40th Street, New York, N.Y., represents that on February 

2.1, 1916, he filed an application for letters patent for 

an improvement in Va.l"t'-:llar Condui te, Serial No. 79,703, 

which application was allowed on January 6, 1919, but 

thAt he failed to make payment of the :final fee within the 

time allowed by law. He no\·; ma.J::es renewed application 

for letters patent for said invention, e.nd prays that t:r.e 

origj nal specification, oath and· dravdngs rna.y be used as 

F. part o:f this apr:li cation 

this ?~-!day of July, 1919. 



160 

ADDRESS ONLV 
THt COMMISSIONLR Oi- rATENTS. 

WASHINOTON. t'. C. 2-181 Serial No. 309 ,4e2 

DEPARTMENT OF THE INTERIOR 

UNITED STATES PATENT OFFICE 
WASHINGTON July 15, 1919. 

Nikola. Tesla, 
Sir: Your APPLICATION for a patent for an IMPROVEMENT in 

VALVULAR CONDUIT. 

~ filed Fev, 21
1 

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. 
~ If the final fee be not paid within that period, the patent on 
~ this application will be withheld, unless renewed with an ~ 

~ ;:~~!!~n;~a~~~e~: $15, under the provisions of Section 4897, ~ 

~ The office delivers patents upon the day of their date,and ~ 
~ 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 

0 
H of the necessary fee. =x: 
~ When you send the final fee you will also send, DISTINCTLY ~ 
~ AND PLAINLY WRITTEN, the name of the INVENTOR, TITLE OF INVEN- ~ 
ril TION, AND SERIAL NUMBER AS ABOVE GIVEN, DATE OF ALLOWANCE Cl2 

~ (which is the date of this circular), DATE OF FILING, and, if ~ 
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 ~ 

the FEE for recording the same, must be filed in this office on 8 
~ or before the date of payment of final fee. ~ 
~ 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 g _ 
~ stamps will not be received. ~ 
ril Final fees will NOT be received from other than the appli- 8 
~ cant, his assignee or attorney, or a party in interest as shown ~ 

0 
z 
H 
8 

by the records of the Patent Office. 
Respectfully, 

(-1 : o~mm~·sio~~~ 
••....... ~!.'!'.~ .. !'.~g~_, ___ !)Q.QJl~ r ... &. .. !l_o.ywar d,.. . ................... . 

·-·-··············---!?-~ .. 'T,.J.b.er.tjt ... S.t. • .,--------·-------------------·-------··-·---

------·····---·--·-·-----------~~:._~ __ !..~E-~.t--~~---~~---------·. ··---------··--------
?-~f. 
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WONDERS OF THE FUTURE 

By Nikola Tesla 
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NikoZa TesZa 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 energy through a single 
wire without return~ a system of wireless transmission of intelligence~ transformer~ 
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 industrial 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 to 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 mining, 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 sach 
waste will be looked upon as criminal and the introduction of the new methods will 
be forced upon the owners of such properties. Here, then, is an immense field for 
the use of electricity in many ways. 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 look 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
limited 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 convenient 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 
household. 

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 telegraphing or telephoning pictures 
was arrived at long ago, but practical difficulties have hampered commercial 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 application 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 to flash any image formed in the mind 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 
will 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, will 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 esse.ntially 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. 

Great- 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
casion, 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 blockade, the scheme of employ
ing hundreds of small vessels, advanced by Mr. W. Denman, chairman of the United 
States Shipping Board, is a most excellent one, 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 extending 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 TESLA. 

President 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: 

Manaaers: 
(Term expiring 
July 31, 1921) 

Treasurer: 

W. W. Rice, Jr. 

Frederich Bedell, 
John H. Finney, 
A. S. McAllister 
Walter A. Hall, 
E. H. Martindale, 
William A. DelMar, 
Wilfred Sykes 
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 is 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 Edison 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 is 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 "Who's Who" 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 "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 
able to place the administratio·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 sometimes 
about a man'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~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 
British 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 do 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 profession, 
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 all 
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, 
Franklins, 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 giver. 

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 in Strasbourg, engaged in completing the lighting of a newly 
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erected rai·lway 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 repulsions 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 differing 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 illusttating 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 to 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 ... 

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 "Laboratory 
experiment 11 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. 
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 perception 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 
recognition of that which seems to be, the ~mere appearance of which rs-
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 untried 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 this 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 lecture the Editor of the Electrical World 
says: 

"t,1r. Tes 1 a, in his own graceful way, te 11 s the story of his 1 i fe 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 
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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 
through many years. During these lectures he exhibited 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: 

11 Among 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 11 Tesla 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 Leyden jar. 11 

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 as 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 William Crookes. 11 

An article by E. Raverot appearing in the Electrical World of March 26, 1892, 
closes a review of the Tesla Paris lecture with the following appreciative comment: 

11 0ne 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. 11 

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: 

11 I would say a few words on a subject which constantly fills 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. 11 

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 
accomplished 11 by induction through the air 11

, concisely set forth his theory as fol
lows: 

11 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 in 1893 said: 

11 0ne 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 regarding these early predictions Mr. John Stone 
Stone, the well-known authority on wireless telegraphy has but recently made the 
following striking comment: 

11 ! 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 wireless. 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 wi"reless 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 periJdd 
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 it 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: 

11 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 power 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: 

11 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 cars, 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 
provisions 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 
fire. In it he says: 

11 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 
successful demonstrations. 11 

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 field 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: 

11 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 ... 

and again: 
11Mr. Tesla is pursuing quietly his work and g1v1ng 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: 
11 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 pyro-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 ·current 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: 

"When 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 attributes 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:some
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
cal Engineers: Fellow 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 source, 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 the 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 the 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. 
Suffice 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 
11 Circle 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 give 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, 1 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 were 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 ~s 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 high 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 certain 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, designers, 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 that 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 bearing on my work. One of the speakers suggested: 11 Tell us 
something about yourself, about· your early struggles." If I am not mistaken in 
this surmise I will, 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 outlined could have been done by a man as manifestly young as my
self. Permit me to explain this. I do not speak often in 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, laborious, 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 vital 
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 common enough. If you inquire into the career of successful 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 I never 
saw such a thing, 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 this 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 objetts 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 only in diseased and anguished 
brains. My head was always clear as a bell, and I had no fear. Do you want me to 
tell 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: 11 This one is not as. ugly as the other one. 11 That was evidence of good 
sense. Now as I told you, I had no fear. They used to ask me, 11 Are you afraid of 
robbers? 11 and I would reply 11 N0 11

• 
11 0f wolves? 11 11 N0 11

• Then they would ask, 11 Are 
you afraid of crazy Luka? 11 (A fellow who would tear through the village and nothing 
could stop him) 11 No, I am not afraid of Luka. 11 11 Are you afraid of the gander? 11 

11 Yes, I am, 11 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: Suppose 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 tormenting 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 little 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 real 
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
ually 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 all 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
thing 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 - the 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: 11 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: "Was 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." "Perhaps," 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: "I know 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 wonderful 
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 the}· were so convincing and the whole 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: "Why 
should not we operate without the brushes?" 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: "Mr. 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 getting 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." 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 brain power to inventive work, what 
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 perfected 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 their 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 credit 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 in consequence of my en
lightening him on the situation, or owing to some other influence, my system was 
adopted. Since 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 
starting impulse 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\-1' words about an effort that absorbed my attention 
later. In 1892 I delivered a lecture at the Royal Institution and Lord Rayleigh 
sur 1Jrised 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 assure you, I had hardly realized that I was 
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an inventor. I remembered, for instance, when I was a boy, I ·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 life-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 the 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 des~ribing 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 
those 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 is 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 lost. 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 
practical 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 ~1r. Stone: "Did you 
see my patent? 11 He replied: "Yes, 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 Colorado. 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 
coil 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 there the switch 
snapped in, when suddenly the whole room was filled with 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. (Applause) 

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 - by 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 performance. 
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 still 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 "staging". 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 considerable 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 precisi.on, 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 polished 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 iamps are inappreciable. To illustrate, the steam gauge on the boiler 
may indicate fluctuations from 100 to 200 pounds or more and follov1ing 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 fraction 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 maintaining 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 apparatus 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. It 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 railroads, 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 relieving larger engines through the night and hours of small load. 

(This material previously unpublished- Ed.) 
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Famous Scientific Illusions 
By NIKOLA TESLA 

Writtm spuially for tht Eltetrical Exptrimtnttr 

,,·,·. .. 

,,· 

. i' 

l'lg 1 

~· . ~· . ; . ~- · . 

• o\ ' ' I ,.. ':,-, '.: ~0 • :I : •' : 

··.···· :··. · ..... 

It Ia Woll Known Ttlat tha Moon, M., Alwaya Turna the Sama Face 
Toward the Earth, E, a• the Black Arrowa Indicate. The Parallel "•Y• From the Sun Illuminate the Moon In Ita Succeaalve Orbital 
Poaltlona •• tho Unahaded Seml-clrctea Indicate. Bearing Thla In 
Mind, Do You aeUevo That the Moon Rotatea on Ita Own Axla? 

Fig. 2.-Teala'a Conception of the Rotation of the Moon, M, Around 

t"n.~~:d ~! ~~b~=~d •rn ~h 1lo?t:m,:::!~a~~~ ~(,P~:·~~.n::~~: 
Believed, the Moon Rotatea, Thla Would ae Equally True For a 
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fessions-scientists, inventors, and hard
headed financiers-have placed themselves 
on record with impossible theories, inopera
tive devices, and unrealizable schemes. It 
is doubtful that there could be found a 
single work of any one individual free of 
error. There is no 

borious thought, stranJ;:'e as it .may seem. 
Our organs of reception, too, are defi

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 

mutrary to all obs~rvation, this planet ro
tates around the sun; the rt'l'o~·nition of 
Descartes that the human being is an 
automaton, g-overned by cxtl'rnal influ
ence and the idea that the earth is spherical. 
which led Columbus to the finding- of this 

continent. And 
such thing as an 
infallible brain. 
Invariably, some 
cells or fibers are 
wanting or unre
sponsive, with the 
result of impair
ina judament, 
sense of propor
tion, o r s o m e 
other faculty. A 
man of genius 
eminently prac
tical, whose name 
is a household 
word, has wasted 
the best years of 
his life in a vis
ionary und~rtak
ing. A celebrated 
physicist was in
capable of tracing 
the direction of an 
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tho the minds of 
individuals sup
plement one an
other and !'cience 
and experience are 
continualtv elimi
nating fa-llacies 
and misconcep
tions. mm·h of our 
present knowledge 
is still incomplete 
and unreliahle. We 
have sophisms in 
mathematics which 
cannot he dis
provl'd. Even in 
p u r t• n•asoning, 
free of the short
coming-s of sym
bolic processes, 
we are often ar
restt'd hv doubt 
\\ hich tht; stron~-
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est intelligences have been unable to dispel. 
Experimental science itself, most positive 
of all, is not unfailing. 

In the following I shall consider three 
exceptionally interesting errors in the in
terpretation and application of physical phe
nomena which have for years dominated 
the minds of experts and men of scienl:t:. 

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 
by stating that while passing once 
around its mother-planet the lunar 
gloLe performs just one revolution on 
its axis. The spinning motion of a 
heavenly body must necessarily un
dergo modifications in the course of 
time, hein~ either retarded by resist
ances internal or external, or acceler
ated owing to shrinkage and other 
causes. An unalterable rotational ve
locity thru all phases of planetary evo
lution is manitestly impossible. What 
wonder, thep, that at this very instant 
of its long existence our satellite 
should revolve exactly so, and not 
faster or slower. But many astrono
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. 

I will endeavor to make this clear 
by reference to Fig. 1, in which E rep
resents the earth and M the moon. 
The 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 
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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 by successive changes of position in 
space. 

----"· 
---~--- ·--~ ----- ·---

·----~-
--~-·-···-·---

But more convincing proofs can be given 
that the moon does not, and cannot revolve 
on its axis. With this object in view atten
tion is called to Fig, 2, in which both the 
satellite, ~I. and earth, E, are shown em
Ledded in a solid mass, M1 (indicated by 
stippling) 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 M1, as the sphere M2, 
shown in dotted lines, and then the 
part common to both bodies would 
have to turn simultaneously in oftfto
sile dirulion.r. This can be experi-

~ · . ~~l?,J~0B~~.f.'}t~caq.~ ::'A1.\H~f.ro v:~TIC"Io : Yr-LOCI'N V-
_: :flll:CTROM.I\GNf!TIC HERT~ WAV£!6 .•.• :_:} 

,._" CONDUCTING !:ART SURFACIE • ·----· ·-- •PUOOFLI6HT 
mentally illustrated in the manner sug
gested by using instead of one, two 
overlapping rotatable washers, as may 
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be conveniently represented by circles 
M and M2, and carrying them around 
a center as E, so that the plain and 
dotted arrows are always pointing to
wards the same center. No further 
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 effects 
positive and unmistakable. Volumes 
have been written on the subject and 
many erroneous arguments advanced 
in support of the notion. Thus, it is 
reasoned, that if the planet did not 
turn on its axis it would expose the 
whole surface to terrestrial view; as 
only one-half is visible, it must re
volve. The first statement is true but 
the 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 
passing thru the center of the earth, 

L
he true and only one. 

The unfailing test of the spinning of 
mass is, however, the extstence of 

ANA~o.ooY OF Test.A'S EARTH V..'Avf! VtaRATION THEORY: Test.A's wu:~eLEss TRANSMISSION THI!.OR.Y. 

EACH PULSf OF THE PUMP 1$ FEiLT 'WITH EQUAl.. 
FORCE AT ALL POINTS OF THE SPHERE. 

'THE OSCILLATING ENERGY SURGeS THRU THE:. ~ARTH TO 
EVERY POINT ON THE GLOBE. THUS ELECTRIC LIGHT. HEAT 
ANO POWER CAN BE DRAWN AT ANY POINT OF THE £Af'TH 

fROM A UNtVI!RSAL CENTRAL STATION." 

Tesla's World-Wide Wireless Transmission of Electrical SlgnaiiS, As Well As Light and Power, Is Here Illustrated In Theory, Analogy and 
Realization Tesla's Experiments With 100 Foot Discharges At Potential• of Millions of Volts Have Demonstrated That the Hertz Wave• 
Are l~flnlteslmal 'In Effect and Unrecoverable; the Recoverable Ground Waves of Tesla Fly "Thru the Earth". Radio Engineers Are 
Gradually Beginning to See the Light and That the Laws of Propagation Laid Down by Tesla Over a Quarter of a Century Ago Form the 

Real and True Ba•ls of All Wlrele11s Transmission To-Day. 
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energ-y of motion. The moon is not possest tion of the latter immediately stiffens, being show any measurable flattening in form. 
of such 1.-is 1.n·va. If it were the case then a at the same time deformed by gravitational 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 
heen separated from the latter and is a true 

re,·oh·ing- hody as ~I, \YOtdd contain me- pull. The shape becomes permanent upon 
dtanit·al t"llt•rgy other than that of which cooling and solidification and the smaller 

l'ig.S 
satellite. lttghiJ ror:efiett__n:e_dl~mrinsulating).- 3. A planet revoh·ing on its axis in its 
passage around another cannot have been· 
thrown off from the same hut must have · 
heen captnrcd. 

Jloderate(!lrare/ied cOI:1o'l.l~lh'?t7/ 
Q/mosp!Jere Q/Jore m""'HIFIFI 

.strotvm._ 

~-~-

-414:5 mil~s olonq ~qrflis surf'qc• 

thin insvloling 
I#!Jer ol' air. 

. forth and dense in.svl_oting oir Ioyer to sco/e 
TII!C.Iness fJI' lt?yer /.., fJ/' on mch when rooivs of' Mrlh 

• IZJ inclws 

II. The Fallacy of Franklin•• Pointed 
Lightning-Rod. 

The display of atmospheric electricity has 
since ages heen one of the most marvelous 
spectacles afforded to the sight of man. Its 
gramleur anti power filkd him with fear 
and superstition. For centuries he attrib
uted lightning to agents gtHI-likc and su
JH.'rnatural and its purpose in the scht"me of 
this universe remained unknown to him. 
Now we have learned that the waters of 
the ocean are raised by the sun and main
tained in the atmosphere delicately sus
pended. that they are wafted to distant re
gions of the globe where electric force~ 
assert themselves in upsetting the sensitin· 
halance and causing precipitation, thus sus
taining all organic life. There is every 
reason to hope that man will soon he ahlt• 

·' to control this life-giving tlow of \\ater 
and thereby solve many pressing pn•hleml
of his existence. 
Atmo~pheric electricity became of special 

scientific interest in Franklin's time. Fara
day had not yet announced his epochal di~
coveries in magnetic induction but static 
frictional machines were alread\' generalh· 

A Section of the Earth and Ita A.tmoapherlc Envelope Drawn to Scale. It Ia Obvloua That the used in phpical laboratories. . Franklinr ... 
Hertzlan Ray• Cannot Traverae So Thin a Crack Between Two Conducting Surface• For Any powerful mmd at once leaped to the con
Conalderable Dlatance, Without Bel~g a~b~':veed,T~=~~ • Dr. Teala, in Dlscusalng the Ether c)~1 s_ion that frictic;mal and atmosp:teric e~('C-

P Y tncttv were tdenttcal. To our pre~ent \'lew 

we have experimental e\·idence. Irrespec
ti\'C of this so exact a coincidence between 
the axial and orbital periods is, in itself, 
immensely impn,IJahle for this is not the 
permanent condition towards which the 
system is tenrling. Any axial rotation of a 
mass left to itself. retarded hy forces ex
ternal or internal. must cease. Even admit
ting- its perfect control hy tides the coinci
dence would still he miraculous. But when 
we remember that most of the "atellites 
exhihit this peculiarity, the probahility be
comes infinitestimal. 

Three theorie~ have been advanced for 
the origin of tlw 11!1J()JJ, According to th•· 
,,J.-k-,t "llJ..!J.:t''>IC'd f,y tlu· J,!rc·at I ·•·rrnan 
philosopht'r t\ant. and clevdopcd J,y La
place in hi" momllncntal tn·atise "Me
canique Celeste", the planets have been 
thrown off from larger central masses by 
centrifugal force. X early forty years ago 
Prof. George H. Darwin in a masterful 
essay on tidal friction furnished mathe
matical proofs. cleemed unrcfutai,Je, that 
the moon had ~eparated from the earth. 
Recently this t>staf,Jished theory has ),een 
attacked hy Prof. T. J. J. Sec in a remark
able wc,rk em the "En,Jutrott of tht' Stellar 
Systems", in which he propounds the view 
that centrifugal force was altogether inade
ctuate to bring about the separation and 
that all planets, including- the moon, ha,•e 
come from the depths of space and have 
been captured. Still a third hypothe.,is of 
unknown origin exi!'>ts which has been t·x
amined and commented upon by Prof. v.·. 
H. Pickering itt "P•>pular Astronomy of 
l'l07", and according to which the mooJJ 
was torn from the earth when the later 
was partially solidified, this accounting for 
the continents which might not have IJeen 
formed otherwise. 

Undouhtedly planets and satellite-. have 
originated in hoth ways and, in nw c>pin
tnn, it i'> IJfJt difficult to ascertain tli•· char
acter of their l>irth. Tltc following- ccm~ 
elusions can be safely drawn: 

1. A heavenlv bod,- thrown off from a 
larger one cannot rotate on its axis. Tlw 
mass, rendered fluid ltv the combined ac
tion of heat ancl pn·.;;-,tire, upon the reduc-

·mass continues to move about the larger 
one as tho it· were rigidly connected to it 
except for pendular swings or libratitins 
<lue to varying orbit<.! velocity. Such mo
tion precludes the possibility of axial rota
tion in the strictly physical sense. The 
moon has never spun around as is 
well demonstraterl hy the fact that tlu: 
most precise measurements have failed to 

this inference appears obvious, but in his 
L n· e u,e mere thought of it was little short 
of hlasphemy. He investigated the phe
n()mena and ar'-!'ued that if thev wvn• of tlw 
same nat11re 'then the clouds could be 
drained of their charge t•xactl\' as the hall 
of a static machine, and in i7·N he indi
cated in a puhlisht nwntoir how this rould 
he th'me hy the use of pointetl metal rod ... 

(Continued on page 728) 

MOD! OF PROPAGATION OF THE 
CURRI!NT FROM THE TRANSMITTER 

THRU T-HE EARTH 

MOON'S SHADOW JUST TOUCHING; SPfti!AOSOVER. THE I!!ARTH'8 SURFACE 
WITH INFINITE SPEED 

-----------

NOONS SHADOW LEAVING TH!. 
EARTH AGAIN.REACHING INFINITE· 
_____ ---~P_E ED 

Fig. 8.-ihla Diagram Illustrate• How, During a Solar Ecllpae, the Moon'• Shadow 
Paasea Over the Earth With Changing Velocity, and Should Be Studied in Connes· 
tlon With Fig. 9. The Shadow Move• Downward With Infinite Velocity at First, 
Then WIU Ita True Velocity Thru Space, and Finally With Infinite Velocity Again. 
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Famous Scientific Illusions 
(Contintud from page 694) 

The earliest trials were made by Dati
brand in France, but Franklin himself was 
the first to obtain a spark by using a kite, in 
June, 1752. When these atmospheric 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. 

~< 
,, 
I 

latter has the property of quickly dissipat
ing the accumulated charge into the air. 
To examine this action in the light 'of pres
ent knowledge we may liken electric poten
tial to temperature. Imagine that sphere .s 
is 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-

ng.7 
The Theory Ha. Been Seriously Advanced and Taught that the Radio Ether Wave 
01clllatlon• Paa• Around the Earth by 8ucce1elve Reflection•, a• Here Shown. The 
Efficiency of Such a Reflector Cannot be more than 25 Per Cent; the Amount of 
Energy Recoverable In a 12,000-mlle Tran•m1111on being but One Hundred and Flf· 

teen Billionth Part of One Watt, with 1,000 Kilowatt• at the Tran•mltter. 

The lightning conductor in its classical 
form was invented by Benjamin Franklin 
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 Piatermaritz· 
burg (capital of Natal, South Africa) no 
lightning strokes a<:curred after the pointed 
rods were installed, altho the storms were 
as frequent as before. Experience has 
shown that just the opposite is true. 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 danger from lightning to property 
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 use for more than one century 
and a half, should be found to involve a 
gross fallacy in design and construction 
which impairs its usefulness and may even 
render its empioyment hazardous under cer
tain conditions. 

For explanation of this curious fact I 
may first refer to Fig. 3, in which s is a 
metallic sphere of radius r, such as the ca
pacity terminal of a static machine, pro
vided with a sharply pointed pin of length 
h. as indicated. It is well known that the 

perature T. Then if anoth~r sphere of 
larger radius, v1, is drawn about the first 
and .th~ te~perature along this boundary is 
Ta, 1t lS evtdent that there will be between 
t~e end of the bar and its surrounding a 
dt.fference ~f temperature T - T1, which 
w11l determtne the outflow of heat. Obvi
ously, if the adjacent medium was not af
fected by the hot sphere this temperature 
difference would be greater and more heat 
w~:mld be given off. Exactly so in the elec
tnc system. Let q be the quantity of the 
charge, then !h~ sphere-and. owing to its 
great conduchvlty also the pm-will be at 

h 
. q 

t e potenbal -. The medium around the 
r 

point of the pin will be at the potential 
q q 
- = -- and, consequently, the differ
rl r + h 

q q qh 
ence ----= ----. Suppose now 

r r+h r(r+h) 
that a S_Phere S of much larger radius 
R := r:tr 1s employed containing a charge Q 
th1s dtfferQhe of potential will be, analog-

ously . According to elementary 
RCR+h) 

principles of electro-statics the potentials 
of the two spheres s and S will be equal if 

0= nq in which case 
Oh 

. RCR+h) 
(Conttnt4ed on page 730) 
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FAMOUS SCIENTIFIC ILLUSIONS. 
( C oKtiJSued from 'tJge 728) 

nqh qh 
Thus the dif-

nr(nr +h) r(nr +h) 
ference of potential between the point of 
the pin and the medium around the same 
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the positive charge of the cloud induce• in 
the earth an equivalent ol,onlt char,e, the 
density at the surface of the l~tter d.imin· 
ishing with the cube of the distance from 
the static center of the cloud. A bruah 
discharge is then formed at the point of the 
rod and the action Franklin anticipated 
takes place. In addition, the surroundina 
air is ionized and rendered conductin1 and, 
eventually, a bolt may hit the buildin1 or 
some other object in the vicinity. The vir· 
tue of the pointed end to diasipate the 
charge, which was uppermost in Franldin'a 
mind is, however, infinitesimal. Ca~tftfl 
metUflremtJSt.l show thai it would 111•1 
mony :yetJr.t befort the electricity sto,.ttl ifl 
a siJSgle cloud of moderate sizt wowld be 
d,-aum off or JStUtralized thru such o light· 
niKg conductor. The grounded rod hu the 
quality of rendering harmless most of the 
strokes it receives, tho occasionally 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 
sharp point which was thought advantale
ous and indispensable to its operation, is 
really a defect detracting considerably from 
the practical value of the device. I have 

~----------------- produced a much improved form of light-
Fig. <t, Teela IEXplalna the Fallacy of the · t t h t · d b th .. 1 
Franklin Pointed Lightning Rod, H•re lllue· nmg pro ec or c arac enze Y e emv oy~ 

t d d &h th t u 11 a h a R d ment of a terminal of considerable area and 
g-:u~d 'N'!,~ Dra!w~tr t~e E1~:trfclt:~n a 81~- large radius of curvature which makes im· 
~:t~~r~31~;,:arlfe ~~~~:t. 1~h:fotehne''2'h:~gt:.~ possible undue density of the charge and 

ionization of the air.• These protutors 
act as quasi-repellents and so far havr 

will be smaller in the ratio when 
nr+h 

the large sphere is used. In many scientific 
tests and experiments this important ob
servation has been disregarded with the 
result of causing serious errors. Its sig
nificance is that the behavior of the 
pointed rod entirely depends on the linear 
dimensions of the electrified body. Its 
quality to ~ve off the charge may be en
tirely lost tf the latter is very large. For 
thi!'l reason, all points or projections on the 
surface of a conductor of such vast dimen-

never bun struck tho exfosed CJ long time. 
Their safety is e:xpertmentally demon~ 
strated to greatly exceed that invented by 
Franklin. By their use property worth 
millions of dollars which is now aMually 
lost, can be saved. 

III. The Sin1ular Misconception of the 
Wireless. 

Send for the New Edition of 
Our Catalog W28 

It It lldet tift, ...taiH 241 ,...., wltlt ..., 
··- 111-:lr:tte:'!t ...................... ...... 

' 

1

. sions as the earth would be quite ineffeetive 
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 of 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, 

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 into its 
underlying principles was clear from their 
very inception . ~== .. ~=-f~ ,-:--..,:.,~ 

....... ••• Fire Nii-· ........... oalf ...... ~~ ....... •. 
::- HW!II. ..... "ZL"" ,:"'' ..... WI=. ......... Htrti•Rtl, leeltfell a.::r.:, 
ete. 
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In the course of development of my in
duction motors it became desirable to op
erate them at high speeds and for this pur
pose I constructed alternators of relatively 

*Refer to the October, 19181 iuue of thi1 jour· 
nal wherein Dr. Tesla's new torm of non·pomted 
lil"htninl" rod wu fully deaeribed and illustrated. 

(Continued 011 page 732) 
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Diagram Ueed to Explain the Fallacy of the Franklin Pointed Lightning Rod, and an 
Analogy Whereby the Author Showe In a Clear Manner How the Charged Sphere May 
tor llluetratlon be Coneldered ae Heated to a High Degree, and the Heat Allowed to 

Eacape at a Known Rate 
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~:a~~:, NIKOLA TESLA~I 
~ We have prepared a genuine, ~ 

I 
handsome photograph, auto
graphed in facsimile by the great 
inventor. This photograph, taken 
in December, 1918, was posed 
especially for the cover design 
of the February, 1919, issue of 
the "Electrical Experimenter". It ~ 
shows Tesla as he is today, bold- ~ 

I 
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, 

I 
laboratory, workshop or radio 
station. Sent prepaid in strong 
cardboard tube._ Price $1.00. ~ 

EXPERIMENTER PUBLISHING CO ~ 
Z31 Fulton SL Book Department N. Y. City ~ 

sssss~sssss 

197 

ELECfRICAL EXPERIMENTER 

FAMOUS SCIENTIFIC ILLUSIONS 
(Continued from page 730) 

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 abroad 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 lectures before 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 experi
ments. On that occasion I asked the cele-
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brated physicist for an expression of opin
ion on the feasibility of the scheme. He 
stated unhesitatingly that it wa$ practicable, 
provided I could perfect apparatus capable 
of putting it into effect but this, he antici
pated, would be extremely difficult to ac
complish. 

'I resumed the work very much encour
aged and from that date to 1896 advanced 
slowly but steadily, making a number of 
improvements the chief of which was my 
system of concatenated tuned circuits and 
method of regulation, now universally 
adopted. In the summer of 1897 Lord 
Kelvin happened to pass thru New York 
and honored me by a visit to my laboratory 
where I entertained 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 
impossible, "an illusion and a snare." I 
had expected his approval and was pained 
and surprised. But the next day he re
turned and gave me a better opportunity 
for explanation of the advances I had made 
and of 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, "these art radia
tions. No energy could be economically 
transmitted to a distance by any such 
agency. In my system the process is one 
of true conduction which, theoretically, can 
be effected at the greatest distance without 
appreciable loss." I can never forget the 
magic change that came over the illustrious 
philosopher 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 wave 
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 are 
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 and con
tract and corresponding movements will be 
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 
being incompressible, its inclosure perfectly 
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. This is a crude but correct rep
resentation of my wireless system in which. 
however, I resort to various refinements. 
Thns, for instance, the pump is made part 
of a resonant system of great inertia, 
enormously magnifying the force of the 
imprest impnl~cs. The receiving devices 
are similarly conditioned and in this man
ner the amount of energy collected in them 
vastly increased. 

The Hertz wave system is in many re
spe~ts. the very opposite of this. To ex
plam tt by analogy, 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 pe:formed results i!l the pro
duction of radtant heat, of whtch an in
finitesimal part is recovered in a remote 
locality. However incredible, it is true that 

You benefit by mentioning the "Electrical ExPeriment"" when fllriti,.fl to adfllrlUers. 
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the minds of some of the ablest experts 
have been from the beginning, and still 
are, obsest by this mon~trous idea, and . so 
it comes that the true w1reless art, to wh1ch 

· I 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 
shares are of little value and why the Gov
ernment has been compelled to interfere. 

We are Jiving on a planet of well-nigh in
conceivable dimensions, surrounded by a 
layer of insulating air above which is a 
rarefied and conducting atmosphere ( Fi¥. 
5). This is providential, for if all the aJr 
were conducting the transmission 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 
insulating 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 envelope is shown to scale. 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 so thin a crack be
tween two conducting surfaces for any 
considerable distance, without being ab
sorbed. The theory has been seriously ad
vanced that these radiations pass around 
the globe by successive reflections, but to 
show the absurdi!_f of this suggestion refer
ence is made to Fag. '1 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 polygon drawn around the solid, 
and inscribed into the conducting gaseous 
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 ways, the 
part recovered would be measured by the 
fraction o~o·. Let the transmitter radi
ate Hertz waves at the rate of 1,000 kilo
watts. Then about one lunulred olfd fiftu,. 
IJ'illio,.tlt pori of one WtJII is all that would 
be collected in a perfect receiver. In truth, 
the reflections would be much more nu
merous as shown on the left of the figure, 
and owing to this and other reasons, on 
which it is unnecessary to dwelt, 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 
(•f the current waves and i!l largely self
,·xplanatory. The drawing represents a 
..;olar eclipse with the shadow 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!lg_ velocitr 
until at a distance of about 6,000 miles at 
will attain its true speed in space. From 
there on it will (>roceed with increasing 
velocity, reaching anfinite value at the op
rc,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 law will be readily understood 
b.Y reference to Fig. 9, in which a transmit
tmg circuit is shown connected to earth and 
to an antenna. The transmitter bei11g 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 
unrecoverCJble in the circuit. The latter 
proceeds with the speed varying as the 
cosecant of the angle which a raqius 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 Quickly Acquirttl a Dominating 
Will Powtr That EarnJ Him Bttwttn 150,000 and. $70,000 a Ytar 

FOUR YEARS ago a man offered me a 
wonderful bargain. He was hard up for 
money and wanted to sell me some shares 

in a young, growing company for $1,000. Based 
on the earnings of the Company the stock of
fered me was euUy \\'orth $5,ooo-in fact, the 
man who finally bought the sbares sold them 
again in five months at a pro6t of $4,300. 

The reason I didn't buy the shares was that 
I could no more raise a thoUS&bd dollata than I 
could bop, skip, and Jump acrou the Atlantic 
Ocean. A thousand dollarl l And my income 
only twenty-five a week. 

The eecond chapter In my life bet•• • few JDODthl 
later, when another opportunit,. came to me. It ,.. 
quired an iqyettmept of Jao1ooo duriat tbe first ,.ar. 
I raiaecl the ~ eatiiJ, pa1d back ....., pennJ' I boroo 
rowed, and had jlso ooo left at the eAd of the fint 
year I To date. la ,!;, than four ,...,.. 8lf butineu 
hu paid me a clear proftt of over J$OO,OGJO and i• now 
earn1n1 between $_so,ooo and $70,000 _a rear. Y•t fer 
tw•lve yean befon, the coapaay laad h•• lo•ID• 
•oaq every :vearl 

The natural question for m1 reader to aak Ia, "How 
could you borrow Jso,ooo to anveat In a ltuaineu which 
had previoual,. bee11 a failure, after beiq1 unable to 
borrow St,ooo for an invettment that ...med teeuret" 
It ia a lair question. Andd the an•wer Call be aiven i• 
two little word- WILL POWER. 

When the fint propoaition aame to me I paned it by 
aimply becau~e I didn't have the money and couldn't 
borrow it. I went from one friend to the next and all 
turned me clown. Several refueed to talk butinell with 
me at all. They all liked me periOn'llly, and ther aaked 
me •bout the kiddiea, but when it came to money· 
matten I hadn't a chance. I waa ecared stiff every 
time I talked to oae of them. I pleaded with them, 
almott bqpcl them. But everybod,. had their "mooey 
all tied UJI in other inveatments." It wa• an old a• 
cuM, but I accepted it meekly. I called it hard luck. 
But I know todaJ' that it w11 nothin1 in the world 
escept my lack' of Will Power, or rather lily weak Will 
Power, which kept rne from pttin1 what I wanted. · 

When I heard that the man ~<tid thoae ahare1 at 
a profit of -...soo, it aeemed that my 10rrow could not 
be lfelter. ·That profit wu just about what m,. 1alaty 
amounted to for four lean I But instead of 1rievin1 
over my "bard luck," decided to find out wh1 I wa• 
10 easily beaten in everythi111 I tried to accomplish. It 

. :fil:e:. tt!~w~•=••IO::Jhi:ftu:!~•l ~~a!a':'n~~ t!!k 
of ediJCition for man,. illittrate men become wealthy. 
What wa1 t~i• vital tparkP Whtt was this one tbiq 
which auCc.jUI men had and which I dicl not haver 

I belan to nad 
PaAi.J u.t of book• about P•Y· 

Conteng choloiY and mental 
power. But every
thine I read wu too 
ceneral. There was 
nothinc definite -
nothina that told 
me w6at to clo. 

After s e v e r a I 
months of discour
aging effort, I fi. 
nally encountered • 
book called "Power 

Ff r ~~~~" 8~a:::; 
H•ddock. The very 
trtle carne to me as 
• ~h()('k, When I 
on«'ned the book I 
wu a rn a z e d . I 
re•liz~ that will 
power was the vital 
• p a r k-t h e '>ne 
thing that I lacked 
And here in this 
book were the very 
rules, leseons and 
eserciseathrough 
which anyone c'Ould 
increase their will 
power. EapriJ I 
read pap 1 f t e r 
p a 1 e ; includiq 
s IJ c h articles u, 

' The Law of Great 
Thinkinc; How to 
Develop Analytical 
Power; How to Con
centrate Perfectly; 
How to Guard 
Againat Errors in 
Thoucht; How to 
Develop Fearlesa
nen; How to Ac
quire a Dominat
inc Pereonality. 

An hour after I opened the book I felt like 
a new person. My sluggish will pOwer was 
beginning to awaken. There was a new liaht 
in my eye, a new spring in my atep, a new 
determination in my soul. I began to see, Ill 
my put, the many IIUstakes I bad made, and 
I knew I would never make them again. 

I practiced some of the simple aerdses. 
They were more fascinating than any game of 
cards or any aport. 

Then came an opportunity to acquire the busineu 
which had lost money for twelve yean1 and which I 
turned into a $so,ooo a year mone,. mner. ln1tud of 
criD1i111 before the moneyed people, I won them ewer 
b,. m,. theer force of will. I would taot be dluued. 
Ancl my every act ud word •ince theft has beea tbe 
retult of my trainin1 in will power. 

I am convinced that every man has within him.CU 
every e•~ential quality of suc:c:eaa except a stron1 will. 
Any man who i:toubt• that mtement need only ana
·lyze the Nccetaful men he knows, and he will fipd 
himMif their equal, or their 1uperior, lrt every way e&• 
cept in will power. Without a atron1 will, education 
couDts for little, moaey counts for nothin1. opporturai
tiet lte UMJeaa. 

I earnettl)' recommend Prof. Haddock's Jftllt woe\, 
"Power of Will," to those who feel that succeu is iu.
out of reach-to tho• who lack that 10methiq wlaicla 
they cannot define, ,.et wbiC'h boldt them clow11 to tbe 
~tind of a small Nlary. 

Never before have buaineaa meD and womea aeecled 
thla help 10 badlr as in these tryln• timet. Hundrella 
of real and imacmary obstacles confront u1 eYerf da,., 
and only those who are mutera of them~elve~ aad who 
hold their heads up will succeed. "Power of Will" as 
never before i• an ab10lute necesait)'-an invettment 
in ~elf-culture which 110 one can afford to deny bim~elf. 

I am authoriad to Nf that an,. reader who "rea to 
eumine "Power of Will' for live days mar do 10 with
out ~endinc an{ money in advance. If after oQf hour 

ir~r: :o~~k's ':;dr;:;:J11d:0!~r l:r N:::e~'ft .:.: 
book supplies that one facultr you need moat to win 

:~::~1~et;;~ t~e a,':ar:u:~~.~;d~ nothin1. Othenri• 

Some few doubters will tcoff at the idea of will power 
beiq the fountainhead of wealth, position and everr• 
thin, - are atrivinc for, but the lfelt mall or inteJ.. 
li1ent men and women will at leaat investicate for 
them~elvea by aendin'l for the book at the publisher'• 
risk. I am sure that any book that has clone for me-
and for thou11nda of other-what "Power of Will" 
baa do~i• well worth investicatinc. lt ia intereatinc 
to note that amonc the sso,ooo owners of "Power of 
Will" are 1uch prominent men aa Su~eme Court 

~
uatice Parker; Wu Tin1 Faq,· £s-U. S. Chi~~ese A
UNdor; Qoy.. McKelvie, 9f Nebraaka: Auistant 
otmaster-General Britt; General ManaJer Christe

~n. of Wella-Farao Espren Co.; E. St . .Elmo Lewi•: 
~l'lator Arthur Capper of ltanNs and thouNnda of 
othera. In fact, today "Power of Will" II iust a• i
portant, and as neceaNry to a m•n'a or woman's equip.. 
ment for auccesa, u a diction•ry. To try to aucceed 
without Power of Will i1 like uyinc to do busine11 with
out a telephone. 

Aa your first step in will training, I suggest im
mediate action in thia matter before you. It ia not 
even necessary to write a letter. Use the form below, 
if you prefer, addressing it to the Pelton Publiahiq 
Company, 30-B Wilcos Block Meriden, Conn., and the 
book will come by return mail. You hold in your hand, 
thia very minute, the beRinninc of a new era in your 
life. Over a million dollars has been p1id for "Power 
of Will" b;r people who sent for it on free eumination. 
Can you, m justice to yourself, hesitate about aending 
in the coupon? Can you doubt, blindly, when you can 
see, without a penny deposit, thia wonder-book that 
will incre~se your will power in one hour. 

The cost of paper, printinc and bindint ha• almoat 
doubled during the past three years, in spite of which 
"Power of Will" has not been increased in price. Tbe 
publiaher feeb that eo ~teat a work should be kept aa 
low-priced as possible, but in view of the enormous in
cr .. ase in the cost of every manufacturinc item, the 
P~~nt edition will be the last eold at the present 
rmce The nest edition will cost more. I urce you to 
~nd '" •he coupon now. 

•••••••••••••••••••••• 
PEL TON ~UBLIIHINQ COMPANY 

:JG-8 Wllc.x aleck, M .... den, Cenn. 

I will l'Umlne a ClOPJ' Cit "Poww ot WUI." at 10111' rtak 
I alftll to rellllt 13 ur reman book ta S da,s. 

Name ..•........................•...•••.•.•............. 

Add,.. ............................................... . 

City .......................... Stat. .................... .. 



lf H.P., 110Y811s,A.C. 

4 60 cycle, 111111 
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We have 1080 NEW WASHING MACHINE MOTORS. These 
~ of~ ~anufacture and carry the regular factory guarantee. 
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Bought from Bankruptcy Stock 
S'!itable for operating Coffee Grinders, CreamSeperldors, Bottle Washers, 

::~i:afu!: Mail $8.00 cash or $} 8 50 ·Etc. Money Order. We 
wllheadCO.D. oubject • 
to fuU examination. 
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Merchant Marine Needs THOUSANDS of 0 erators 
::~h a~~m~!~1!: .f~al~~e~a~d :ir.~l0e0ss Stations-Aerial Mall Service-fauroad and Tele-

. P a month. Excellent opportunities to win promotion 
to. Radio Engineer-Inspector-or Draftsman. Chance to travel the world 
o\er or locate at Land Station in America. 

Complete Courae by Mail in Ten Week• 
Our students ll<ltUally pass the commercial exanunaUon In Ten Weeks or leu 
Start •tudylnlf NOW tn spare time at homt>. We aend you Complete soi 
Praot!ce lnltruments for receiving and sending messaaes wttb ftrst leuona We 
B:~J;,~U w~~e .jg~Jt,i~ J~r Weeb~~~1~~Ear~~m.Te~~~~~~o~?{'3~~ment Radio 

NATIONAL RADIO INSTITUTE 
Dept. 68 Washington, D. C. 

Grinding and Buffing Motors 
An Indispensable tool in any ah·op or laboratory, Your equipment la not 
eomplete without a BODINE grinding and bumne motor. 
~;ii~ ~~~~nd money by keeping your lathe tools, mllline cutters and 

BODIN~~"~(f:'Cl-'~~'C!Inc~M,lii~~~nc full detatll ~ht.r-w~ao'::io~~·nlr.un. 

T B B SKIN· w 1 t b aurprlalq 
D E R V I K E N cJarit:o J'tg. 3 ll-
T R A N 8 lUitratel the ume 

MITTER BUTTON arran111mentplaced 
presents tbe latest on the ch; "..1.~1 
advance lD mlcro- lbown. In t f pu· 
phones and mara altlon tbe ana-
a revolution 1D mltter will ta I k 
tranamltter o o n • clearly and loudly. 
atrucUon. It woru J'la, • lbow• an ar-
on an entlnlJ new ranpment whereby 
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with the .a~cis of symmetry of the waves. 
At the or1g~n. the speed js infinite but rrad
ually d1m1mshes unttl a quadrant ia 
traversed, when. the v~locity is that of light. 
frof!l there on 1t ~gam increases, becoming 
mfin1te at t~e anttpole.. Theoretically the 
en~rgy o~ th1s current IS rtcowroblt in ita 
enttrety, m properly attuned receivers. 

Some experts, whom I have credited with 
better knowledge, have for years contended 
that my proposals to transmit power with
out wires are sheer nonsense but I note 
that they are growi!lg !!lOre cautious every 
day. 'fhe latest obJection to mf system is 
found m the cheapness-of gasoltne. These 
men labor under the impression that the 
energy flows in all directions and that 
therefore, only a minute amount can 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 
transmitter to the receiver, and none of it 
is lost elsewhere. It is perfectly practicable 
to Pecover at any point of the globe energy 
enough for driving an airplane, or a pleas
ure b_oat or for. lig~ting a dwelling.. I am 
esp~c1ally sangume m regard to the hghting 
of tsolated places and believe that a more 
economical and convenient method can 
hardly be devised. 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 Shippi,. 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 GuH waters. As
surances were given the radio representa
tives by Board officials that their request 
would be taken under advisement for im
mediate consideration. 

prlnciple, talree up t b e Sklndemken 
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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 "The 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: "The 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 "rotation upon an axis" as nonchalantly 
defined in dictionaries, but is circular motion in the true physical se11se - 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 1,081.5 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 pefiod of 1,323 years. Now, I say that there is not enough 
energy in the moon to run a delicate watch. 

In astronomical treatises usually the argument is advanced that "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. 11 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 in 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 



201 

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 instant when 
the moon is in opposition. Then it would continue on its elliptical path around 
the sun, presenting to it steadily 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 

SINCE the appearance of my article 
entitled the "Famous Scientific Illu
sions" in your Februar issue, I have 
received a number of fetters criticiz
ing the views I exprest regarding 

the moon's "axial rotation." These have 
been partly answered by my state-
ment to the New York Tribune of Feb-
ruary 23, which allow me to quote : 

In your issue of February 2, Mr. 
Charles E. Manierre, commenting 
upon my article in the Electrical 
Experimenter for February which 
appeared in the Tribune of ] anu
ary 26, suggests that I give a defi
nition of axial rotation. 

I intended to be explicit on this 
point as may be judged from the 
following quotation : "The unfail
ing test of the spinning of a mass 
is, however, the existence of energy 
of motion. The moon is not posest 
of such vis 'Viva." By this I meant 
that "axial rotation" is not simply 
"rotation upon an axis nonchalantly 
defined in dictionaries, but is a cir
cular motion in the true physical 
sense-that is, one in which half 

· the product of the mass with the 
square of velocity is a definite and 
positive quantity. The moon is a 
nearly spherical body, of a radius 
of about 1,087.5 miles, from which 

By NIKOLA TESLA 
conclusions I have drawn. It is well 
known, of course, that the two bodies 
revolve around a common center of 
gravity, which is at a distance of a 
little over 2,899 miles from the earth's 
center. 

------r 
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sling. In this case a much more rapid 
rotation is imparted to it in the oppo
site sense. There is no true analogy to 
these in the motion of the moon. If 
the gravitational string, as it wert, 
wottld snap, the satellite would (IO off 

i1l a tangent 'Without the slaghtest 
swerving or rotation, for there is 
no moment obout the a.f'is ancl, 
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 thts would oc• 
cur at the instant when the moon 
is in opposition. Then it would 
continue on its eliptical path around 
the sun, presenting to it steadily 
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 thru 
180° and, after a number of oscilla
tions, revolve, again with the same 
face to the sun. In either case 
there would be no periodic changes 
but eternal day and night, respec
tively, on the sides turned towards, 
and away from, the luminary. 

Some of the arguments advanced 

I calculate its volume to be approx
imately 5,300,216,300 cubic mites. 
Since its mean density is 3.27, one 
cubic foot of material composing 
it weighs close on 205 lbs. Accord
ingly,.the total weight of the satel

If You Still Think That the Moon Rotate. on Ita Axla, 
~:~~~~~.T~~k~~·g~a'8n!"~t ~~l!o-gaft!o•~ly~~~e S~f1:·~~~ 

by the correspondents are ingenious 
and not a few comical. None, how
ever, are valid. 

tated by a Spoke of the Wheel. Substitute Gravity for 
the Spoke and the Analogy Solvea the Moon Rotation 

Riddle. 

One of the writers imagines the 
earth in the center of a circular or
bital plate, having fixedly attached 

lite is about 79,969,00o,OOO,OOO,OOO,OOO, 
and its mass 2,483,500,000,000,000,000 
terrestrial short tons. Assuming that 
the moon does physically rotate upon 
its axis, it performs one revolution in 
27 days, 7 hours, 43 minutes and 11 sec
onds, or 2,360,591 seconds. If, in con
formity with mathematical principles, 
we imagine the entire mass concen
trated at a distance from the center 
equal to two-fifths of the radius, then 
the calculated rota-
tional velocity is 3.04 
feet per second, at 

Another mistake in books on astron
omy is made in considering this motion 
equivalent to that of a weight whirled 
on a string or in a sling. In the first 
place there is an essential difference be
tween these two devices tho 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 

to its periperal portion a disk-shaped 
moon, in fnctional or geared engagement 
with another disk of the same diameter and 
freely rotatable on a pivot projecting from 
an arm entirely independent of the plane
tary system. The arm being held continu
ously parallel to itself, the pivoted disk, of 
course, is made to turn on its axis as the 
orbital plate is rotated. This is a well
known drive, and the rotation of the. 
pivoted disk is as palpable a fact as that 
of the orbital plate. But, the moon in this 

model only revolves 
about the center of the 

which the g 1 o b e 
would contain ll,-
474,000,000,000,000,00C 
short foot tons of 
energy s u f£ i ci en t 
to r u n 1,000,000,000 
horsepower for a 
period of 1,323 years. 
Now, I say, that there 
is not enough of that 
energy in the moon 
to run a d e 1 i c a t e 
watch. 

W E believe the accompanying illustration and its explanation 
will dispel all doubts as to whether the moon rotates on its 

axis or not. Each ·of the balls, as M, depicts a different position 
of, and rotates exactly like, the moon keeping always the same 
face turned towards the center 0, representing the earth. 

system without tire 
slightest angsdar dis
placement on its own 
axis. The same is true 
of a c a r t - w h e e 1 to 
which this writer re
fers. So long as it ad
vances on the earth's 
surface it turns 011 the 
axle in the true physi
cal sense; when one of 
its spokes is always 
kept in a perpendicular 
position the wheel still 
rev o z.z, e s about the 
earth's c e 11 t e r, but 
a.f'ial r o t a t i o n has 
ceased. T h o s e who 
think that it then still 
exists are laboring un
der an illusion. 

In astronomical 
treatisies usually the 
argument is advanced 
that "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 in
ference is erroneous, 

But as you study this diagram, can you conceive that any of 
the balls turn on their axis? Plainly this is rendered physically 
impossible by the spokes. But if you are still unconvinced, 
Mr. Tesla's experimental proof will surely satisfy you. A body 
rotating on its axis must contain rotational energy. Now it is a 
fact, as Mr. Tesla shows, that no such energy is imparted to the 
ball as, for instance, to a projectile discharged from a gun. It is 
therefore evident that the moon, in which the gravitational at· 
traction is substituted .for a spoke, cannot rotate on its axis or, in 
other words, contain rotational energy. If the earth's attraction 
would suddenly cease and cause it to fly off in a tangent, the 
moon would have no other energy except that of translatory 
movement, and it would not spin like the ball.-Editor. 

An obvious fallacy 
is involved in the fol
lowing- abstract reason
ing. The orbital plate 
is assumed to gradually 
shrink, so that finally the for it only admits of 

one alternative. There are an infinite 
number of axis besides its own in each 
of which the moon might turn and still 
exhihit the same peculiarity. 

I have stated in my article that the 
moon rotates about an axis passing thru 
the center of the earth, which is not 
strictly true, but it does not vitiate the 

and direction to the motion preceding. 
By way of illustration-if the ball is 
whirled on the string clockwise ten 
times per second, then when it flies off, 
it will rotate on its axis ten times per 
second, likewise in the direction of a 
clock. Qmte different are the condi
tions when the ball is thrown from a 

centers of the earth and the satellite coin-
cide when the latter revolves simultaneously 
about its own and the earth's axis. We may 
reduce the earth to a mathematical point 
and the distance between the two planets to 
the radius of the moon without affecting the 
system in principle, but a further diminutinn 
of the distance is mani- (Co11t. on p. 892) 
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The Moon's Rotation 
(Continued 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 of the 
evidences is a proof that it turns on its 

, axis. Even the well-known experiment 
with the Foucault pendulum, altho exhib
itiilg similar phenomena as on our globe, 
would merely demonstrate a motion o£ the 
satellite about some axis. The view I have 
advanced is NOT BASED ON A THE
ORY but on facts demonstrable by e:rperi
mmt. It is not a matter of definition as 
.some would have it. A MASS REVOLV-
1NG ON •ITS AXIS MUST BE POSEST 
OF MOMENTUM. If it has none, there 
is no axial rotation, all appearances to the 
contrary notwithstanding. 

A few simple reflections based on well 
establisht mechanical principles will make 
this clear. Consider first the case of two 
equal weights w and W1, 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 
rirdl's of gyr<ttion, and, heing animated 
with different velocities, they will rotate 
around their common center of gravity o. 
If 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) nand V,tcF 2~(.R -..r) n, and the 
difference V '-- l' 1 = 4 '1T r n, will be the 
length 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 
2'1Tr 1t = 2'1Tr N, N being the number of 
revolutions per second of 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 m and mt, respectively, 
which will be at a distance from o equal to 
~r. 

This being understood, imagine a number 
of balls M carried by as many spokes S 
radiating from a hub 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 must also 
hold good for EACH of the balls as it per
forms 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 
gyration, then the rotational energy will be 
E = 0M (2'1TRn) 2

• Since for one com
plete turn of the wheel every ball makes 
one revolution on its axis, according to 
the prevailing theory, the energy of axial 
rotation of each ball will be e = 0M 
(2'1T rtn ) 2

, rt 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 would 
contain a quantity of stored ·energy as given 
in my above letter to the New York T~ib
u,ne, on the assumption that the radh.ts 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 devoid of momentum about its axis. 
If it be bisected by a plane tangential to the 
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Diagram llluetratlng the Rotation of Weights 
Thrown Off By Centrifugal 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 and nitrogen in his con
stitution, whkh 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 possesses considerable illumi· 
ttatiug 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 enough to hold his weight. 
A healthy 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 spoon
fuls of salt. If a man were distilled into 
water, he would make about 38 quarts, or 
more than half 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?" 

-·------ ·----·-----------------------:-----:-----------
You benefit bl! mentjqnjna t&e "'Blcctrjcql frhgrimeutern nth£" ptrjtjaq tq gd .. ·ertj'retr 
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The Moon's Rotation 
By NIKOLA TESLA 

In this artie/~ Dr. Tesla pro~·es conclusi'vely by theory a11d experif!tent that all the kinetic energy of a.rotat~ng mass is purely transla~ 
tio11al 01~d that the moon contains absolutely no rotatiOnal euergy, '" other words, does not rotate on tts ax1s.-EDITOR. 

I
N revisinlil' my article on "The Moon's of their distances is the moment of inertia move in order to contain the same energy, 
Rotationn, which appeared in the April I, and then E = % I W

2
, w = 2 1r n being a state wholly imaginary and irreconcilable 

issue of the ELECTRICAL ExPERIMENTER, the angular velocity. with the actual. Only, when all particles of 
I appended a few remarks to the orig- It is obvious that in all these instances the body have the same velocity, does the 
inal text in further support and eluci- many points or elements will be required 

for great accuracy but, as a rule, very few 
are sufficient in practice. .., .. r-. --~ 

·'\ 
'i r· 
i~ 

;1- ., 
- 0 -;, ~ 

l'ig.J .. 
Fig, 1. In Determining the Kinetic Energy 
of a Rotating Mass, This Figure Shows the 
Selection of a Number of Points Taken With· 

~~:taen:!:a'1r~~ Rofh:r ~:,~· ~ a~o~~~f:~' 1o~ 
Knowing These Values and the Speed of Ro. 
tatton the Kinetic Energy of the Mass Is 

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. ~Ieanwhile many letters 
have reached me in which certain phe
nomena presented br rotating bodies, as the 
moon's librations o longitude, are cited as 
evidences of energy due to spinning motion, 
i. e., proofs of axial rotation of the satellite 
in the true physical sense. I tru-;t that the 
following amplified statemt·nt will meet all 
of the objections raised and convert to my 
views those who are still t,mconvinced. 

The kinetic energy of a rotating mass 
can be determined in four ways which 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 Ot, Ot, oa, etc., within the straight rod or 
mass l\1, respectively at distances r,, r2, r., 
etc., from the axis of rotation 0 and cal
culating the square root of the mean square 
of these distances. Its value being Rg, de
noted radius of gyration, the efjecti1.:e ve
locity of the mass at n revolutions per sec
ond will he V.. = 27TI{Kn ancl its kinetic 
energy E = ~ M V,."~ = ~ M (2 7TR"n) 2

• 

In Fig. 2 the mass M, rotating n times 
per second about an axis 0 at right angles 
to the plane of the paper, is divided into 
numerous elements or small parts, most 
conveniently very thin concentric laminae, 
as lt, 1:z, 13, etc., at distances r,, r2, ra, 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 1: m V2 = 
0 m, V12 + Y~ m2

2
V2 + 0 rna Va2 + 

2 
•••••• 

= ~ mt (2 1rr,n) + 0 m2 (2 1rr2n) + Yz 
rna (2 1rra11) 2 + ....... 

A different form of expression for the 
energy of a rotating body may be obtained 
by determining its moment of inertia. For 
this purpose the mass 1\I (in Fig. 3), ro
tating t~ times per second about an axis 0, 
is separated into minute parts, as m., m2, rna, 
etc., respectively at distances r,, r2o ra, etc., 
from the same. The sum of the products 
of all these small masses and the squares 

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 lc about another axis paral
lel to 0 and passing thru the center of 
gravity C of mass M. In conformity with 
this the energy of motion E = ~ M V 2 + 
~ Ic W

2 in which equation V is the velocity 
of the center of gravity. 

The preceding is deemed indispensable as 
I note that the correspondents, even those 
who seem thoroly familiar with mechanical 
principles, 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 truly de-

0 0 

fine the actual condition of the body. To 
illustrate, when proceeding according to the 
plan of Fig. 1, we find a certain hypothetical 
velocity with which the entire mass should 

Fig. 4. In this Case the Motion Is Resolved 
Into Two Separate Components-One Trans• 
latlonat About 0 and the Other Rotational 
About C. The Total Kinetic Energy of the 
Mass Equals the Sum of These Two Energies. 

l'tg.2 

Fig. 2. In This Case the Mass M, Rotating 
n Times Per Second, About An Axis 0, Is 
Divided Into Numerous Elements or Small 
Parts at Various Radii from 0. Knowing the 
Kinetic Energy of Each Part, the Whole 

~~~:~tcb;".f~?Jn:f ~h:u~~!tl~n E::''fheDr~~~: 
vidual Quantities. 

product ~ M V2 specify a physical fact and 
is numerically and descriptively accurate. 
Still more remote from palpable truth is 
the equation of motion obtained in the 
manner indicated in Fig. 4, in which the 
first term represents the kinetic energy of 
translation of the body as a whole and the 
second that of its axial rotation. The for
mer would demand a movement of the mas' 
in a definite path and direction, all particles 
having tlw same velocity, the latter its simul
tallt.'oll~ motion in auothn path aud tlircr
tiou, the particles hadug different \'elocitics. 
This abstract idea of angular mot ion i!oo 

chietly responsihle for the illu~ion of the 
moon's axial rotation, which I shall en
deavor to dispel by additional evidences. 

With this object attention is called to 
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 
frictionless. It is an arrangement similar 
to that before illustrated with the exception 
that the balls, instead of forming parts of 
the spokes, are supported in screw pin>ts s. 
which are normally loose but can be tight
t.'lll'<l so as to pt.•rmit hoth frt•e turnin~ and 
rigid fixing as may he desired. To facili. 
tate observation the spokes are provide<t 
with radial marks and the lower sides of 
the balls are shaded. Assume, fir:o;t, that 
the drawing depicts the state of rest. the 
balls being rotatable without friction. and 
let an angular yelocity w = 2 .,. n be im
parted to the system in the cltlckwise direc
tion as indicated by the long- solid arrow. 
Viewing a ball as M, its succe~sive positions 
1, 2, 3-8 in space, and also relatively to 
the spoke, will be just as drawn, and it 
is evident from an inspection of the dia
gram that while modng with the an~ular 
velocity w 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 combined result of these two 
motions is a translatory movement of the 
ball such that all particles are animated 
with the same ye}ocity V, which is that of 
its center of ~nwity. In this case, ~o:·rantc:l 
that there is absolutely no friction the 
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kinetic energy of each hall will be 
g>iven by the product of 0 M \P not 
approximately, hut with mathl'matical 
rigor. If now the pivots are screwed 
tight and the balls fixt rigidly to the 
spokes, this angular motion relatively 
to their axes becomes physically ~m
possible and then it is found that the 
kim•tic t·nergy of each ball is in
creased, the increment being exactly 
the e1wrgv o"f rotation of the hall on 
its ax·is. ·This fact, which is borne 
ottt hoth hy theory and experiment, is 
the foundation of the general notion 
that a gyrating hody-in this instance 
hall :\!-presenting always the same 
face towards the center of motion, 
actually rotates upon oits axis in the 
same sense, as indicated by the short 
full arrow. But it does uot tho to 
the eye it seems so. The fallacy will 
become manifest on further inquiry. 
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To begin with, observe that when 
a mass, say the armature of an elec
tric motor, rotat•ing with the angular 
velocity w, is reversed, its speed is 
- w and the difference w -- (- "-') 
= 2 w. Now, in fixing the ball to the 
spoke, the change of angular velocity 
is only w; therefore, an additional 
velocity w would have to be imparted 
to it in order to cause a clockwise 
rotation of the ball on its axis in the 
true ~gnificance of the word. The 
kinetic energy would then be equal to 

Fl'fi 5. This Diagram Represents a System Composed of 

~en~!~' ~· ~ah'! 1 e~a~~ !~:k~re~l a~ot~:::~~n~n Ap~~~:! 

about the parallel axis pasging thru 
C and equal to % M i2 so that E = 
0 M (2 11" R n)' + 75 M r2 (2 11" n) 2

• 

Neither of these two expressions for 
E describes 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 ~
istence. I shall first undertake to 
demonstrate that there is no torque 
or rotary effort about center C and 
that the kinetic energy of the sup
posed axial rotation of the ball is 
mathematically equal to zero; This 
makes it necessary to consider the 
two halves separated by the tangen
tial plane pp wholly independent from 
one another. Let c, and c, be their 
centers of gravity, then Cc, = Cc2 = ~ r. In order 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 lc, and lc, about 
parallel axes passing thru c, and c,. 
Complex calculation will be avoided 
hy remembering that the moment of 
inertia ·of either one of the half 
spheres about an axis thru C is Ic 
·= Y2 X % M r2

, = 75 M r2
, and 

since M = 2 m, lc = % m ~. This 
can be exprest in terms of the mo
ments let and lc2; namely, Ic = lc, + 
m (~ r) 2 = 1., + m (~ r) 2. Hence 

Which Can Be Tightened. With fhis Model the Fallacy 
of the Moon's Rotation on Its Axis Is Demonstrable. 

the sum of the energies of the translatory 
and axial motions, not merely in the ah
:-tract mathematical meaning, but as a phy
sical fact. I am well aware that, according 
to the preva·iling opinion, when the ball is 
free on the pivots it does not turn on its 
axis at all and only rotates with the angu
lar velocity of the frame when rigidly at-

p 

Fig. 6. Diagram Showing a Ball Having 
Ma•s M, of Radius r, Rotating About Center 
O, and Used In the Theoretical Analysis of 

the Moon's Motion. 

tached to the same, but the truth will ap
pear upon a closer examination of this 
kind of movement. 

Let the svstem be rotated as first assumed 
and illustrated, the balls being 
perfectly free on the pivots, and 
imagine the latter to be gradu-
ally tightened to cause friction 
slowly reducing and tinally pre-
Yenting the slip. At the outset 

those parts of the masses which are nearer 
tn the l'enter of motion, of some 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. Only so have we aug
mented the kinetic energy of the system, not 
by c~using axial rotation ·of the balls. The 
energy E of each of these is solely that of 
translatory movement with an effective ve
locity Vo as above defined such that E = 
Y.! M V •. 2• The axial rotations of the ball in 
either direction are but apparent; they have 
110 reality 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 rotation 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 purpose I would refer to Fig. 6 
showing a ball M of radius r, the center C 
of 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 about 
0 is according to the first form of expression 
E = 0 M Ve2 = 0 M (2 11"Rg n) 2

, M being 
the mass and Rg the radius of gyration. But, 
as explained in connection with Fig. 4, we 
have also E = 0 M V2 + 0 lr w2,V = 211" R n 
being the velocity of the center of gravity 
C and J, the moment of inertia of the ball, 

Ic, = Ic2 = Ic- m (~ r) 2 = % m r2
-

~/64 m r' = 83/320 111 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 
of the ball, respectively, lot and Io• we 
have lot= m (R + ~ r) 2 +let= m·(R 
+ ~ r) 2 + 83/320 m r' and lo2 = m tR 

-----

JL_~~-
Fig. 7 

Fig, 7. Here Two Masses m-m, Are Con
sidered as Condensed Into Points, Attached 
to Weightless Strings of Different Radii. If 
Both Strings Are Cut, and the Masses Con
sidered as Joined, Then There Will Be No 
Rotation About the Common Center of 

Gravity. 

- ~ r) 2 + lc, = m (R-% r) 2 + 83/320 
m r2

• Thus for the upper half S?here the 
radius of gyration Rg, 

and for the lower one Rg, = 
all particles of each hall have 
been moving with the speed of 
its center of gravity, but as the 
hearing- resistance asserts itself 
more and more the translatory 
\'elocitr of the partoicles nearer 
to the axis 0 will be diminishi1tg, 
while that of the diametrically 

·co 4. ~ ______ _ 

~ f<R- }f, r) 2 

~--;;; =- ~ + 83/320 r' 

These are the distance" from 
center 0, at which the ma~ses of 
the half spheres may be con
centrated and then the algebraic 
sum of their energies-which are 
wholly translatory those of axial 
rotation being nil-will be exact
ly equal to the total kinetic en
ergy of the ball as a unit. The 

opposite ones will be increasing, 
until the maxima of these 
changes are attained when the 
halls are firmly held. In this op
eration we have thus deprived 

l'ig.8 

Fig. 8. To Make the Problem Shown In Fig. 7 Clear, Imagine Two 
Rifle Barrels P;:rallel to Each Other. If Two Balls M-M Are Fired 

1i~~~ta.p~~:-:.· 1eo~~~~d d'lnt~r T:r~:r~!~i~~. B~~~vi;r:e-th~ 11~h~e~c:,t:~ 
Possesses Only Kinetic Energy of Translation. (Conti11u.cd ou page 156) 
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The Moon's Rotatloo 
By Nikola. 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, are repre
sented as attached to independent weight
less strings of lengths Rgt and R~-! whkh 
are purposely show11 as displaced but . 
should he imagined as coincident. It wilt 
be readily seen that if both strings are cut 
in the same instant the masses will tty off in 
tangents to their circular orbits, the angular 
movement becoming rectilinear without any 
transformation of energy occurring. Let 
us now inquire what will happen if the two 
masses are rigidly joined, the connection 
being assumed imponderable. Hae a•,· 
come to the real bug iu the qr~r.rtion under 
discussion. Evidently, so long as the whirl~ 
ing motion continues, and both the masses 
have precisely the same angular ye)ocity, 
this connecting link 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 them will exist. The moment 
the strings are broken and they are 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 exclu
sive virtue of angular motion, but to the 
fact that the tangential velocities of the 
masses or parts of the body thrown off 
are different. 

To make this clear and to investigate the 
effects produced, imagine two rifle barrels. 
as shown in Fig. 8, placed parallel to each 
other with their axes separated by a dis
tance Ror, - R..,.2 and assume that two balls 
of same diameter, each having mass m, are 
discharged with muzzle velocities V, and 
V", respectively equal to 2 .,. n R.,, and z., n 
R112 as in the case just 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 they will rotate 
about their· common center of gravity and 
in accordance with the statemeot in my 
previous article abcl\'e mentioned, the rela-

v~-v~ 
tion will exist----= 1r n (R111- Ru) 

2 
n being the number of re,·olutions p_er sec
ond. The equalization of the speeds and kin
etic energies of the balls will be, under these 
circumstances, very rapid but in two heay
enly bodies linked 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 reduce the velocity of the 
halls in the direction of flight by an amount 
which can be easily calculated. At the 
moment of discharge the total kinetic ener
gy was E = 0 m \? + 0 m V ~: which is 
evidently equal to m V/, V3 being the ef
fective velocity (lf the common center of 
gravity, from which follows that \'3 ::: 

;v,2 +2 v/. '\j The ~peed of rt'\'olution of 

the masses is, of cour~e. and the 

::~~::•:::,::•::::..:,~:::1~ 1: I~·( ~~~~~~-r 
The kinetic energy of translation in the 
direction of flight is then 0 m Vt2 + !-':l m 

(Vt ~ v~)a (V1 + V2 )

2 

V22
- m ---- =m ---- = m 

2 2 \", + \'., 
being the speed of the 

2 
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common center of gravity, so that Va - V. 
is the loss of veloci,ty in the direction of flight 
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 + i w2 = m -.2- -- + i ( l "'n )' 

i being the moment of inertia of each ball 
about its axis. 

As will he seen, we arrive at precisely the 
same results whether the movement is recti
linear or in a circle. In both cases the total 
kinetic energ~· can he divided into two 
parts, respectively of the same numerical 
values, but there is au essential difference. 
In angular motion the axial rotation is noth
ing rnore than an abstract Co1fception; in 
rectilinear movement it is a positi••e e·vmt. 

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 absolutely cer
tain that all movement of this kind would 
ultimately cease. 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 been 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, relath·e 
to the latter, in which it persists irrespective 
of distance, more or less stable. In ex
planation of this, suppose that one of the 
halls a11 M in Fig 5 is not of homogenous 
material and that it is similarly supported 
hut on an axis passing thru its center of 
gravity •instead of form. Then, no matter 
in what position the ball is fixed on the 
pivots, its kinetic energy and centrifugal 
pull will be the same. Nevertheless a di
rective tendency will exist as the two cen
ters do not coincide and there is, conse
qnently, no dy11amic balance. When per
mitted to turn freely on the axis of gravity 
the body, of whatever shape it may be, wilt 
tend to place itself so that the line joining 
the two centers points to 0 and there may 
be two positions of stability but, generally, 
if the center of gravity is not greatly dis
placed, the heavier s-ide will swing out
wardly. Such condition rnay obtain in the 
moon if it had solidified before receding 
from the earth to great distance, when the 

(Co11tiuucd on page 160) 

POPULAR 
ASTRONOMY 
The Evolution of 

the Stars 
(Continued from payc 121) 

Canopus, one of the giants of the unh·ersc. 
The transition of this type into the solar 
type 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 I). The lines of calcium and hy
drogen still remain more intense than any 
other lines in the spectrum, but many fine 
metallic lines now appear in ever-increasing 
intensity. The transition of this type into 
the advanced solar type K occurs when 
some of the metallic lines surpass the hy
drogen lines in intensity. The group of 
iron lines has also greatly 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 and 
the sun are yellow, and stars of the ad
vanced solar type, such as Arcturus and 
Aldebaran, are orange colored bordering on 
red. Their atmospheres are filled with 
dense metallic vapors. (See photos of solar 
and advanced solar type spectra.) 

Class M is divided into giant and dwarf 
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The Moonps 
Rotation 
By Nikola. Tesla . 

(Co11tinued from page 157) 

arrangement of the masses in its interior 
became subject to gravitational forces of 
its own, vastly greater than the terrest,ria.l. 
It has been suggested that the planet ts 
egg-shaped or ellipsoidal but the departure 
from spherical form must be inconsider
able. It may even be a perfect sphere with 
the centers of grav1ty and symmetry coin
ciding and still rotate as it does. Whatever 
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 
endure forever unless forces from ,.,·ithout 
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 indefinitely de
ferred. 

A motion of this 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 axial ro
tation. This makes it also perfectly clear 
why the moon, provided its distance does 
not greatly .increase, must always turn the 
same face to us even without anv bthere11t 
directive fende1ZC)1 nor SO much as the 
slightest effort from the earth. 

Referring to the librations of longitude, 
I do not see that they have any bearing on 
this questi~n. 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 this may 
he true, hut I hold that the mere change 
of orhital velocity, as will be evident from 
what has 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 rema·ins the same. The real 
cause of these axial displacements is the 
changing distance of the moon from the 
earth owing to which the tangential com
ponents of n•locity of its parts are varied. 
In apogee, when the planet recedes, 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 periq ee, on the contrary, 
the radial component increases and the ef
fect is just the opposite with the result that 
more of the western side is seen. The 
moon actually swings on the axis passing 
thru its center of gravity on which it is 
supported like a ball on a string. The 
forces involved in these pendular move
ments are incomparably smaller than those 
required to effect changes in orbital ve
locity. If we estimate the radius of gyra
tion of the satellite at 600 miles and its 
mean distance from the earth at 240,000 
miles, then the energy necessary to rotate 
it once in a month would be only 

( 
600 )

2 

1 ----- =----of the kinetic energy 
240.000 160,000 

of the orbital movement. 
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Reconstruction 
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 inventoP of the altePnating aurrent, the world is indebted to Mr. Tesla 
for the use of electricity carried long distances. He now disausses the probabil
ity that aiPplanes will rise to great heights and travel at speeds that seem incred
ible. This aPticle is written, in paPt by Mr. Tesla himself. The rest is written 
from stenogPaphia 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. 

"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 

11 Three-thirty, sir, 11 says Charles. 11 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, which 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. Matt 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 11 altiplane 11

, 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 entering into the problem, to predict exact speeds. 

Speaking before the Pan-American Aeronautic Convention at Atlantic City, r~1r. 
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 limit. 

"I submit, .. he said, "that waiting indefinitely for ideal weather conditions for 
long-distance flying over land or sea will 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 

"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 warmth 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 the 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 
miles 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." 

That aerial navigation at higher altitudes will undoubtedly result in great in
crease of speed is also the 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. 11 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 
which 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. 

"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 calculating 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. Matt 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. 

11 0f 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 

11 I doubt that it will be possible to rise 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 enclosed. 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. 

"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 ga$. 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, .. 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. 

11 The 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 
will be energized by this transmitted power, and there 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, is 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
tructive 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 will fight each other 
thousands of miles apart. No soldier will see his enemy. In fact future wars will 
not be conducted by men directly but by the forces which if let loose may well des
troy civilization completely. If war comes again, I look for the extensive use of 
self-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 distance 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. 

"This 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 is 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 that 
ignited the Goodyear dirigible air~ 

ship which plunged in flames thru the roof 
of a bank building in that city, resulting in 
death for thirteen persons and injury to 

L..fROY'S RAOIO APPARAT FOR Of:MONSTRATING 
I<'INITION BY WIRELESS. 

The Opinions of 
Nikola Tesla an.d 

_Other Radio Experts 
Station. The building thru the skylight of 
which the blazing dirigible fell was the 
Illinois Trust and Savings Bank. 

HOW RADIO INDUC.EO CURRENTS 

NOTE CURqENTS INOUCEO ~~~D~lA~~lu~~~nEJ~l" 
~iR~:~~~r.;~,¥J~~~~rJt~l-Lf_ AND CAIJSE SPARI-<S TO JUMP 

A SPARK MAY OCCUR AT ."'- ... • IN5Vl ATOR5 6 f ~ 
A L..OOSf JOINT, BOLT OR ! ~ , 'r I .~ 
RIVET, BURNING THE SAG 1 TO 8R!AK UP I;': / 
b~r~~&~~~m~~~~~STT~E "RESONANCE'' I/ 
WITH A SMALL TE5LA COIL AND PREVENT TI1E BALLOON i 
ANO WIRE CAGES.fT CETERA. WIRES FROM BECOMING HIGHLY 1 

PROOVE THIS - 5~~=~~~~~ J~~¥~~ .~~~~~~ro~~ 
1 

-HOW RADIO MAY INDUCE CLJRr-<ENTS IN AIRSHIPS-

head of a large engineering corporation 
and foreman of the coroner's jury of tech
nical men, said experts had suggested the 
radio theory to him. 

Col. ]. C. Morrow, chief air officer of 
the central department of the army, the 
principal witness at the inquest, was a pas
senger in the dirigible on a trip preceding 

~ . ~~ 
~,.~~---

LAIIORATORY TEST WITH RADIO 
FREQUENCY CURRENTS 51-40W 

~~~t 'fgrs1L c~tVo' -5 rfeTN~-
eE STI-?AIGHf ANOSPAAASWILL 
JUMP AS .5110WN BETWEEN 
ADJACENT METAL RJOS OR 
WIFI.ES OUE l'O'UNI P•)LAR I~DU' liiJN' 

Herewith Are Shown Some of the Plausible Reasons Why the Recent Chicago "Blimp" Disaster Might Have Been Caused By a Spark 
Induced By An Adjacent Radio Station. The Photo In the Lower Right-hand Corner Shows Three Incandescent Lamps Lighted to Full 
Candlepower, At a Distance of 100 Feet from Dr. Nikola Tesla's Colorado High Frequency Power Plant. The Oscillator Was Worked At 

t wenty-scven others, naval commun icatiuu 
officers will aid the authorities in fixing 
responsibility for the disaster. It was as
certained that technical experts had sug
gested this theory, because the big ship 
sailed over or near the Transportatiot1 
building, from the roof of which are pro
jected the antennae of the Naval Radio 

Leu Than Five Per Cent of Its Total Capacity. 

Lieut. F. S. Ma~on, of the breat Lakes 
:--Java! Training Station, district communi
cation servic<' officer, while refraining from 
agreeing with the theory, said he would co
operate with tht• investigating officials. Pi
lot John Bm·ttner, of the ill-fated dirigible, 
-.atd he had not been aware of the location 
of the naval radio station. H. M. Byllesby, 

the fatal one. At that time he :.aid the 
-.hip was in safe condition. The pilot he 
l"onsidered competeut. ll c thought the 
possibility of sparks from the l'Xhaust ig
niting the gas bag- very remote, but said he 
had not formed au opiuion as tn the cause 
of the accideut. 

1 Continued Ol£ payc 591) 
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RADIO FREQUENCY AMMETER 
4 inch Face 

0 to 3, 0 to 5 or 0 to 10 Amperea. 
Specify Reading Required. 

$11.00 Net 
The Jewell Electrical Instrument Co. is 
prepared to fill the instrument needs of 
the amateur experimenter 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 
ammeter, of the thermo couple type, 
especially desirab:i<! for medium sized 
installations. 
For receiving panels, we are supplying 
small D. C. instruments for plate volt
age and filament current, at a very 
reasonable price. 
Write for our special radio instrument 
bulletin. 

JEWELL ELECTRICAL INSTRUMENT CO. 
1640 Walnut SL Chicago 

Audion Control Panel 
Type P·IOO 

-combining In a 
single compact 
set the Peerleu 
De Forest Audion 
Detector, oscilla· 
tor and audion 
amplifier, built 
for the audion as 
only the makers 
of the audlon can 
bulld lt. No other 
set like lt has 
ever been bullt 
to sell for less 
t h a n $150.00. 
Our Price with
out the b u 1 b 
$65.00. Descrip
tions of lower 

priced models sent on application. 

The latest In 
Amplifier design 
sumcient to give 
ampllftcattona up 
to 20,000 times. 
Panel quickly rs• 
movable making 
all parts acceul· 
ble, and the re
placing o t t h e 
new type en blook 
"8" batteriea but 
a moment'• work. 
Workmanship ot 
the highe1Jt 
grade. P r I c e 
without the bulb& 
$69.50. 

DeForest Radio 
Telephone & Telegraph Co. 

1415 Sedgwick Avenue 

New York City 
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Can Radio Ignite 
Balloons? 

(Continttl'd 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
PERIMENTER representative, Dr. Testa 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 l1ghtning 
arresters for twelve miles around were 
bridged with continuous arcs, much stronger 
and more persistent than those which ordi
narily took place during an electric storm. 
I have excited 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 sixty feet from 
the laboratory, the filament was often 
broken by the vibration set up, giving 
some idea of the magnitude of the electro
motive forces 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 vroper conditions. When 
the·targe transmitter coil, 51 feet in diame
ter, which I had in the center of the labo-. 
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 
charged coit might, by repulsion, keep them 
in the center. Perhaps the most remark
able of 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 grains of sand. An
other most curious effect was the action 
on horses, which shows how very sensitive 
they are to electric shock. When I oper
ated with undamped waves, the oscillator 
being 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 
cotton in the ears, one would get a singular 
sensation in the head as if something was 
bursting, similar to that I observed with 
Rontgen Rays in 1896 or '97, when I was 
operating with a powerful apparatus de- -
signed 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 
antennae. In one experiment, for instance, 
I would tune a coil about 30 inches in 
diameter with which I would collect at 

Fit Yourself for the Big Jpb 
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- greater opportunities- bigger pay- more 
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of your trade. 
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t a t p a y envelope. 
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cal languace that any 
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tbe price of any book 
llsted below. We will 
send the books post
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the books and your 
money wlll be refunded 
In full. Order direct 
from this page. Use 
the Coupon. 
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Modem Language Cour•e• 

FRENCH} SPANISH Wit._ 1 

GERMAN Teadler 
By Profeesor Phlllp 
Schuyler AlleD, Uni
versity of Chlcaco. 
An entirely new 
home 1erlea of mod
em forelen lan
guages. Slmploat, 
easiest - to - muter 
language m e t h o d 
ever devised. J'reDch, 
Spanish or GermiUL 
Pocket size. 
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Ord« en eur flv11 tlay mon~ baek 11laa. 

FREoERicKJ:-DRAKE_&._cO..- -----
.1009 Michigan Ave., Chicago, 111. 

Enclosed ftnd ($.- ........ ) , for which please aend 
me prepaid the bookll checked in tbls aciY. (or lllt 
attached). It 1a agreed that I may return same Ill 5 
days l! not entirely satlsfted, and money wlll be 
refunded ln full 

Name ......................................... .. 

Addreu ..•............•.....••......•...•.••..••. 

You beflefit bv mentio,.ing the "ElectricCJi Erperimenter" when writing to adt•l.'rtiurs. 



216 

ELECTRICAL EXPERIMENTER 

Motors and Electrical 
Specialties Are.Best 

Knapp Goods have stood the test for 29 years. No detall In 
construction has been spared to make them the best that money 
can buy. The complete Knapp line includes Toy and Power 
)lotors, Gen- · 
era tors and KNAPP "LEADER" 
Dynamos. Spe- An emctent and reliable motor that areatly re• 
c l a l ties and ;:~~l~tthhe~ b~~~fe~~ors~re:~~~~e~J>Ja~!~ers~rtv~ 
N O'l'eltles t h at motor that you will be proud to own and one that 
amuse and in· will alve you unlimited service. 
struct. J'an11, 
R he o • tats, 
Compasses, etc. 
And Knapp 
prices are al
wa)'s lowest. 
A.lwa7s Insist 
on Knapp 
Goods. 

KNAPP DYNAMO MOTOR 
Will electroplate. ~bar1e atorqe battertetl, run lamps, 
motol'll, train or ears. Induction colla,-in tact, the nwnber 
of experlrueuts it can be ueed for Is unlimited. Buns on 
' to 6 Volts or can be connected to run ou 110 \'olta 
daroQIII a transformer. 

Price, Complete, $8.00 Price, Complete, _$4.00 
Order to-da-''· Or yo11r dealer cara secure them for you. DESCRIPTIVE CIRCULAR and 

CATALOG of celebrated KN_APP MOTORS and Electrical Specialties from 10c ufl tflllil'cl 
FREE otJ request. 

KNAPP ELECTRIC 8c NOVELTY CO., 523 Weat Slat Street, New York City 

ARE YOU GETIING THE MOST OUT OF YOUR RECEIVER! 
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 thos~ inaudible signals 
audible that the Grebe RORB two
stage audio-frequency amplifier has 
been designed. Here is a properly 

balanced two-stage amplifier, which gets the most out of 
available vacuum tunes 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 well as the stage circuits. are con
trolled bv this cam switch. This is a feature not found in other 
amplifiers available at present.· Send for bulletin R-108. 

TYPE ROR8, 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 these wonderful books 

Home-made Electrical Apparatus 
By A. M. l'oUJell 

Three wonderful big books, chuck full of just the sort of information 
you have been looking for and at a price within reach of your pocket book. 
Each l·oJume i~ printed on heavy paper, contains 75 pages and over 80 
Illustrations, complete working drawlnta tor maklnt every tort of electrical 
apparatua. Written 110 you can understand them. The price Ia only 30 
cents per copy-practicallY the cost of publication. See partial table of 
contents below and order now. The supply is limited. 

Val. I Contains working drawing• and directions for making all sorts of Static Ma
ehines, Static Apparatus, Home-made Batteries, Storar• Cells, Transformers, Recti· 
fters, etc. 

Vol. II contains tcorking drawing• •nd direetlons for all sorts or Voltmeters, Am
meters, GalvanometPrs, Switches, Rheostat., Telearaph Keys, Sounders, Telephone•, 
Shocking Coils. Spark Coils, Experiments, etc., etc. 

Vol. Ill contains working drawinos and directions for makln11 all •orts of D~mamos, 
lfotors, Electric Engines, Miniature Llehtlne l'lants, Wire1e11 Telegraph Apparatus, 
Testa Colis, Wlreles~ "'elephono, Electroplating, Experiments, etc .. etc. 

Any one of the~e wonderrul books will be sent to you fJOMifJaid for 30 cants. 

COLE & MORGAN, Inc., l'uhli-'a•r• end Boolc••ll.,• 
P. 0. Box 473, C. H. Sta., New York City 
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any place in a large hall, nearly three· 
quarters of a horsepourer, lighting incan· 
descent lamps, producing long discharges, 
streamers, etc. One of my exhibsts, which 
was particularly appreciated, was 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 Colof'Gdo I dr~w 1· 
inch sparks betweeiJ my body and a1J iro,. 
pipe buried in the ground about 100 fut 
from 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 proper pre· 
cautions, however, it is possible to entirely 
eliminate this danger and I have devoted 
much thought to the subject, having early 
recognized the peril to such bags filled with 
hydrogen. According to my ideas, the ac
~ident is not so much chargeable to the 
plant as to the neglect of proper precau
tions on the aerial vessel itself. 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, aerial vessels. 

"Why do the naval and other authorities 
allow such forms of aircraft to use an ex
plosive gas like h)•drog('n:-' 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-inflammable balloon gas
hl'limn, to such an extent that it was very 
cheap and readily obtainable in quantities. 
Funny, how these "new" inventions require 
so long a time to reach the public and those 
who need them. Helium, extracted from 
illuminating gas, is not new or wonderful 
at all. My friend, Sir James Dewar, 
showed me experiments wtth it over 2() 
years ago.'' 

How radio waves, even at distancei 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 everv time a 
radio mt'ssage is sent from the sh'lp or in. 
its vicinity. This induced current is prac
tically never strong enough to beat up the 
wire, hut should one of these wires break 
and fonn a spark gap, then very often the 
induced current will cause a spark to jump 
the gap. That is enough to start .a fire. 
\Vhere wired bales are packed close to
gether in the hoiJ of a steamer, in trains. 
or warehouses, here also radio waves are 
liable to cause 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 origin" has started. 

M. George A. Leroy, a French chemist. 
in his municipal laboratory at Rouen, 
France, very ahly demonstrated that wire· 
less waves could without doubt cause fires 
at a distance. His apparatus ·is shown 
schematically herewith. 

Mr. Leroy's apparatus has been christ
ened hy him the ''Igniting Resonator.'' The 

Loo C .. ADVANCED EXPERIMENTER& apparatus he used consists of a Rlass hulh 

A ld se oup rs Our S)lllclalt:v IR to ~PrV(I you. W!' lmlld hlah·smt•le having four aJH'rtures: one at l'ither side 
CeMitiUiiea JAoH C..p• apparatUR (}r lnodels to Ml)tu•)ftcatiOIIK, furulsh Mt1UUI&t4f and OIJe at the top and b0tl01ll, respectively. mo lerPertsallllacce-"ts. apparatus. parts, matt•rlals and MUiltJIII's and dp 811"" The substance to be tested with this i(Tniter 

<'ial machine work. Tell us your needs. "" 
Send 3c sta~C for lit- JUNIOR EXPERIMENTERS resonator can he placed in the airtight 
erature whu: 11 sure ~~a~!~usre~~tr:lci~; -ro~in~o~~ 6~~~c';!rt~:~~ ':ire!~ glass compartment and the two ekctrodes 

•••••••••• to interest you. made, practlca' and instructive as well u inexpenlife. very accurately adjusted by micrometer 

J. F. ARNOLD 2082LeslnatonAv.N.t. Cat. E and code eent for 30 atalll),J. screws fitted to them. The transmitter 
Eatabliahed 1910 THE WILCOX LABORATORIU. Lansing, Mich. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~oo~m~p~ri~s a ~a~ roil ~ring a IS~o~~ 
Yo11 benet:. vj• mentioning the •· Electrical Experimenter" ·when ·writi11g to ad1•ertiscrs. 
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BUY THE BEST 
The Audion or V T Detector bas been 

vastly improved in recent years. To keep 
pace with this improvement we have de
n~lopcd the Amplifying Transformer to a 
degree hitht·rto unapprnache<l. 

These lustrumcnts are t•an·fully made of 
the hest materials ohtainablt•. 

Ratio of Turn~ -t to I. 
Ratio of Amplification about 25 to 1 per 

step. 
l't!ak Amplifil·ation Approx. I 000 Cycles. 
l'riet' $10.00 Mnunk•l. $7.50 £Tnmount('d. 
If your Dealer l'annot Supply you, im· 

mediate delivery <'an he l)latlc <lirect from 
the factory. 

ACME APPARATUS CO. 
28 WINDSOR ST., CAMBRIDGE, MASS. 

N EW catalog just 
off the p r e s s. 

Seventy-six pages of 
new apparatus for the 
Radio Experimenter. 
Send 4c for this com
plete catalog. 

Haller, Cunningham 
Electric Co., 

428 Market Street, 
San Francisco, Cal. 

Get Our Prices 
on the Wireless Apparatus 
you need, before buying. 

We handle new and aecond band in· 
atrumuta on which we can Ave you 

money. 
All Second Hand lnstrurnento guaranteed to 

be in perfect working order. 

WHAT DO U NEED? 
Send ua your list now 

Radio Equipment Co. 
630X Waabinlflon St. Boston, Maas. 

NATIONAL~ DENTAl 
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LEARN MEc:~~~ri:£N~I:rir ~'DE~AN8
1

• UNUMITED 
A paying professional trade: You will be a trained dental 
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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 the intervening ether, causing corre
sponding currents to be induced or set up 
in the receiving loop. As in the historic 
experiments of Hertz, this loop will gather 
sufficient energy from the etheric waves 
to cause a small spark to jump a gap con· 
nccted 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 be heated 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
ally packed for shipment. "Spontaneous 
combustions in cotton warehouses and in 
~hipholds loadt'd with colton or similar 
material, are 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 
of 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 
bales, 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 tune 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 resonance, 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 tbc:: 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 Lo 
form one or more resonant circuits, which 
may cause 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 strength to cause a spark to jump 
from it ; a straight metallic wire, bar or 
even tools, lying within a few yards of a 
small high frequency coil, will pick up 
sufficient energy to cause sparks to jump 
from them, and they will sometimes glow 
with a vivid hrush discharge when viewed 
in a darkened room. 

NATIONAL INSTITUTE OF IN
VENTORS. 

The installalion of the otlicers of the 
·National Institute of Inventors, 118 Ful
ton Street, New York City, N. Y., was 
held at the Broadway Central Hotel re
cently, in the presence of 1,000 guests and 
members. After a verv fine entertainment 
in which the well-known· coloratura-soprano, 
Miss Edna Blanche Showalter, had ren
dered selections, and Miss Cecelia Born
stein executed in remarkable fashion her 
salomt: dance, the newly elected officers 
were installed. 

Addresses were given by Prof. Chandler, 
a chemist of international reputation and 
patent expert; Joseph H. Choate. Jr .. who 
spoke of the founding of the Chemical 
Foundation.- Inc., to which foundation all 
the German chemical patents had hecu 
turned over lry former Alien Custodian, 
Attorney-General Palmer, and an address 
was made by Thomas Howard, executive 
chairman of the institute, on the severance 
and· dissociation of the patent office from 
the Department of the Interior, and the 
establishing of a Court of Appeals to pass 
upon patent litigation. He was presented 
with a medal for faithful sen·ices. Refresh
ments were served and the guests danced 
until the wee hours of the morning-. 

Tht.· newlv elected officers, to st•n-e until 
1920, were L J. \\' ing, President. pitii\Cer 
inventor of exhaust fans; Carl Schonert, 
manufactnrer of automobile accessories, of 
Newark, First \'ice-President; Robert C. 
Lafferty, architect, New York City, Second 
Vice-President; Cieorge Julian Houtain, 
attorne\· at law, of 44 Court Street, Brook
lyn, Third Vice-Pre~icknt; ~tilton F. \\'il
liams, manufacturer of puh"erizers. St. 
Louis, Mo .. Fifth Vice-President: \V. H. 
Kennedy, Recording- Secretary; Nathan 
Langer, Treasurer; Paul Re\"Cre Fay, one 
of the fighting Sixty-ninth, Executive Sec
retary. and R. N erenstone, Assistant Execu-
tive Secretarv. a 

On the Board of Governors lo serve 
for five vears were elected: David Moss, 
New York City; L. Kenner, New Orleans; 
Julius Glantz, New York City: :\I ichacl 
Quinane. Paterson. N. J.; J. ~t. Harding, 
New York City. 

AND WOMAN IS LUCKY TO MAKE 
ONE MATCH. 

One of our newspaper frientls-tht• Ok
lahoma City Times-quotes us as ft)ll'"'"": 

"The ELECTRICAL ExPF.RHIEXTER tells us 
that a man contains phosphorous enoug-h 
to make 800.000 matches, and it tnight he 
added that a woman does well to make 
even one."-(Yt•s, very well, we'll say she 
docs! With shoes at $25.00 a 1hrow, 
dresses at $100.00 a piece. and food-Ach! 
Hoover-the needle! ! The thought of 
H. C. L. to-day g-ives us a fever of 114" 
in the shade.-En.) 

Yell benefit by mentioning the "Biectrical l!':rf•crimtntcr" when writing to advertisers. 



219 

New York Herald 
Sunday, Oct. 12, 1919, Magazine Section 

SIGNALS TO MARS BASED ON HOPE OF LIFE 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, it 
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 like 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 
for 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 possible 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 calculate 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 i'nfluence 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 r~ars, 
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 11 doubting Thomases" 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 
injured. In their recent record flights Roelfs and Schroeder have found that at a 
height of about six mjles 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 this instrument will be efficient under 
such conditions. 
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Electrical World 
Sept. 24, 1921 p. 620 

INTERPLANETARY COMMUNICATION 
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 heliotropism; then other influences assert 
themselves, and in the course of ages, through continuous adjustment to the envi
ronment, automata of inconceivable complexity of structure result. In the work
shop of nature these automatic engines are turned out in all essential respects 
alike and exposed to the same external influences. 

The identity of construction and sameness of environment result in a concordance 
of action, giving 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 insuperable. 

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
tible in a radius of more than a 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 commented 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. 

Nikola Tesla 
New York City. 

Reprinted with permission. Reprinted from September 24, 1921, issue of Electrical 
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 conducting 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 11 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 11 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 and 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 M. 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 extraordinary conclusions - that Hertz waves do not exist! If his theory 
is true, there may be found in it more adequate exp 1 ana t ions of 11 dead spots 11

, 

fading, reflection and a dozen other problems that have always puzzled the 
profession. 

The inventor began by referring to Cockaday 1 s article: 
11 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. 

11 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 possessed 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. 

11 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 
greater 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. 

11As the waves of this kind are all the more penetrative the shorter they are, I 
have for years urged the wireless experts to use such waves in order to get good re
sults, but it 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 transmission will be as common as transmission by wires." 

According to Mr. Tesla, the present broadcasting station does not propagate Hert
zian waves, as has always been supposed, but acts more like an 11 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 World 
Nov. 29, 1929, p. 10, cols. 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 commodity. 

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 patent 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: 11 Were 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•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 economica.l 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 the 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 11 mouse-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 unpleasant recollections. To the public 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 information 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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I
N this instructive article, the g.re~t sci~n· 
tist and inventor who revolutaonrzed an- , .. 

,_.. dustry and communication with his al-
ternating current motors and distributing -

·· system, and opened the way for radio with 
his high~frequency researches, analyzes the 5 
problem of obtaining power to replace our ~ 

-- wasted fuel and indicates the method of ~ 
tapping the 'earth's hidden resources which TI 

~ ;;:!.~upport the ;nduotry of future gen<'a· ~ 

~:llli•lltli~!H! 11 I'!I[l!lllllii.lhClllllll•il!llt~lllll!lllll1Cl!iillllillll[lU:illllllliCllllllli!llr,; 

r ['IIF. material as w~ll as in~elle<"tuul 
progress of Man JS beconnng cVf'r 

.. more dependent on the natural 
forces and energies he is putting to his 
service. While not exactly a true meas
ure of well being and enlightenment, the 
amount of power used is a reliable indi
cation of the degree of safety, comfort 
and t·onvenien<·e, without which the hu
man race would he subject to increasing 
suffering and want and civilization might 
perish. 

Virtually all our energies are derived 
from the sun, and the greatest triumph 
we han: achieved in the utilization of its 
undying fire is the harnessing of water
falls. The hydro-electric pr<)('ess, now 
universally ewployed, enables us to obtain 
as mueh as eighty-fiw per cent of the 
solar t•nergy with lllachint•s of t'lementary 
simplicity whil'h, hy · rt·-.OI"tillg' tt~ the lat
t•st improvt•mt·nts in the h•(·lmH'a I arts, 
miJrht be madt· capable of t'nduring for 
centuries. The~e aclvantagt>s are entirely 
t~xceptional, \'t•ry S('rious handkaps and 
great, una\·oidahle losses eonfronting us 
in all other transfol'llwtions of the forces 
of nature. It is, therefore, desirable in 
the interest of the world as a whole, 
that this precious resouree should be ex
ploited to the limit. JudJring from the 
averap:e height of the water di~<·harged 
annually {rom Hw <"lomls, and the nwan 
fall over the aggrt'gatt• land surfa<'t•, the 
total terl'(·strial water powt·r may he 
theoretically estimated at tt·n billions of 
horse power. Of <·our·sc, only a part of 
that is suited for praetkal development 
and relatively little is aduallv utilized
twenty-five p.er eent, perhaps, ·in the most 
advanced countries, Jess in others, and 
there are some in which not even the 
ground has twen hroken. Great waterfalls 
exist in many inneeessible regions of the 
p:lohe and w·w ones arc ht'illp: dist•ov
ered, all of which will he eventually har
ncsst~d wht·n th<' wirt·lt·ss trHnsmission of 
energy is ('ornrnercializrd. Tlwre is foun
dation for hope, howe,·er, that our pres
ent limitations in the amount of the 
availahle power may he removed in the 
future. Three-quarters of the earth's 
surfa<·e are eovered by the oceans and the 
rainfall over all this· vast area is useless 

Above and at the right, the arrangement of 
one of the great terrestrial-heat power plants 
of the fut4re. Water is circulated to the bot
tom of the shaft, returning as steam to drive 
the turbine, and then returned to liquid form 

in the condenser, in an unending cycle. 

for our purpose. Much thought has been 
given to artificial production of rain, h11 t 
none of the means proposed offt•r·s the 
slightest chance of suecess. Besides, so 
far only the precipitation in a limitt•d 
region was <'ontcmplated, leaving the total 
t}llantity of moisture for the t•ntir·e land 
unchanged except as modified through the 
natural h•ndt•nc·y of the oceans to divert 
more and wore water from the conti
nents. The real and important pt·ohlem 
for us to solve is not to bring ahout pre
cipitation in any chosen locality, hut to 
reverse this natt1ral pi'Ocess, draw the 
Vapors from the sens and thereby increase, 
at will, the rainfall on the land. Can 
this he done? 

The s1111 raiSt·s tilt' water to 11 !wig-ht 
\vlwre it t't'lllllins in a state ot' tlt·licate 
su~>pt•nsion until a disturbance, of rl'la
tively insignificant energy, causes con
densation at a place where the halant'e 
is most easily disturhed. The action, 
once started, spreads like a conflagration 
for a vacuum is formed and the air rush
ing in, heing t•oolpd hy expansion, en
hnnces further condf'nsation in tlw sur
rounding masses of cloud. All life on 
the globe is ahsolnt('ly depentlt•nt on this 
J!iganti<' triggt•r mcclwnisru of nalurl' untl 
my c•xtt'rult'd ohst•r·valions havt• slwwn 
that the c·omplt-x l'fl'l'ds of lighluinp: arc, 
in most t·ases, the chief ('ontrolliug agenh. 
This theory, formulated by me in 1H!l2, 
was borne out in somt• Inter t'Jqwrilllcnts 
1 rwule with artificial lightning holts 0\'1'1' 

100 feet long, ac<•ording to which it ap
pears possible, by great power plants 
suitably distributed and operated at the 
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By NIKOLA 

WAlER 

Internal heat 
of the earth is 
rreat and, in 
comrari-
aon w1th the 
demands which 
man can make 
upon it, is 
practically in
exhaust-

ible: s i n c e the 
heated contents of 
the earth are sex-

tillions of tons. 

proper times, to 
d r a w unlimih·d 
quantities of wa
ter from the 
o t' c a n s to the 
continents. The 
maehint•s lwing 
drin·n hr water
falls. nil .tht• work 
w o u I tl ht~ pl'r
fol'lllt'd hy tlw 
1-1111, w hi It• Wt' 

woultl haVt' llll'l'l'
lr to rcll'ase the 
tl'igg-t·r. In this 
malnH'l' we 111ight 
obtain suflidt·nt 
energ-y from fall
ing water to pro
vide for all our 
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this, we 
could create new 
lake;; and rivt'r-;, 
indn<'t' a luxttr·ilmt 
flora and fauna 

antl C'Oll\'t•r·t e\'t'll tilt• arid 
)..111111" of <lt' . ..,t·r·h into l'ich, 
fer·tile ),oil. 

But the fnll realization 
thi.; idea is ,·er-r r·enwtt•. The 

hard fad i!'> tlrat 'unlc~. . .., III'W rc
~o.ottl'<'t·S ar·t· upt·rwd 11 p, t'lll'l'I!Y 
ciPrivt•tl fr·or11 fut·l will l't•IJIIlill 
011 r elrief n·liant't'. Tht• tht·r·mo
dyna.mic prO('l'"s is wasteful and 
barha1·ous, espec·ially when lnu·n
ing <'oal, th<' mining· of which, 
despite of 1uodt'rn hr~provcnll'nts, 
still involve<; untold hardships 
and dang-ers to tilt" unfortunates 
who m·e condemrwd to toil d<'ep 
in the howt•ls of thl' earth. Oil 
unci natu rul ~ras u rt• irrliiH'IISt'IV 
superior in this and other r~ 
spects and their use is rapidty 

Power 

The ambitious 
scheme pro
posed here 
draw 1 power 

from the. depths of the sea, util
i&ing the warmth of one laye:, 
brourht into contact with the 
cold of another, to operate great 
power plants. Its practicability, 
aa well as the theory of its oper
ation, i1 analynd in thia re-

markable article. 

extending. It h quite e\·ident, 
thou~h, that this squanderin~ t•amwt ~~~ 
on indefinitely, for geolo!£it·al inn•sti~a
tions pro,·e our fuel stort>s to ht• limitt>d. 

jZI'eat has het>n tlw drnin on tht>m of 1ntt• 
yt>ars thnt the spt•t'tl'l" of t>xhaustiou is lomnin~r 
up thrt>ntenin~£lr in tht> distance, and t'\'erywllt'r~ 

minds of t•n~rinet•r·s and in\'t'ntors art> lwnt upon in-
t·rea:-.in,~r the l'ftkicncy of known methods und dh.cm·t>rin~ 
new sources nf powt·r·. 

Nahll't• has pr·ovidcd Htllllum
tlant supply of l'lll'l')!Y in \'ari
ons forws which mi~rlrl lw t•t•o
nomic:dl\' utilbwll if pwpcr· 
menns ~nd wtws ean he de
vised. The su~·s rays fallin~ 
upon the enrth's surface repre
sent a quantity of energy so 
enormous that but a small part 
of it could met>t all our de-
mands. lh· nm·rnal incidt•ru·c 

The "cryophoros" is well known as 
a scientific toy. exemplifying also 
the principle of refrigerating ma-

chinery. 

!Ire rate i:-. .rucdtankally t•qui\'alt•nt to nhout 9!) foot pound.; pt•:· 
;,quar<• foot per "-t't'tllHI, or· Ut'lll'l)' 'i:lOO horst• poWl'l' )lt'J' IH'I' • 

of 1-CrmuHl. ln tht• I'IJIIIItorial l'l',lrions tlw nu·an annual r·at · 
is npproxiuwtt·lr 2:1:W anti in om· latitudt•s n:n lrorM' Pll\\'l'l' 
for the sa1nc art•a. By using' the heat to J!t'IH'rate stt•unr :nul 
operating a tnrhiut> undt•r hi,~rh \'H<'lllllll pr·ohuhk :.?OO horst·
power per ucre eould ht• ohtnincd as lll't ust•ful pt~\\'t•r in tht•st• 
parts. This would lw \'ery >.atbfadt~ry Wt'rt• it not for tlr · 
cost of till' uppar·utns wlridr is ,lrl't•atly inl'rt·a~l'd hy thl' Jlt't't':-. · 
.-.it_v of c·nrployilll£ a ~.toi'HJ.t't' pluut :-.nflil'it•nt to t'al'l'y the lout! 
ahuost thr·t·e-qHal'tt•t•s of till' tinw. 

The <'llt'l'I!Y of lig'ht rays, constilutinf! ahont 10<;~, of tlw 
total radiation, mi,~rht ht> captured hr a <·oltl anti hiy:hly t•tfkient 
)li'Ol't'SS in photo-I'Jt•dl'it• l't•lls whit'h llliiY ht•t'OIIII', till thi~ 11\'

<'IIUilt, of pnrl'tieal imptH'taru•t• in I hi' futun·. ~Ofllt' pro,~rr~'"" 

in this dirl'etion has hecn alr·euth· tH'hit•n•tl. But for tlw tinw 
ht'ing' it appt'ars fnlln a <'nreft~l l"•timutt·, tlurt "olur pnWt'l' 
dt'rin•d from radiant hl'at and li,~rht, t'\'l'll In the twpit-!o., offt•rs 
:-mall opportunitie~. for prnl'tit'al e:o.ploitation. Tlw existin,: 
handi<':lps will he laqn·lr rt'IIIO\'l'd when tht• wir·l'!t•ss uwthod of 
powt>r taansmission <'omt•s into ust•, Many plants situated in 
hot zones, eould then be opt'rati,·ely <·onm•t•h•d in 11 great 



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 ~orreat energy which I discov
ered in 1899. Two years previous I had 
been engaged in an investigation of radio
adi\'itv which led me to the conclusion 
that t.he phenomena observed were not 
due to molecular for<·es residing in the 
&ubstances themseh·es, but were caused 
by a cosmic ray of extraordinary pene
trntiveness. That it emanated from the 
1\Un was an obvious inference, for although 
malty heavt>nly bodies are undoubtedly 
possessed of a similar property, the total 
radiation whit'h the earth receives from all 
the· · s u n s and 
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measurably improved, we may find ways 
of capturing this force and utilizing it 
for the attainment of results beyond our 
present imagining. 

The tides are often considered as a 
source of motive power and not a few 
engineers have expressed themselves fa
vorably in regard to their use. But as a 
matter of fact, the energy is, in most 
places, insignifieant, the harnessing of the 
waterfall over an acre of ground yielding 
but little more than one horse power. 
Only in exceptional locations can the 
power of the tides be profitably devel
oped. 

It has been the dream of many an in-

FIG. 7 

December, 1931 

twenty-four hour power comparable to 
that of a waterfall. Thus we are led to 
consider terrestrial heat as a posliible 
fountain of unvarying energy supply. 

Terrestrial Ener~~· 
It is noteworthy that alrell(lr in 18.'>2 

Lol'(l Keldn called attention to natural 
heat as ll source of power avnilahle to 
:\Ian. Rut, <·.ontrarv to his hnhit of 
Jroing to the hotto111 'of C\'t•rr suhjel't of 
his investigation~, he contented himself 
with the mere SUj!goestion. Later, when the 
laws of thermo-drnamics lwcame well 1m~ 
derstood, the pr~spects of utilizing h·ru
perature differences in the ocean, solid 
t•at·th or the atmosphere, lul\·e been often 

exmuhwd. It is 
~tars of the uni
verse is only a 
little more than 
one .. quarter of 
one per cent of 
that it gets from 
our luminary. 
Henr.e, to lo~k 
for the c•osmic 
ray elsewhere is 
much like 
•"chercher le 
midi dans les 
e n ,. i r o n s de 
quatorze 
heures.'' :\Iy 
theory was 
~trikingly con
firmed when I 
foun~l that the 
sun d o e s, in
deed, emit a ray 
marvel0\1 s in 
the inconceiv
able minuteness 
of its particles 
and transcend
illg speed of 

Desien of a vessel to be propelled by energy derived from temperature differences in the water. The symbols 
de1!i&natin& the operatin& mechanism are explained in the text. 

\n•ll known thnt 
tlwre t•xists, in 
tropical seas, a. 
differt>nce of 50° 
F. between the 
surfa<'e water 
and that thrt>e 
milt•s he ln w. 
Tl•t· h·mlw•·n
ture of lht• 
forJiwr, being 
suhjel't to Yari
ations, an·ru~es 
82° F., w hi I e 
that of the lat
ter is normally 
ut least, at 32° 
F., or nearly so, 
as the rc~ult of 
the slow influx 
of the ke-<·old 
polar stream. In 
solid land the~e 
relation" nre re
\'er!.t>tl, the tcm
peruturt• in
<'r(.'usin~ about 
one de~rt•e 

tlll'ir motion, va~tly· I'XCt>Nlingo that of 
li~ht. This ray, hr impin~ing a~ainst the 
t'o~»mic dust j!<'nt•ratc>s a scl'ondary radia
tion, relatiVt•ly n·rr feeble but fairly pen
etrnth·e, the intensity of which is, of 
<'~urse, nhuo~>t the same in all directions. 
German scientists who investigated it in 
1901 assumed that it came from the stars 
and since that tilne the fantastic idea has 
been ad,·anced that it has its origin in 
new matter c•onstantly created in inter
~tellar spaee!! We mav he sure that 
tlwre is no pla<'t' in tlu." uuiv,·r·~p wlu·re 
h'H'h a fla~trant violatiou of natural laws, 
H<., IIH· flowilrj! of wai1·J· uphill, j.., l"'""ihll•. 
J'<·rhaps, ~Oil II' tirrw in tlrl' fu tur·e when 
oar mean& of irn·c.,tigation will be im-

~ look for noon arounrl " o'l'!ol'k." 

Fu11damcmtal plan of a system whereby the trans
fer of vapor between two vessels at different tern• 
pe.t'l\tures drivel! the armatur{. of an electrical 

generator. 

\'en tor to uf ilh~c· the PJwrgoy of oeenn 
\\'11\'I'S, whit'h is t•onsi<lc·rahl<·. Hut ttl
though numerous schemes have been ad
vanced nnd IIlllCh in~tennity shown in de
vising the mechanical means, nothing of 

FIG. 3 
A more complete Hkctch or th~ thermodynamic 
!!YKic:m, in which the nccess;u y <Iegree of va< mun 

is productd by the suction pump E. 

commerdal value has so far resulted and 
tlw pt·ospet'ts m·e Vt'l'Y poor on a<'eount 
of tc<"lmieal dillkulties aJHI the <·r•·atic 
chamcter of this power source. 

The force of thc> wind can he mtwh more 
ea~ilr put to our service and has heen in 
pradi<'al usc sinee times irmnemorial. It 
is invaluahlt· in ship pr·opulsion aud the 
windmill must he sniously l'l'~ardl'cl as a 
powt'l' 1-!:t'IH'ratoJ'. 1 f tlw l'ost of this 
('IIIIIIIIIHiity ,-,JtouJd /-!:I'I'Hfl)' illt'l'l'ilSt' \\'t' will 
he JiiH·h: to ~t·t• the <'ount l'it•s dol ted with 
these tlrne-honon·d <'ontl'ivanc,•s. 

Unfortunately, the value of all thl'se 
rcsmrrecs is v1·ry lllll<'h redtH'Nl hy p<'
l'io<lic and <~asual var·iations, anti we an~ 

driven to search for a source of constant 

Fahr. for C'\'t'rv 6t ft•l't of dt·~<·c·nt. \'t•ry 
j!rl'at dilfer1•nt:,.,., ar1• nlso knuwn to t•'\i ... t 
in the utmosplwrt•, tlw tclllpt•ratnre dilllin
ishing with the distance nbove the eurth's 
),Urfaee ac<'ordinj! to a <'omplt•x function. 

But while all this was of eommon 
knowledge for at least 'I'!'S )'<'nrs nnd the 
utilization of the hc>nt of tht• t•arth for 
power purpost•s n suhje<'t of spe~·ulation, 
no decided attempt to this end seems to 
have been mudt> until an Amerienn en
Jrineer, wlw~t· nanu· 1 han• bet•n unahle 
tn HM'l'l'taill, p•·opo~<'ll to opt·rull' t'll~i1ws 
hy ~ll·u111 /-!:l'lll'l'ld,·tl in hi~orh \'IH'Ulllll from 
llw warrn ... nrfat't• wutcr und l'tllHkll~t·tl 

hy tlu· l'old wain p11111Jll'd fr·o111 u p.r·,·al 
depth. A fully and (C'outi!tiU<i un l'"!J!' 7S) 

FIG. 4 
Here the water, or other fluid operating the tur· 
hinc D is kept in a dosul sys1en1. l'irq1lating 
through condensers immersed in water of differ-

ent tempuatnres. 
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GE 
'IRE 
OF AN o•RDIA.N 
.A Cym t1fllom1 foNaA.~ )bullront 

Get Strong! Enjoy the thrill which giant 
f;frpng-tb gin~s to the varsity onr~mun. He 
must be "thHe" to ~tan II the Rtra in and •·n
dure the greatest nnd most t<•rrlflc strength 
tt•st put to any atlllPte. If yon want mn>~
f;ive shouldPrs-a miJ.!"hty cht>><t-arms likP 
iron,-a powHful bnC'k-lt>gs llko> plllarR of 
f;tt>ei aud an all arnnnd pPrfect athlt•te's body, 
~<top lh'l'l\llllng. W1Lke up! The invention of 
tht> Yb:-How is the nn ... wer to your <lrelllll. 
'l'hl' Yb:-Uow wa~ crPatt•ll a11tl built by 11 
man who hullt his own body from a wenk
Jin~t ttl thut of a dllllnJiitl!l-the Vlg-Uow 
llfl't·r~ btHI,\'-hulltllllJ.\" prlni'IJ>h•s nl'\'t•r rl'vellll'tl 
t <1 thl' JIUhlie lu•forP hl't'll nNe it is tho onl.l' 
tlllll'hllw of ltH klull hullt by n mnu whu 
IIIHit•r~>~tatult-~ lllll1Whl hnlhlhtg. 'l'ht• Ylg--Row 
ts tlw pprfpct tlcYicP for kt>t'Jllng fit llllll gpl
tlnJr stron~. HP l'lttre to in\'et>tlgate the VIG
ltOW !-You will ngree that it is the grPat
Pst a1Hl mol"t p~>rfPct rowing machine ever 
markl'tNl, rPJ.!"IlTtlli'"S of prke. lts many fNI· 
turt•s and heattt~· will nmnze you--our slogan 
f;; "J.'.\CTH J.'IRRT"-tiH'n the sal~>-sen<l 
no mnnp~·-write now for additional free in
iormation. 

haadae VIG·BOW ftrst 
~pace clo~m·t permit the ~ntlre story about the VII!· 

R·m·. It haa too many rNtl features. There are too 
many rrasons why you should selert the Vig-Row. '\'e 
clun't ask you to purchase from this advertisement-we 
do ask that you write for our large photographic rlrou
lnr so y<Ju ran see anc.l realize the ditTerence yourself. 
"'rite for free f11cts now. fl<m't buy now, from us or 
anyone else----compare--examine-test-don't buy a cat 
in the bag-11Tile us now nnd get the wonderful com
plete Vlg-Row story that brlugs you the reason why you 
will be 11roud _to own a ''ig-Row. 

FREE Instructions 

1 Jnrlinetl fnme 
for true row
Ing motion 

2 Ruhher \\heels. 
olll~<s bear-
Ings 

:l Arch support-
Ing root n·-t 

4 Rolling, form· 
fitting a I u • 
mlnum seat 

5 Polished hnrd" 
wood rrnme 

6 Instantly adjust
able pro~tre< • 
BiVP t'Xt'rf'b· 
in~t. nlt'kPh'd 
sterl ~pring~ 

'l' Platform f o r 
stan•llng ex
t·rrht"s. 

8 Aluminum front 
9 lluuhll' roliprs 

10 Ventilated han· 
dies 

Na- .................................. Ave 

Str"t ............................................• 

City ..••.•........................ State .......•.•• 
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Our Future Motive Power • 
(ContinuPd from pag(i 28) 

f":lrt'fnlly workNl out plnn of this ldnd, snp
Jiol'tt>d by tiJ.I'IH't'S lllltl eHtllliUtes, wus suh
lllitte<l by him tlt Jtl'omiuent catlitalists autl 
bwslUI'SH IUell of :\ew Yol'k nbont no years 
n;.ro. He uot only contemplated the llro
tludlon anti tlh;trlhntion of power for gen. 
Pl'lll nse but iuteltlletl e\'en to propel boats 
hy l'IH'I'J.I'Y d<·r·h·etl iu the same manner, 
mliuJ.!', Jll'l'f<'l'nhly, t•ther nl'! working fluid. On 
llt't·unllt of ills tll'nt h, uJ• for other reaHOnH, 
tit~ projt!ct WUl! not carl'lell into practice. 

Of thfR I learned much latl'r when I tn
fl'l'l•KtP•l in my nltl•l•natlng system Alfretl R. 
nl·own, ll WPU IUIOWil tedmlcal expert, 
calletl upon to ex a mine the merits of my 
itn·entlonK, lllltl C. 1<'. Peck, a tllstlngnisbed 
lawyer, who organized a colllfiUny for their 
t•omlliPI'I'Ial iutrudul'tiou. 'l'hPKt' uwn wer·e 
uuron;.r the fit·Kt a]IJtl'oncht•tl hy the engineer 
and ~onsitlerell his plan rational in principle, 
bnt the Jtitw lines, pnmps, engines, bollers 
llltti colHlPu~o~ers involved too grl'at nn outlay 
lllltl, bl•sitles, n profltnhle <lisposal of the 
powt>r was difficult and uncertnin. 1\Iy dis
en\'<'I'Y of the rotating magnetic tleltl brought 
nhout n change in the situation antl hi their 
attitntle. They tl1on;.rht that if t11e energy 
coul(l he ecoiJOillit•ully tmnsmlttetl to dls
tnnt plncf's by my sy~o~tt•u• lllltl the cost of 
thl'< (lCl•an J!lllnt Rnhstantinlty retlueetl, this 
iiH•xh:IIIHtiblt• ~o~olll'l'l' rul;.rht lw IWt'I'I'HHfully 
«'X!IIoltt•tl. J\Jr·. l't•t·k luHI lltiiiiPIItlal <'ollnPt'· 
fioiJH, lliiiUII~ thPIII ,Joilll ('. :\Jool'(', tho 
fouu,Jpr of the haul>ln:..:- hollHt• lwarlu;.r his 
11:1111('. 'Yith the l'X('Plltiun of thl' lute .T. P. 
l\Ior:mn, who towet·l'd ahu\'e :111 the "'all 
f\t 1'\'t>t }Wnple like Hnm11on O\'er the Philis
tiltt•s, :\Ioore wns ]ll'ohahly the ~Stl·ou~est 
perRonality. I wnR J,!"inm tu tmtlel·stanti 
that If I l'nllltl e\·oh·e a plan sntiKf:tctory to 
l\lr. I~r·owu anti other en~luePrK, nil the CUll· 
il a I· req uir·e(l :for nn entl•rpt·ise ou n very 
1ar~e Renle, as C'ontemplatetl hy tlwm, woultl 
hP tlromptly furnished. No encouragement 
f1·om my associates was neetled fot· •leter
miutng me to un<lertake the task, ns the 
ld1•a appeared, at first, wonderfully lH'Oill
isiug- atHI attracth·e although there wus 
nothing about it funtiamentally new. 

rnoouhle<lly, the esRentlnl contlltlons re
qnlr·<•<l tn operate n stt:'HIJI or other thermo
d~·uaHJi(' 1'111-!'111<' couhl hi' fulflll~>d, a conHI!I
er:rhle tetUilt'l'l\tnre dlfferl'nee helng uvuil
nllle nt nil timeR. No proof hatl to he fnr
ni><lll'tl tllnt h~>at woultl flow fro111 a higher 
to a low!•r ]PYPI anti could be transformed 
into llii'CitaniC'al work. Nor was It neces-
8111',\' to Rhow that the surfa('E' water, al
tlwug-lt Jllll('h hi'IOW its normal boiling 
Jloiut of 21:.!° F., ean he rendlly converted 
iut:~ ::;tc,am by Ruhjectin~ it to a vacuum 
which causps ebullition ut any temnerature 
howe\·er low. It is of common knowle<lge 
that, tine to this snml' el'fpct, heans cannot 
be cooked or eggs hartl-holled on high 
monntnlns. AlRo, for a lll'e rPason tnr
biuPs ha\'e been \\'l'el'ltetl In Atl'filll power 
plnnt~o~ with the hollers com}lletely shnt of!:, 
the slig-htly warm wftter In the Rystem of 
couuectlng pltws helng e\·apor·ateti untler n 
hi;.rh \'acullnt lnnth·ertently npplletl. This 
bPhaYinr of wnter, or llqnitls ln gl'nernl, 
W:tl" lou;.:- hPfort• henntlfully ex!'lll!llifie!l In 
th<• dll~.f"lt•nl tiP\'i<'<' calll'tl "eryophorus" con
Ri>:ting- of two eourlllllllientinJ,!" anti exhanstP•l 
hulhs pal'tilllly tilll'll with lif]uhl, wllich is 
eni]JOratetl in one anti contleusetl in the 
ol hcr. It was im·eut!\tl hy '"· H. 'Vollas
tou, a Jrl'ent Eugllsh seh•utlfic man nntl in
\'c!ltigator (170ll-1R~H), who firHt commer
cialize(l )llatinurn nn1i \\'IHI credite(l by some 
to hn,·e nntidpnted Farntlay in the dls
co\'ei'Y of electromagnetic rotation. The 
Ol'ig-ln:Il insh·ument hronght 011 i: at the he
giuning of tlre nineteenth cent nry had one 
of the hulbs pacl,ed In lee w.th the result 
of freeziug water In the other. ConfQrmably 
to the views of tlwt time It was thought that 
thP coltl of the ice wns carried to the water 
llll<l so the Gl·eek unme, meaning- "cold· 
earl'icr," wus given to the llevlce. But now 

'''~' know tbnt the proccsFI Is of opposite 
eharacter, the freezing l!eiug brongbt uhout 
hy the transport of the latent heat of 
l'vnpornthm from the warm to the coltl 
bulh. One woultl naturally infPr that the 
operation wuuhl ceat>c as Koou 11!4 till' water 
iJI frozen nt the. surface, hut curi,,usly 
enough the lee itMPif contlnllf'M to yield lltf'am 
anti it Is uuly lweau~o~e of thiH that all of 
tlw water ll'l Koii1Utletl. \Ve lllllY ltuag-lne 
how puzzling tld11 pht•uollli'Uoll lll'i~~'lll't!d 
wore thnn one century ngu! 

The ocean 11lant tlrotHl~o~etl hy the engineer 
was nothing: el~o~e hut 'VollaHton'M de\'ice of 
huge proportions, atlaptptl fur C'ontlnuous 
operation amd having nn en;.rlne interposed 
hetween the two cnlllllltllllt·atin;..:· Yt•KKehl. Ill 
t•stlmatlng lts therlllh·(lynalllil' performance 
tht• Jlrl'lt l't~Mtrlts I arrh·e•l nt thrt~ugh the 
metUum of pall and pencil fnil'ly hewilllere<l 
me. To ilhtstrate hy au example, suppose 
that equal fJUantit!es, suy. une-hnlf pound 
uf the wan» untl of thl' C'ultl w:tter, l'P"Pt'C
tl\·eiy, nt 82° anti 32° I<'ahrenhelt, are mixed 
or put in thermal equilibrium otherwise. 
'l'he first will then gh·l' up to the secon<l 
1:!.5 llent nnitll, meehanlcally etiUIYalent to 
07:!;; font pnnH<hl-tlte Hlllllt• energy which 
wuultl he dtn'PhiJIPtl In the fall of one pound 
f1·om so 1-\'l'eat an nltltn<le at-~ 0725 feet. The 
tlJ'Pillll of 111~· lift• hatl hPt•n to hurness 
1'\in;.:-ur·u, hul 111'1'1' wnH a full 11lxty tluws 
hhrhPI' and of lllliinrilt•tl \'ollllllt•. 'l'u rul~o~e 
the cuhl wutl'l' to tht• ~o~urfat•t• frum any 
•lepth whute\'t•l', rettuh·t••l hut n tritllug cf-
1'urt an<l at-~ other loKRPs also seemetl negli
;.:-lhle I ('ouehttleti that if only a small por· 
tlon of this hypothetical fnll cuultl be ntll· 
izetl, one of the g-reatest pruhll'lns confront
lug humanity woultl be soh·ed for all times 
to come. 

I knew tltat it was too good to be true, 
uen•rtheless I folluwe<l thiR i~rnl;; fntllus 
fnt· years until, little by little, through close 
t·eaKonlng, culeulatlon and expNirnent, I got 
the true heat•lng-s in the swam13 of my Ignor
llllt'e nntl tlunht. ThPn this !iC'hPme of hnr
uesl'lillg the O('t•an I'E'YPH!ed it~:~t>lf to mv mlntl 
as one of the crn1lest lmn~:lunhle. just to 
tmusptlt't ll little hPut, wat<•r has to he 
Jlltlttpetl at~tl dispMII'Ii of in fJilUntitiell ~>o 
Pllnr·mons tllat u larg-e illKtallntion of thl~ 

t ;\'lie would )tresPnt UP\\' tJroldPillS In en
g-ineN·ing. Contrary to the• or11trion I hnll 
Jll'e\•lunsly forme1l, this im·oh·t>d the expen
tlitnr·e of a great amount of Pnergy. Then 
I rP:rllzetl that the gaKe~ coutniuP•I In the 
wnter can be only llal'tially l'xtraete(l anti 
have to he continuously remt!\'1'11 from the 
l'onrlenAer to pre\'ellt the rise of bucl• pre~
sure which mi;.rht r~>•lnPe the speed atlfl 
eventually stop the engine. 

Fnrthermflre, <lne to certain conditlon~t, 
the dee11 Hen water must enter the pipe 
warmer than It shmlltl confhrm.ahlv to 
sountlings, 1110 that the full temperatm·~ tllf
feren('t1 canllot ht• ohtllilletl. antl I tll~e.n·en•<i 
other Ilecullar ('11llse>~ which, after som<' tinw. 
miJ,!"Itt serinllNly intPl'fPI'e with the proper 
functioning- of tlw llll'eha niKIII. Tlw o::team. 
raise(] tllrN1:l;\· from the surflwe wntPr. Is 
of the pooreKt quality, merP mist under 
smnll pressure, anti its cunslllllJition per 
horsPpowt•r hour wa~o~ likPiy to hf' tw<>nty 
tiuws greatl•r than in mmiPI'n plants. In 
hy,lro-PIPetric stntionA, UN before stater}, 
ei;.rhty-fi,·e per ('ent of the energy o[ falling 
water mn:v he eapturl'<l, while In this Pase 
IHll'tlly more thau two-tPnths of on•• t1er 
cent of the theoretleal fnll ean he utilized 
'YorRt of all, the si7.e anti cost of the equip· 
ment is uttPI'Iy uut llf }ll'OJIOrtlon tu the 
gt'PIIti'Rt possible ret urns. TheHe anti other 
)imitations anti <llfflenltiN! fm·ce(l thcmseh·es 
upon me in sttulylng thP plans as first sub
mltte<l. 

The intraductlon of my alternating sys
tem started n scramble for the most val
uable water power sites an!l no attempt 
"·ns made to harnt>Rs the O('ean. Bnt my 
Interest was nronsPtl to !Inch a tlegree thu t 
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I continued the work and made a number 
ot improvements which are thought to pos
sess some merit. Satisfied that pipes sup
ported by floats or hung in submarine 
abysses wer~ impracticable, I proposed a 
&loping tunnel, lined with heat insulatlng·ce
ment, aft'ording a smooth and unbroken 
passage tor the deep sea water. I found 
ways of shnplitying and cheapening the 
apJlllrntus and making it more effective by 
reducing the moisture of the steam and 
otherwise, and these advances may eventu
ally prove ot practical value. 

To conduce to a more ready understanding 
of the evolution of the ocean power plant 
from the cryophoros and of the nature of 
some of my improvements, reference may 
be made to the drawings in which Fig. 1 
represents the original device of 'Vollaston, 
comprising two highly· exhausted vessels B 
and C, respectively, the boller and con
denser, connected through a channel .A. The 
first named vessel being partly filled with 
water or other liquid and the aecond packed 
ln a freezing mixture, the vacuum causes 
the water wht•n slightly warmetl to boil 
furiously and the well known effect is ob
served. .As the steam generated in the boiler 
rushes into the condenser with great speed, 
lt is capable of producing a considerable 
mechanical effort. 

Fig. 2 Ulnatrates how the thermo-dynamic 
transformation ot energy may be effected 
to obtain useful external work. This par
ticular arrangement is chosen in order to 
dispense with the necesaity of a connection 
to the outside which would call tor the 
employment ot a vacunm pump. A steel 
armature a, ot a diameter nearly equal to 
that of the channel A, connecting vessels 
B and C, and shaped llke a tan, ia supported 
in virtually frictionless bearings b and c, ot 
which the latter may be designed tor taking 
up the thrust. Surrounding the armnture, 
or turbine rotor, and in close proximity to 
the same, are sott-iron projections as d 
and e, wound with coils t ai\d g and form
ing part of a permanent magnet h. The 
rapid rotation ot the armature results in a 
periodic shifting of magnetic lines from 
one to the ot-her set ot projections, this in
ducing in 'the coils currents which may be 
utilized. 

The next step Is to adapt the device tor 
continuous operation. This muy be done In 
two ways: by Sll(l(llylug the evuporntlng 
untl cmuh•nHing wnh•r dlt•et•tly to the VI'H· 

I!I'IH H nud C, or hy mnrt•iy trnnsmlttlug 
nud abstrul'tiug hl'ut through their wnlls, in 
which calle the working fluid is entirely 
St'(larnted and circulute1l in n rlnsetl rlrrult. 

The first phtn is diagrnumuttlcully 11hown 
In Fig. 3. The vessels B and C are cyl
:lndera joined by a turbine D through suit
able pipe connections. A suction pump E, 
constructed tor producing a very high vac
uum, h1 attached to the condenser C and 
may be driven hy the turbine through a 
g<•ar or, all intll<'nted, by an induction mo
tor energized with alternating currents from 
the dynamo I<' roupled to the turbine. The 
water hefug under atmospheric IH'<'!IHUre 
would flow into the evncnnted vessels nt too 
great a HpPI.'tl occasioning corri.'SlHIDiling 
losses, and for this rPason it is neeessnry 
to supply anti drain it through balancing 
barometric columns i 1 and k k of proper 
ht>ight thereby insuring the flesfretl circu
lation, the direction of which is indicated 
by arrows. Since the latent heat absorbed 
in evaporation nn<l set tree in condensation 
IH vl"ry grpat, an lmmPnse t)tlllntlty of water 
mnRt be circulated through the Vl'l'llilels in 
order to prevent changeH of temperature suf· 
fil'lent to seriously reduce the performance 
ot the apparatus. In addition to the devices 
shown, separators mnRt he employed tor 
extracting gases from the watl"r bl.'fore its 
entratwe Into thl' hoilt•r nu<l t•ondPUtll'l', 
'fhNlE' c•:tnnot lw of thP PffN·th•p l'cntrlfngal 
tYJ•t• aH thPy wonltl Pntnll too grpat a loss 
of Pllt>rgy. The only kind prnctic'uble is 
that n11ed from the earlleRt beginnings of 
mo!ll.'rn hydraulics, the artlon of whkh is 
bntw!l on a slow reverRnl of dlr<>l'tlon of 
flow and accompliHhes only partial «l<'J.rnHI
ficatlon. It should be noted that the gases, 
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by rapid expansion nntl attendant cooling, 
impair greatly the quality of the steam and 
also, more or leHs, the vacuum in the ves· 
sels. One ot my imilrovements is to supply 
the water in the form of jt·t~, us reprl:'st•nted, 
which t'urniNh th(' net•t•RJ!Ilry evaporntlng aml 
cmult>nsing surfut•e wblle nt thl' lltttllc time 
carrying away gases which would be lib· 
erated it the Willer were admitted as uaual. 

.A careful study of the scheme illustrated 
in Fig. 3 has satisfied me that it is, for a 
number of reasons, cllsndYuntageous and 
less practicable thun that shown in Fig. 4. 
In this instance the vessels B and C are 
Rnrface conlleDIIl'rS of ut'lllunry tlt•t~ign but 
of Yl'l'Y grl•at actin• atrPus in vh•w 1•f the 
excessive stE.>am C!onsum)ltlon ancl smnll dif· 
ft•r<>nces ot tNnpl'rature lllllllll'd. Thf'y may 
be of the samE.' sizt•. for although thE.> paaa
age ot heat from the hut to the eold water 
takes place through the steam, the law 
ot mixtures is obE.>yed, the maximum trans
fer occurring when the <Iunntlties of both 
are equal. ". ('re it not tor that the per
torrnance might be aJIJlft•ciubly hnprovl'd 
l1y supJllyln,: thE.> hot wntt•r, whit•h ltns to 
Jlat~s only through short Jlilll'll, in greater 
f}UIIDtity. The VNII!els are conDf'Ctcd through 
a turbine D coupll'<l to a gE.>nerutor F, aa 
before, and besides the suction pump E a 
deep Wl'll pum(l G is employed to force 
the condensate into the· boll<>r. The water 
'should be sweet und thoruughly llt•~asUil'd 
yielding steam of good quality and greatly 
reducing the work of the JIUlllJIH, nnd both 
holler and condenser should be completely 
immersed in the circulating media to min
imize the heat losses. The important prac
tical advantages of this }linn are that any 
suitable workb1g fiuids and unite of very 
great capacity may be used. 

Technical experts who may E.>xamine the 
merits of the oct•nn power scheme will be 
apt to dismiss lightly the loss of enE.>rgy 
in,·olved in the propulsion of the hvt and 
cold water which In reality, may be very 
serious on nccount of the lift ahun• the 
IIIE.>au oct•nn l<>vel. Tltl' outlets are unavoid
ably very large 111111 it theit· Ct>lltl•rs are from 
thrE.>e to tour fet-t nbovl' tl1e mean level to in
sure normal functioning at high title the 
pumping losses will be conHitll'rnbll•. Fur
tht•rmot·e, the water Is subjel•tt•d to reJil'at
etl changes in llirection uu<l veloeity and 
suffers a frictional loss of hl'a1l, espel'ially 
In the long conduit, all of which may be 
t'll'li\'llh•nt to 1111 a<l<litlonnl lift• of n ft>w 
ft•t•t, nutkiug I he totltl, 11ny, i f<'l't. l'UllHt'f\'11· 
tln•ly l'Htlnuttt><l. 
~ow, in the Gulf nt :\lt•xlcu or In Cullan 

wntl'rl!l, wh<>re my nssul'lntes lnten1lNl to 
hull<l plautM, tll1• tt>IIIJWraturt• dll'ft'rl'tu•e be
tween th<' hot un1l enid wau·r will hi' hartlly 
more than 36° J:.'. as llll annual ll\'t>rngl•, and 
with the poor steam obtainable tht> <>lrcula
tlun mny lw a11 much as 1:! lh11. of 4'111'11 Pl'r 
horse power 11er second. Coursel}llt'ntly, the 

FIG. 5 
The basins H and I are filled and emptied b~ 
the tide, saving much of the energy otherwiae 

expended in pumping. 
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FIG. 6 
A ftoatlng thermo-electric power plant, in which 
the condenser C is suspended beneath t!te boiler 

B and the condeneate circulates vert&cally. 

meehRnieal work n~ay be estimated at 1(18 
foot JWIIUtls Jtt>r l'lt'l'tlllll 111111 tllill tlgnre must 
be almotct doubled hecanst' the over-nil etfi
clt•ney of huluction uwtor-drlven pump units, 
whlt'h hnvc tu ht• t•IIIJI}oyl'll, is nut llllll'h 

nbu\'l' t1fty Jlt'l' 1'1'111, 1111 11 ruh•. ~1111'1' ollll 
Jtorse IJUWt•r 111 a l'ntn of r;no foot lwHrlfls 
per second this mt•atnli a loHH uf about 40 
per cent. Besicles, the operation of the 
<legasifiers, vacuum and deep well pumps, 
'\\'111 consume energy which has to be sup
plied from the turbo-generator and taken 
at nt>arly twice its value for the reason 
pointed ont. All thetl(' losses mny be re
lluced in various ways but not to a very 
great extent, and the example clearly shows 
the desirability of doing away with them. 
This argument is applicable, .even with 
greater force, to the cost of the pumping 
outfits of which I wUl endeavor to convey 
an idea by assuming that a 30,000 horse 
power plant is lustalle1l, requiring not less 
than 300,000 pounds of hot and of eold 
'\\•ater per second, which means, approxi
mately, 4,700 cubic feet of each. As a ve
locity of 3 fl'et per st>eontl should not be 
exceeded, two lllllliPS capable of meeting the 
rE.>quirl'ments would ha,·e intake and outlet 
openings of 1800 square feet, with the usual 
allowances. Evidently such monstrous ma
t•hint>s <'ltllltl not he ust•d, for ont• rt•ason, 
not to mt•ntiou otht'rR, that the lift would 
ht> \'E.>ry ~reat tllltl the loss inrttrred pro
hibitive. This brings to light a bad fea
ture of the scht>me lllustratt>fl ln Fig. 3, 
uamt>ly, that it is hnpra<"tlcuble to have 
n>conrse to \'t>ry largt> units and thereby 
llE.>cure the customary auh·anta~ores. A great 
number of small units must be of neces· 
llity used and it fol~uws that the larger the 
plant the poorer it will be. Instead of the 
two pumps each with openings of 1800 
squnre ft>t>t, nt least onl' hun«lrell motor
drl\·t>n IHillliHI with orlfiet'll of 3fl square feet 
and n cnrr~;>SJ)Oillllll~ number of boil<'rs and 
cnndNlsers with enormous inlet and outlet 
Jlillt'S would ha,·e to be t>mployed, and at 
11 >~trtK!ll'rin~ eust. 

Tltt>He nut! other similar considerations 
ha\'e 11rom1•ted me to tleviHe the 11lan sche
mutlcally shown in Fig. 5 in which I do 
nway t>ntlrt>ly with the water pumps by re
lyina- wholly un ebb and tide to bring 
about the requirt'll circulation of the heating 
anti cooling metlla, thus simplifying the 
plnnt antl ob\'latlng ~rent losses and ex
Jit'llllitures. The installation comprises two 
''ery Jar~e basins llnt>tl with heat lnsr_tlatlng 
cement designated by H and I and pro
vhlell with suitable aupports for heat-in· 
sulntina- roofs or covers the function of 
Whlch is to minimize losses by radiation 
and Influx of heat. rE.>spectively, from the 
llot and to the cold water. Each of the basins 
has a controllablE> opening, respectively K 
and L situated close to the bottom, where 
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nl~;~o the boiler R and condenser C, are 
luentt•tl. 'l'hc luttt>l' are counectell throu~h 
u turulne D coupled tu a generator F, con
stituting a unit of large capacity. As in 
the case before described, .a suction pump 
JiJ anti a det>p well pump G are tlrovl!lt>tl, 
1h·lvcu by in<luction motors energizetl from 
the generator. All this machinery is placed 
on a common foundation. as indicated. 'rhe 
basins are tilled at high tide and the oUt· 
flow during the period of ebb is controlled 
so as to secure the best results. Although 
the power is subject to periodic variations, 
the plant can be operated satisfactorily 
without the employment of batteries or 
other means of storage and thus the cost 
of this commodity may be greatly reuuced. 

Another way of deriving power from the 
temperature differences in the ocean with
out the nse of water pumps is Illustrated 
in Ji'lg. 6. The apt)arntus comprises the 
11amc esRentlal parts which have been al· 
rt•auly llllHcribf'«l, nnmely, a tubular holler 
ll 111111 like CUIHll•llSer (.! CoUnected through 
n turbine D driving a generutor F, a high 
\'acuum pump E and a amall reciprocating 
deep-well pump G for lifting the conden
sate f1·om the condenser into the boiler. 
The latter is aupporteu in the warm sur
face water by a floating structure carrying 
all the machinery, whlle the former is sus
pended at a suitable depth in the ·cold 
wnter. Both of these parts are arranged 
with the tubl'B in vertical position insur
ing a good circulatlpn of the heating and 
cooling media. This arrangement is very 
HhUJthl and <'ffectlve but the rnlt~lng of the 
«•orult•nHute hy IIUII111 H l'onHUIIIN! cons!fler• 
uhh• work. 1 huvt~ llt>HIJ<ucll wireless power 
I,lunts on this plnn with practical objects 
in view and they may perhaps 1lnd valuable 
uses in the fnture. 

Fig. 7 represents a partial view of a boat 
with apparatus for propelling it solely by 
the heat energy abstracted from the water. 
I was not informed just how the American 
engineer intenaed to propel his vessel and 
the scheme illustrated is my own. Two ro· 
tary pumps M and N are employed to force 
the warm and cold water, respectLvely, 
through the tubes of the boiler B and 
condenser C. This apparatus is placed 
slightly below the waterline for minimizing 
the losses involved in the circnlatlon of the 
heating and cooling media. The pumps are 
supposed to be driven by induction motors, 
as ilhtstrated, and are connected to the dis
charge pipes and other parts In such a way 
that the water cannot enter the hold of the 
vesRel. The boiler intake 0 is near the 
ocean's surface while that of the condenRer 
Is at the requisite depth; a streamline 
llhapNl duct 01, open in front, being em
plny1•1l !or the pur}lo~:~e. As the temperature 
of the water diminishes very rapidly 
through a limited distance from the surface 
of the ocean, sufficient energy can be ab
stracted from the water nsing a duct of 
fifty feet length to propel the boat. by the 
strt>nms escaping through the discharge 
pipes. No other means of propulsion is 
necessary and even the steering can be 
accomplished by suitably regulating the vol
ume of the two streams discharged astern 
as shown. The turbine D, generator F, 
high mcuum pump E, deepwell pump G 
nnd othl•r parts serve the same purposes 
us bt>fore. Some stored energy must be 
provl!letl to start the vacuum pump an1l 
tht>reby initiate the operation of the ap
varatus. 

Th<' oet>an power J)lan of the Illustration 
on p.age 27 seems very inviting when cont~id
ering that the enera-y obtained is propor
tionate to the quantity of the water pumped 
and, therefore, virtually unllmlted. But it 
must be remembered that the true merit of 
such a scheme can only be measured by 
the returns. 'Ve have still greater and more 
readily available resources which are unused 
bcause they are unprofitable. On closer in
vestigation many discouraging facts are un
earthed. The deep sea water is, normally, 
at a low temperature but at any time a 
warm current of water may be produced 
and render the plant useless. It has been 

(Continued on ·page 96) 
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• Hearing Radi~ Without a Loud Speaker • 
(Continued from page ;59) 

even more, with music. The sounding 
body, corresponding to the diaphragm of 
the •Speaker, and giving out vibrations to 
the air, is a piece of ordinary brass tub
ing, such as curtain rod, 20 to .W inches 
long and, say, 1% Inches ln diameter, so 
that lt aftords a good grip. The walls 
are thin, 1/48-lnch. The rod has insulators 
over its ends, and clips are attached to 
the metal. The speaker terminal (poll• 
tive) of an A. F. amplifier ls connected 
to one end of the tube; and the operator 
touches the negative terminal and rub1 
his fingers over the tube. Both •'Hctroth 

ccnd finger• mud be dry! It ts 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 ls manifested by 
dust arising from Its surface. 

Considerable encouragement for the 
deaf is held up by experiments of the 
type in the lowest photograph. German 
physicians have found that electrrc cur· 
rents produce "hearing'' ln the deaf and 
increased range of audible pitches in the 
hard-of-hearlng.-Dt. Unucltau. 

• Our Future Motive Power • 
( Oontinu•cl from pag• 81) 

ob1erved that ther& may be dltrerence1 of 
36° F. or even more In the temperature of 
water at the same depth. Just as conYec· 
tlon currents occur In the alr so they maJ' 
a11o be produced In the ocean and thla il 
an ever present menace to an unuertaklnar 
ot thla kind. It al1o appears the actually 
obtainable temperature dlft'erenee must be 
alway& appreciably smaller than might be 
Interred from 1oundlnara. The rnlalnlr of 
the denser water below a certain alveau 
into the leBB dense above lt Involves a 
performance of work wblch must be done 
by the pump but ta not lost as tbe Tolume 
of the water discharged at the top of the 
deep-sea duct 1B correspondingly Increased. 
This does not· bold true of the water above 
the alveau and, eonsequently, the flow into 
the intake of the duct takes place prepon• 
derattnarly from above, that la, In the direc
tion of the downward convection current. 
Owing to thla, warm water from above en
ter!! the intake thus reducing the tempera
ture difference. Another curious fact can· 
not be lgnoreu. The sen ls densely popn• 
lated with organism• which are subject to 
change• cau11(411.l b:V age. As tbl'y grow 
U}I)Pr tho llf~ Rtream c1eJlOII(tB more lUll) 
uwre 11olid mnth•r, Uwy hecmue Rpt'c-lftt~nlly 
ht>uvh•r und Hlnk gradually untll ftunlly at 
grt>ut depths life ht extinct. If thiB tlocttlug 
matter could be removeu by the pumil at a 
constant rate, as the water, It wouhl glve 
relatively little trouble. But DB water la 
removed the concentration of this matter 
continuously increases and may become BO 
great as to interfere seriously with the op· 
erntlon of the plunt. Imt>nlrtn<'nt of per
formance, 1f not Interruption, might also be 
brought about by rust and deposita in the 
pipes, loosening of joints and other mishaps 
and for this reaaon I consider a tunnel 
as the 1prnctlcable means . for transporting 
the cold water. 

I have stuuled this plan of power pro
duction from all angles .and have devised 
apparatus for bringing down all losses to 
what I might call the Irreducible mlnlmutn 
and still I find the performance too small 
tu (1tJUble tmi.'Ct>Msful competition wltb the 
pretwnt metbocla. 

The utlllzatlon of temperature differences 
ln the solld earth presents several lmpor· 
tnnt advantages. It would mnke it unnecea· 
anry to go to the tropics where power la of 
smaller value. Indeed, the colder the ell· 
mate the better. A shaft could be snnk in 
the midst of u densely Jlopulnted district 
nnll a great snvlng etrectl'd In thf! cost ot 
distribution. Tlte shaft woulll be costly, 
of course, but the apparatus cheap, simple 
and etHcient. The first drawing, on page 
26, illustrates ita euentlal parts comprlslnar 
a boiler at a great depth, a condenser, 
cooled by river or other water avallnble, on 
the ground, a turbine coupled to a generator, 
and a motor-drtyen high vacuum pump. 
The steam or vapor generated In the holler 
is conveyed to the turbine and condenser 

through an Insulated eentral pipe while 
another smaller pipe, Ukewlae provided wttJt 
an adlathennaao•• covering Bt'rvea to teed 
the condensate Into the holler b:y graylt;r. 
All that Ia necessary to open up unlimited 
resources of power throughout the world Is 
to find lome economic and apeedJ wa:v ot 
alnklPJ deep shafts. 

• • • • • 
Whether we shall have to rely on power 

derived from terrestrial heat molt be left 
to the future. It we should exhaust our 
present resources without opening up new 
ones, thla poBBlbllity might arise. Un· 
doubtedly, our stores of coal and oil wlll 
be eventually useu up and there is not 
enough wnter powl'r to llllpply our nt>edL 
'l'he Idea of obtaining motive energy from 
atoms or change of elements is unacientifte 
and UluBlonary and cannot be condemned 
too emphatically. The same is true of the 
scheme of harnessing the energy suppol!ed 
to ue· liberated at such tempE.'rahtres as 40,· 
000,000 degrees C (Centigrade) recently aug· 
ge11ted. Tbe fnnclamental fallacy in all 
these propcumla ill that It tnke11 mort' en
('rgy to cUMlntt•grutt~ thnn t•uu he ust•fUllJ 
rt'I'H\'ert•il t'\'t'll In 1111 hh'nl l•t'ot'«'>~ll. 

<ilnrlngly tnllnt'lo nM tht•orh•H ure rt'lllHlU· 
aiblo for such cltinwrical hopt>s. Prubnbly 
the worst of these is the el<'ctron theory, 
Of the !our or flY<' ntomle lltl'tll'htrea \\'bleb 
have been llUggN!ted not n 11ingle one ta 
poBBible. Not more than one in a thousnnd 
men of science knows tbut an electron
whatever lt be-can only exist in tbe per· 
teet. vacuum of interutoleculnr and intl'r
atellar spaces or highly exhausted tulles and 
that the nucleus stripped of electron•, ls 
devoid of enl'rgy, 

It was clear to me many yenrB ago that 
a new and bettl'r source of power bad to 
be discovered to meet the ever lncreaaing 
demands of mnnkintt. In a lecture dellYerell 
before the American Inatltute of Electricnl 
Engineers at Cohunbia University May :!0, 
1891, I said: "'Vl' are whirling through end
leu spnce with in('Oill.'l'lvnhle apeetl, all 
a•·mmd na c•vt•t•ythlug is lllthmlu~t. t>\'t•ry
thlug lB mo\·lug, t•verywht•rt~ ls t'nc•rgy. 
There mu11t bt' sollll' way of n\'ulllng our· 
seh·es of t 11111 Pl\t'rlo('y mort' tllrt'l~tly. Tht•n, 
with tlte ll!lht uhtulut>tl from tho lllt>tllmu, 
'\\'lth the powt•r dt•rln•d from it, wltb t•,•ery 
form of t-nerlo('y obtained without E.'ft'ort, 
frmn the Rtort• for''''f•r hlt>XIlllltHtlble, hurunu
lty wlll nthaiWI' with J.('lnnt Htri!INI.'' 

I have thtm"ht 1\lltl work1•tl wlth thl11 oh· 
jcct ln vll'W um·,•utlltluJ.:IY anti 11111 ~:hul to 
say that I lta,·e sntlil'ient theorctll'al. atul ex· 
perlmental e\'hh•net! to fill me with hope, 
not to say confi1lenee, that my etrorts of 
years wlll be rewarded anti that we shall 
have at our disposal a new sourl'e of power, 
superior even to the hydro-electric, which 
may be obtained by means of simple a[J
parntuB everywhere and In almost cc;~nstant 
and unlimited amount. 
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NelJ) 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 to 

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 still 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 is continuously 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 slight 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 velocity, it follows 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 quest of mythical rays coming from nowhere. 
Nikola Tesla 
New York, Feb. 4, 1932 

The following is Tesla's statement relating 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 i's 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 11 lambda 11

• 

My theory of gravitation explains this phenomenon perfectly. 
N. T. 

Apri 1 15, 1932 



New York World Telegram 
Aug. 1 0, 1932 

239 

CHEWING GUM MORE FATAL THAN RUM, SAYS TESLA - by Nikola Tesla 

(Nikola Testa, dean of inventors at 76 and pioneer of radio, believes it is es
sential for the welfare of the aountry that prohibition end soon. In this artiale, 
whiah he wrote for the World-Telegram, he expresses somewhat 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 considered 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
tion. 

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 blood 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 myself contracted the disease all 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. 

New York Herald Tribune 
Sept. 11 , 1932 

PIONEER RADIO ENGINEER ~f~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 capable 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 limited, 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 1 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 increased 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. 



N. Y. Evening Post 
June 5, 1933 
MR. TESLA WRITES 
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 myself 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 
his 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 tornadoe& cause great damage in the 
United States; and this disaster, like earthquake~, has 

hitherto been accepted as unavoidable. But the great scientist 
and inventor, Nikola Tesla, who has given the matter special 
study, both experimentally and theoretically, here proposes 
a practicable plan for the organization of a national govern• 
ment service to combat and break up tornadoes, when form· 
ing; just as a fire department responds to an alarm and over· 
whelms the blaze while it is still small. It is to be hoped that 
this proposal will be met by official investigation and adequate 
action at Washington.-EDITOR. · 

• MANY reports of tidal air waves, cyclones, and especially of 
tornadoes describe actions which are unbelievable; and to account 

for them some observers have assumed velocities of the order of 
those attained in explosives. 

Just to get an idea, suppose that one pound of dynamite occupying 
the whole volume of its container is ignited. The maximum theoretical 
velocity (See Note A at end of article for calcula..ticn) attained in a 
perfect nozzle is 11,400 feet per second, which is obviously far above 
that actually attained 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 reduced 
in accelerating the free air. Thus, at a small distance from the center 
of the disturbance, the tidal wave advances with the speed of sound; 
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 idea of shootinK at a waterspout was coJTect in prindple, but insufficient in force. Yet, as calculated here, the force of a tornado can be 
overcome by modern explosives, which might be efficiently and safely applied as shown. 
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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 flash instantly 
and, upon making a quick computa
tion, told my assistants that the tidal 
wave would arrive in 48% seconds. 
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 the windows on 
the exposed side and a door were de· 
molished, and much damage was done 
in the interior. Taking into account 
the energy of the electric discharge 
and its duration, as well as 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 dyna
mite. Though the mechanical effects 
of lightning bolts diminish with the 
square of the distance, they are still 
plainly observable within the range of 
six hundred miles. 

It should be borne in mind that 
these 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, fuse metals 
by friction and impact and· burn up 
anything that is combustible. Objects, 
no matter how large and heavy, would 
be carried off like feathers, and even 
a mountain range could not resist for 
any considerable period of time i since 

~-
·i-foTAIR ~ 
WHIRLING ") 

COLDAIR /) 
~WHIRUNG/ ..1 
~ 

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 congratulate 
themselves that such storms are im
possible. Tornadoes, such as 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 effect 
of a stalk of dry grass or 
straw hurled no r m a 11 Y 
against a wooden plank with 
a speed of only 150 feet per 

(Continued em page 905) 

STRAWS BLOWN_:·, .. 
WITH A SPEED. 
OF 100 MILE$ 
PER HOUR 
PIERCE WOOD 

T.h• formation of a tornlldo Ia sh•wn abon: it spin•, aa do th• waate water and the top, Its tremendous Yelodty of rotation enablea 
It to aeeompliah man7 of the freak renlts shown; just u when the aoft candle Is shot undamatred through a hard board. 
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Breaking Up Tornadoes 
(Continued frtnn pa,qe 871) 

second. (See Note B) The force of 
2929.5 pounds per square inch is much 
more than the plank can withstand; the 
aompreaaive strength of oak perpendic
ular to the· g·raln being leu than half of 
tltat. Evidently, then, an effect of this 
kind can be surely expected even with 
much smaller speed, especially if the 
stalk is pointed. 

In this connection it ls of interest to 
mention a classical experiment, which 
used to be shown to students in some 
European institutions of learning. It con
sisted ln firing from a gun a tallO'W or 
stearin candle at a. board 0.4-inch thick. 
To the amazement of the onlookers, the 
aoft missile not only went through the 
\vood but did not appear much worse 
for the experience. Tl\e secret of success 
was in the quickne88 of the transit, not 
giving enough time for the masa of the 
ea.ndle to yield. The O'bvious inference 
from such action is that an exposure to 
a. windstorm is always fraught with dan
ger to life; for bite of flying material, 
not excluding pieces of straw, may pen
etrate deeply into the flesh. If my mem
ory serves me right, I have read of 
serious accident. of this sort. 

But the highest air velocities observed 
In .-torms are not, In themselves, ade
quate to explain certain stupendous 
performances of the wind, such as lift
ing Jo•ded cars and locomotives and 
hurling them to great distance. When I 
ftret read sueh reports, many years ago, 
they aftol'ded me amusement as I took 
them for original American canards, 
often sprung on unsophisticated foreign
ers. When I found, to my unspeakable 
utonishment, that they were substan
tially true I endeavored again and again 
to prove them by theories and calcul•
tlone; but it was only latelY that I solved 
this lone-standing riddle. 

Whirling movements of the atmos
phere have been known and dreaded 
since time immemorial, but, beyond ac
counts of their destructive actions, most
ly unt'ertain. little poRitive information 
can be found about them. In 1862 was 
published by H. W. Dove an important 
work, entitled "The Law of Storms"; 
dealing chiefly with cyelones, which .fre
a.•ently extend over .a large ,portion of 
the gotobe and travel thousands of mlles 
before their energy is spent. These are 
easliy studied and the chief facts con
cerning them are now well known. Not 
so the Incomparably more dangerous 
local storms, the real tornadoes, which 
are sudden, e.rratlc, ephemeral (short
lived) and extremely violent manifesta
tions difficult to investigate. 

Of late years the U. S. Weather Bu
reau and the Smithsonian Institution 
have been supplying data which are re
ltable and of value in connection with 
the subject; nevertheless, our knowledge 
ot tornadoes is still fragmentary. Ignor
Ing newspaper reports, which• are not 
quite rellable, and confining myself to 
facts unmistakably established, I have 
eome to certain conclusions regarding 
these phenomena, which might be im
pOrtant, and can be summarized as fol
lows: 

(1) The maximum velocity of the air 
forming the tunnel probably nevi3r ex
ceed•, say, 235 feet per second or about 
180 miles an hour; which I think ample 
to explain all the actions observed. In 
bls "Manual of Meteorology," an ex
ha.ultive treatise lately published, Sir 
Wllliam Napier Rha w maket~ the state-

( Continued on pa.ge 9!0) 
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Breaking Up Tornadoes 
(Continued. from page 906) 

ment that apeeds of 300 miles per hour 
or 440 feet per second, and even more, 
may be attained, which ls most unlikely 
to be the ca.se. It must be borne In mind 
that an air blast of 150 feet per second 
readily carries off -bricks and other such 
heavy objects. 

( 2) Contrary. to popular notion, a.t
trlbutlng to the tornado· immense ener• 
gy, it has much of the peculiarity ot an 
explosive. Its power is great because of 
concentration and RWfftness of action, 
but the energy is surprisingly small. 
Just to- give a rough approximation, con
sider a whirl of an outside diameter o-f 
1200 feet at the top, about the ea..me 
height, and a diameter of 300 feet at 
the base (Roo Note C). The same en
ergy would be developed by the co-n
sumption of 1.24 tons ot gasolene or 
5. 74 tons of dynamite. It should be 
stated, however, that this estimate- Is by 
far too high; for the whole funnel is not 
filled with air of uniform density and 
not all of It spun at maximum speed. 

(3) The tornado· w.hlrl is a huge 
pump, drawing air through the opening 
at the top and discharging It from the 
periphery (rim) at the same rate, 8imut
taneously· producing rarefaction in the 
interior. In this respect its action may 
hi' llkPnf'rl to that. of a multl-stag-(•tl Vll.<'· 
uurn Jllltnp; for, H!-1 tht• air ruRht•~o~ from 
the top to the base, mor·e and more of it 
Is drawn to the periphery, Increasing 
progre.ssively the vacuum which may 
thus attain a high value near the ground. 
That accounts for the gradual contrac
tion of the whirl. What degree of rare .. 
faction is actually reached In this mon
strous contrivance of nature- may be 
roughly estimated when considering 
that, for any horizontal st>ction of the 
funnel. the c-entrifugal force of the air 
is balanced by the oppositt>lY-directe-d 
differential pressure existing betwee-n 
the -outside and interior of the whirl. 
Other things being allke, the centrifugal 
force Is inversely as the radius of 8J'I'a
tton (average distance of the maRS from 
the center); therefore the contraction ot 
the funnel Is, at least, a. coarse measure 
-of the raretaetlon. 

To be explicit, if the diameter close to 
the ground Is one quarter of that near 
the top, then it may be safely Inferred 
that the vacuum at the base must be 
about four times higher than in the top 
region, where there is no· appreciable 
contraction. 

As the me-asured pressure difference in 
pumps Is somewhat greater than that 
given by the formula. (Note D) It Is 
tolerably certain that In the case con
sidered a vacuum of not less than four 
inches would be attained. 

( 4) Most of the mechanical effects of 
a tornado are, as a rule, greatly intensl· 
fled through water, dust, sand and other 
o-bjects carried by the blast. Even though 
these material!~ may be present In a. 
very small percentage by volume, they 
are hundreds or thousands of times 
heavier than the alr, and may add enor
mo-usly to the mo-mentum and tm.pact. 

(5) The translatory (from place to 
place) motion of the funnel Is rather 
across, and not In the direction ot' the 
wind, as commonly beUeved. This is due 
t() its rapid rotation, causing the so
called Bernou1lll or Magnus etfeet, only 
mueh more Intense. The force pushing 
It across the wind may be many times 
greatel' than that urging it along the 
same. The- whirl Is -propelled from tlM 
side of ~ter trta.tte l)l'et~t~ure. where 
the l'Ot&tJon fs acam.t the wiD4 ... to-
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wnrds which lt leuul, ln the direction of 
the opposite aide where the rever.~~e co~
ditlon exists. It Is well to remember this 
in such a. storm. If the obaerver seea a 
leaning funnel, he 1a in no immediate 
danger, but lf the funnel appears 
straight he should run 'lor shelter at 
ont\e. 

It will now be easy to show how a 
large and very heavy body, such 'u a 
loaded ra.Jlroad car or locomotive, can. 
be lifted by the tornado and transported 
to considerable distan-ce. American loco
motives, which are the biggest in the 
world, may have a. length o.f 86 and a. 
wldth of 11 ~ feet, preantlng thUIJ 780 
square feet ln horizontal projection. At 
the moment the whirl .trikes the ve• 
hlcle, the wheela, eonneetlona and other 
obstacles under the main body arrest 
the motion of the air, causing a. static 
presaure of 138 pounds per square toot 
In excess of that ot the atmosphere. 
But as determined above, owtng to the 
vacuum, a. preasure difference of four 
inches of mercury (that is, two pounds 
per square inch or 288 pounds per 
square foot) Is maintained, making the 
whole difference of preuure between 
the spaces under and above the loco
motive 288+138 = 428 pounda per square 
toot. The total upward push exerted on 
the expoaed area. of 780 square teet Is 
thus 323,'160 pounds, which la much 
more than the wc•tght of fiUch a loco
motive (l'stlmntNl nt 280,000 pounds 
w.hen fullY' equipped for service). 

Ordinarily, the weight should be much 
smaller: and one can readily ne that 
the vehicle may be instantly ralaed ln 
a spirnl, accelerated and hurled away 
tangentially to great distan-ce. The &VM"• 
age person may be surprised that an in
slgnlflcnnt vacuum Is sufficient for so 
stupendous. a. display of force: but the 
figures atrord an unmistakable proof. I 
may add that I have assumed minimum 
values which wlll be, in all probability, 
greatly exceeded. 

The constant fear of danger from tor
nadoes and the great losses of life and 
property which they cause ln certain 
parte make 1t very desirable to ftnd some 
mea.ns of etrectlvely combating, if not 
preventing them. Whenever man at
tempts to interfere with the order of 
things determined by immutable laws, 
he flnde that his ettorts are utterly ln
signlftcn nt wht>n compa.red with the vast 
movemE>nts of energy in Nature. 

One of the greatest possible achieve
ments of the human race would be the 
control of the precipitation of rain. The 
sun rall!!les the waters of the ocean and 
winds carry them to distant regions, 
where they remain In a state of delicate 
suspension untn a. relatlv.ely feeble 1m· 
pulBe causes them to fall to earth. The 
terrestrial mechanism operates much 
like an apparatus releasing great energy 
through a trigger or priming cap. . 

If man could perform this relatively 
trifling work, he could direct the Ufe
glving strenm of water wherever he 
pleased, create lakes and rivers and 
transform the arid regions of the globe. 
Many means have been proposed to this 
end, but only one is operative. It Is 
IJghtn.lng, but of a certain kind. 

More than 35 years ago, I undertook 
the production of these phenomena and, 
In 1899, I actually succeeded, using a 
generator of 2,000 horsepower, in o·b
talning discharges of 18,000,000 volts 
carrying currents of 1,200 amperes, 
which were of such power as to be 
audible a.t a distance ot 13 mlles. I also 
learned how to. produce just such light
nings as oocur In Nature, and mastered 
all the technical difficulties In this con
nection. But I found that even the small 
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922 EVER Y.DAY SCIENCE AN·D MECHANICS /or DECE KBER, 1931: 

~New! New!! Newill 
Two New .25e Sbort Wave Book& 

HBRB IS GRB21T NBWS 
These new bookl will be 1welcomed by all abort wave experimentera. 

short wave fans and short. wave enthusiasts, the same as our former two 
books, HOW TO BUILD ANU OPERATJ<} SHOBT WAVE RECEIV
EHS, and HOW TO BECOME AN AMATEUR RADIO OPERATOR, 
were welcomed by thousands or our short wave friends. 

In conformity wlth the times tbele books hne been priced at 25c 
Instead or 50c, which is the price or our other boolla. Yet the two 
new 25c volume• contain a tremoodous amount of informaUon. 'l'be 
type and Illustrations have been chosen in auch a manner as to &lve 
you almost as much for your 25c a1 you received for your 50c before. 

You make no mistake In gettin& either or both of these new bOok• 
an<l we know rrom our many years of experience with short wave en· 
thusiasta that you will thank us tor havlna made these. books posalbll. 

Teallost PopalarShort WaYe lleceiYer., A lihort Wa..-e ........... 8eek 
Bow to Make aad Work Th._ Here Is a book that will aolve :vour oroblema it :rou are 

l'hb new volume is a revelation to all those who wish to new to the short. wave aame. It. contaln11 posltini:r evf'r:r• 
~uild their own short wave recelvera. The editora of SHORT thin& that you would whh to know in CODnectiOD with abort 
WAVE CRAJ<'T hnve selected ten outstandln& ~hort wave waves, leadin& you in eny star;ea from the Bim11leat funda· 
receivera and these are described in the volume. Everything mentals to tbe present ataae of the art. in abort. wue11 111 
worthwhile about en~ry one of the ten receivers Ia described 1L Ia known today. It 1a the only low-pl'lced referenee 
In the wxt. .Ea(·h receiver is fully illustrated and each book on short wavea tor the be&inner, whether he be a 
rec~h·er has a complete layout, pictorial repr&sentatlon. shOrt wave enthud11st, abort wne Ullt.entl' or abort waft 
photographs of the ,et complete, hookup and all worthwhile amuteur. 
apecltlcatlom. :Everything from the simplest one-tube aet 'l'ho book Is profuaely 1Uuatrated With all 1ort1 of 
to a 5·tube TIU<' receiver Ia presented. Complete lbta or Ulustratlons, explanation• and everythln& worthwhile know· 
parts are given to make each 1et a!l complete as it 11 in& about short wuve~ tn thla tntt-restln& alld growln& fteld. 
bumanly possible to do. Yet withal. the book Is not "teehnlcal.'' 

C ontent• cb!~t~b~~ u:!~ et~.~!ull~~s~:~l:•ia~~o:-pha. aliiiPle 
.!.f.! Sw-:c:: /:=~~= .. ~ os,.~•!_!,s'fl'~.;;!j~ The book is just choCk full of informatlou an4 rau will 

i -•••·tubeJI oooiiib.z:,x ..... , ... ,._. g.,~·swr ... lnr- never rearet havlna gotten tbh lmllortant •olume. · 
to_p 2·tube All· We .. receiYer-D-ton"Stand-BJ'"-Tbe "8taDd· 
i-:~ii:'U!!:r':.':.!t~~:.,~~l'"o::f·~&:~i.~ Content• In •riel 
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BOOK 8EFORE. in Short Wave Construction. 
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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
ings wrote a series of articles that have 
run 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 
this most interesting subject. 
It is profusely illustrated and there are 
many desi~s showing you step by step 
how to proceed. 

You•u be delhrhted with this 
book. 60 cente-stampe--coin 
--edd 15c exchantre to cheeke. 

HOMECRAFT BOOK SHOP 
Ul EAST SUPERIOR ST. CHICAGO, ILL. 

manifestations are of. comparatively 
small energy. It is entirely within our 
power to destroy them, or at least ren
der them harmless; and all the more 
easily, since meterorology is becoming a 
positive science and weather forecasting 
reliable. 

A sl"rvlcP. with f'!tandn.rd· bombing 
pll'lll~-'l> nr· :"'WII'Ier 1ypt:'S rnl~hl ht' Ot'
ganiz<•d (Ill' lltiH JlUl'JlOliC hy t.hC flOVN'O• 
ment, for the necessity is real. The tor
nado, owing to itH small energy, extreme 
mobillty and del_lcate balance betWl'en 
the external and internal pressurt>, is 
a very vulnerable object and can be un
doubtedly destroyed by comparatively 
small charges of ~uitable cxploslvt>. The 
whirling mass can also be easily de
flected in any desired direction by ex
ploding a charge even at a consider
able distance from it. The task would 
be further facilitated by the relatively 
small translatory velocity ot the tor
nado, especially in view of the present 
means for instant signalling. 

I believe, however, that telautomatlc 
devices offer et!ective means for com
bating tornadoes. Since I exhibited the 
first apparatus o.f this kind, John Hays 
Hammond·, .Jr., who has acquired a great 
mastery ot the art, made demonstrations 
on a large scale, sho·wing the prac
ticability of distant control of complex 
machinery, It would not be difficult to 
provide special automata for this pur
pose, carrying explosive charges, Uquid 
air or other gas, which could be put into 
action, automatlcaJly or otherwh'le, and 
which would create a sudden pressure 
or suction, breaking up the whirl. The 
missiles themselves might be made of 
material capable of spontaneous igni
tion. Many experts are now available for 
such service and manufacturers can be 
found competent to carry out any plans. 

A Government department mlaht be 
organized, headed by auch a. man u 
.John Hays Hammond, Jr., and a aye. 
tematlc study of the problem made. The 
carrying out of the scheme would g1ve· 
new opportunities for manufacture an4 
employment, besides securing other ad
vantages. There is no- doubt that, lf 
such an undertaking were inaugurate4 
and many minds set to- work,: ettectJve 
methods and means would be eventually 
developed and· great loss gf life and 
damage to property prevented. 

NOTE A: Taking the heating value of the 
compound as 4100 B.T.U., a constant preuure 
of twelve thousand atm0>1phere.~ should 1,._. at;.. 
tained; the theorl'tical temperllture of the com• 
bustion produeta beintr about 8000° F. The hitrh• 
eat poeeible tlpeed would be reached if the .... 
were to eeeape into the atmosphere through a 
perfect divergent nozzle. In this caae, the initial 
absolute temperature would be Tt = 8460" F.; 
hence the absolute temperature of the fully-ex• 

paneled ~rases Te = 1146~~~~uoo = 583° F. Accord
ingly, usumintr thr epeeifie heat at constant 
volume Cv = 0.38, the available ener~tY ia 
W :::: 7H77 X 0.38 = 2600 B.T.U., and the 
maximum theoretical vdocity V :::: 
V 6(.4 X 778 X 2600 = lUOO feet per aecond • 

NOTE B : Let the stalk be one foot long, one. 
eighth of an inch in diameter and of a 11peeifte 
srravity of 0.( u compared with that of water. 

The aection is then. about /o of a equare inch or 

144 
1
x 110 =11~20 of a square foot and. conse-o 

quently. the volume 11 ~20 of one cubic foot. Since 
one cubic foot of water weitrhl 62.45 pounda. 
the weitrht of an equal volume of straw will be 
0.4 X 62.(15 = 25 pounds. hence the we'-ht 

of the piece of straw 1:?:!o pounds and its mass 

M = 
32 

x2~ 1520 • Then the kinetic energy Is 
1 25 l[ 22500 
2M V2 = ~ foot pounds 
and will be exhausted in overcoming a re::~istinc 
force r which the stalk encounters while pierc• 
ing the wood. If the distance of penetration is 
1/2 inch or 1/24 of a foot. then the t.>quation 
will hold true 

!!5~:5;~ = r X tr 
from which follows 

2~ X 22.i00 :1[ 25 
r = tH x lla~ = 18.31 pounds 

This is the mean value of the force or preeaure 
produced. it11 maximum being 

2 X 18.81 = 36.62 pounds 

As thie pressure is exerted on an area of ~~ 
of a square inch, the force per square inch will be 

F -.: :Ul.li2 '; !lO :::::: 2\129.Ci tltlllnd>~ 

NO'I'I•l c: 'l'ht• '\'t1hllllt• iH U.:!lll 1l l1 t ll:! 
d~ t- u l>) :::_ 0.2111~ X 1200 (l21HI 1 I IIOOJ 
+ 1200 X 300) .::: 0.2618 '><, 12HO lt:!tl02 -+· 
1200 X 300) = 593760000 cubic feet, the weight 

!\ 
about 593760000 X itiii = 47500000 and the malls 

M :::::: m;~\f)~ = 14!14400 pound... If all of it 
would rotate at the top speed V = 235 feet per 

H!'I'Olld, the kinetic enerl{y would be -!;· M v~ :::: 
742200 X 5522li = 409HR000000 r<Wt llOUndlt, 

equivalent to 
401111ff~l!.!!!!! == 62700000 D.T.U. 

NOTE D: When a maae of air is rotated in a 
easing with inlet and outlet openings, by a sys
tem of discs or other meane, the peripheral 
velocity being V feet per second, a presaure 

difference of approximately V: w = "~ ~:· 011 = 
IFo pounds per equare foot ill produced betweea 
the suction and diecharsre orifices. It V ;;::: 215 

feet per eecond. then !~ = 5~!~5 == 69 pounda 

per square foot, or j/i = 0.48 pOUnds ~r equare 
inch ; corrt•spcmdinsr to a vacuum of a little leM 
than one inch. -------

New Devices 
(Continued from pag(' 877) 

The last item is another household 
utility which takes into consideration the 
fact that all hnvt' not elodric powt•t·. tt 
is a standard washer type, equlppE>d by 
lts maker with a small four-c}•linder 
gas engine, which is started by a toot
pedal. A triction-drive pump will empty 
the tub In less than two minutes. It 
holds ten gallons of water, and washN 
six pounds 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 electrodeless vacuum tubes became extremely popular and were frequently lighted 
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 
been 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. 11 

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 'consists 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 11 sprayer. 11 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. 
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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 interior, 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 
shall 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 
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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 r'esult would be a thickening of the film toward the top. Similar
ly, the electric film on the belt is "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 tne tension of the sprayer and increasing t~e 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 distinct advance over its 
predecessors, the result of a scholarly effort towards producing an instrument suit
able 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 types 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 tly 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 inefficient. 
While it is quite evident that exceptionally favorable conditions for accurate 

observation will be realized in this instrument, it is highly probable that the at
tempts to smash the atomic nucleus and to transmute elements will yield results of 
doubtful value. Certainly, much of the ingenuity and skill now devoted to these il
lusionary tasks might be better employed. The nucleous is a neutral body consisting 
of tightly packed particles of the same kind which were originally positive and neg
ative. When the body is smashed the particles again acquire their charges, without 
distinction and instantly form neutral pairs so that we have nothing for our pains. 
It is folly to expect useful results from transmutation brought about through such 
bombarding of targets. If anything of considerable practical value is 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 density can be determined by a simple calculation. At 

the spraying points, due to their constant action, there can be no change in the 
value 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. Since the law of variation is 
quite immaterial to this argument it may be assumed that the increment is proper~ 
ti'bnate to the distance from the spraying points, expecially as this is most likely 
to be the case. Under such conditions, a transversal strip of the belt one centi~ 
meter long and at a distance X from the center of the sphere, will contain a charge 
q = 120(1.8333+a dd-x) e.s.u. Hence the repelling force exerted by the charge Q on -r 

the terminal will be F =J.d Q x 120(1.8333 + ~=~ d~ This integral can be readily 
r x 

solved by expanding and yields the value F = 2756352 + 1088367a dynes. The mechan
ical work at the normal belt speed of 3000 centimeters per second will, consequently, 
be equivalent to W = 0.8269056 + 0.326510la kilowatt seconds and must be equal to 
the electrical 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 

a= 1 ·~.32~5~6~9056 = 0.8364 electro-static units. 

With this excess density and distribution of the charge as set forth, the net 
power of both belts, expressed in electrical units, will be 2.2 kilowatts which is 
exactly the performance of the generator with the overflow current of 0.00022 ampere 
and terminal tension of 10,000,000 volts. It is evident that just as water finds 
its level so this balance is instantly established under all working conditions and 
is effected by a varying slip of the charge; that is to say, by reduction or in
crease of its translatory velocity according to the changes of the load. 



Looking up through one of the insulating 
columns of the Van de Graaff generator, 
showing the endless paper belt 

256 

Another view of the 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 Dr. 
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.J 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 
evident 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 10,00~,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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New York 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. 

Lqoking 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 
nest 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 inventive 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. 

"It is true," said Mr. Tesla, "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 to 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 find the answer. 

"I consider this extremely important," said Mr. Tesla. "Light cannot 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." 

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, is 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. 

"We have made sure by experiment," said Mr. Tesla, "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 
fact, radio transmitters emit nothing else but sound waves in the ether, and if 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. 
"Errors" 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 strange 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," said Mr. Tesla, "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. 
''It ought to be with us soon, and some day it will be on a par of perfection with 

broadcasting of music." Then with a circular sweep of his arm and added, "There 
will be large pictures thrown on the wall." 
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Modern Mechanix and Inventions 
July, 1934 

Radio Potuer will Revolutionize 
Tesla's World of Ton1orrow 
"We arc on the threshold of a gigantic 

revolution,· based on the commercialization 
of the wireless transmission of power. 

"Motion pictures will be flashed across 
limitless spaces ••• 

"The same energy (wireless transmission 
of power) will drive airplanes and dirigibles 
from one central base. 

". • • In rocket-propeiJed machines • • • 
it wiJJ be practicable to attain speeds of near· 
ly a mile a second (3600 m.p.h.) through the 
rarefied medium above the stratosphere. 

" ••• We wiJJ be enabled to illuminate the 
whole sky at night ••• Eventually we will 
flash power in virtually unlimited amounts to 
planets." 

-Nikola Tesla. 

THE world will soon enjoy the benefits 
of clectricily transmitted by radio. 

Huge and expensive transmission lines will 
be unnecessary. Bulky and unsightly dis
tribution systems will be done a'\vay with. 
A little receiving device in your home will 
give you all the power you can use-and 

"for only a fraction of present-day costs. 
\Ve· wiJI soon be communicating with 

other planets, where it is entirely possible 
that there is civilization far ahead of ours. 

Tomorrow we will sec rocket planes fly
ing through stratosphere at a speed of a 
mile a second or 3600 miles an hour. 

Fanciful dreams? No! Just conclusions 
based upon knowledge of what has been 
clone, what is being done and what can be 
done in the future. I speak along practi-

Nikola Tesla, electrical wiz.srd, for~s~es th~ day when 
airplan•s will be op~rated by radio-transmitted power sup
pli~d by ground stations. u ~hown in the drawina above. 

cal lines and with a pn1ctical linowlt.>dge 
of what I am talking nbout. 

Power transmission bv radio is goin~ to 
change our present civiiizalion materially. 
The transmission of energy to anotht·r 
planet is now only a mntter of engint•t•r
ing. I have solved tlu: problem so well I 
no longer regard it as doubtful. I am also 

certain there are creatures on 
other plan(•ts whose ways nrc 
]ike ours. The nc..·w era will st·c 
amazing developments in inter
planetary rdations. 

En•ry other plant•t has to paso; 
through the same phase of t•x
istcnc<> this earth dirt, and lift• 
is startl•d on them during .that 
favorable phase hy the_. ra~·o; of 
some sun. It develops in the 
pt·escnce of moisture, heat :mel 
li~ht in much the same mannt>J" 
as lift• docs here. \Yc know that 
light pt·opngat<'s in straight line.>-;, 
nnrl consequently om· perct·p
tions of the forms throu~h tlw 
images projected on the retina 
mnst h<' true. 

By using uhra-short wav~s, sci~nce t'XJ)t'CU 10 pent'tr.u~ the heavi~id• layer, 
or gaseou! m•dium surrounding thto toarth, .and ••tablish r:u.lio communi
Cition wirh J\.!are •nd o&htor disrant pl.ant'U, u ~ho-.n in drawing abovt'. 

Thcrcfon-. it should not he 
lwrd to establish int('lligent ex
dJangc of idt•as between two 
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the CWORLD ../J 
by NIKOLA TESLA 

As told to 
ALFRED ALBELLI 

Who Is Tesla? 
Radi~ Pioneer Nilcola Tesla was 

born in Hungary, came to the 
United· States in 1884 and has 
since developed more than 100 de~ 
\"ices and imprO\'ements in elec~ 
trical technology. 

Once associated with the late 
Thomas A. Edison, Tesla sent a 
radio impulse around the world 
almost 40 years ago. He discov· 
ered the rotating field principle in 
alternating currents and is con
sidered one of the greatest living 
electrical scientists and radio au
thorities. 

planets. The earth we inhabit 
might be the beneficiary. It is 
conceh·able that there is ch·ili
zation on other planets far ahead 
of ours. If communication <>ould 
be established b.r the earth llu.· 

Nikol:a Tesla is shown in hi• labor:~tory with late type ntercury arc: 
re.:ti6er tubes. When Opf'Utina. these tUb!tS aive off a violet alo .... 

ht.·neflts to human beings would he incal
culable. 

As far back as June, 1900, in discussing 
my experiments at the beginning of tht.• 
<>entury, I said that my nu.•asur·t.•ments anti 
cnlculations. showNI that it was perfectly 
pr·acticuule to produce on our globe nn 
electrical moYeme.nt of sud1 magnitude 
thnt, without the sli~hll•st doubt, its efl't.·<>t 
would be perceptible on some of our 
nt.•nrer planets, as Ycnus und :\Iars. 

Interplanetary CoJnmunication Probable 
Thus, from mere possibility, interplane

tary communication has entered the stage 
of probability. In fot<>t. that we <>an pro
duct.• a distinct effed on one of these plan:
ds in this novel manner, naml'ly. hy dis
turbinft the cle<>tri<>al eorulition of tlw 
earth, is beyond any doubt. 

In order to make myself clearer I shall 
deh·e still furtht.·r into tht• preliminary 
discoveries made in what I <>all m~· pio
neering days, which was long ht'forc any 
other scientist hacl made ~IllY progress in 
this fll'ld. I ha,·e always dwscn to n·ntnin 
in the background. 

Some y(·ars ago I urged the experts en
gaged in the commcrdal npplkalion of 
the wirclcss art to employ n·ry short 
waves, but for a long timt.· my suggestions 
were not heeded. E,·cntually. though. this 
was doru•, and gradually the wa,·c lengths 
wt•f·c n•dtH't•tl to hut a fl.'W melt·r·s. 

lnv:rriahlv it was fourHI that tht•st.• w~n·t•s, 
just as tlto~e in thL• air. follow tht• eun·a
ture of tht.• earth nnd hend nround o!J-

stacles, a pe<>uliarity exhibited to a much 
Jesser degn·e by trans\·erse vibnttions in 
a solid. 

Hecently, however, ultra-short waves 
hm·e het.•n expcrinwnted with and the" fa<>t 
that they nlso haYe that same I>t·opcrty 
was hailed as a gr·eat tliscovc•·y, ofrt.·rin~· 
the stupt•ndous promise of mnking win·
lt•ss transmission infinitely simpler anti 
l'llt.•aper·. 

It is of interest to know what wircles"l 

Tup photo 'h""'' rhe Camou'i Te;l.l coil, u~tJ to tran.imic 
~.trly r:1Jiu ~i~:uh. B .. low, th~ cuil in .actu.1l oper.auun. 
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Rocket Ships to Circle Globe Ill 51 Hours; Night to Change luto Day 

Future rock~t planes may circle the globe in 
5 Y.z hours. At 3600 m.p.h., th~ planf travels 
•bout 19,500 miles. Earth's rotarion adds 5500 
mif~s to total. Right, lights direct~d against 
~i.1nc reR~ctors may furnish constant daylight in 
future, if radio-power projects prove auccessful. 

c.·xpe1·ts have expected, knowing that 
waves a few meters long arc trnnsmitted 
dear- to the antipodes. Is there ;my reason 
that they should behave radically differ
ent wh~n their length is reduced to about 
half of one meter? 

As the knowledge of this subject seems 
very limited, I may state that even waves 
only one or two millimeters long, which 
1 produced thirty-four 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. 

Short Waves Provide Increased Channels 
The chief ob.iect of employing very 

~hort waves is to provide an increased 
TI\Jmber of channels required to satisfy 
the evcr·-srowing demand for radio ap
pliances. But this is only because the 
transmitting nnd receiving apparatus, as 
,;cnerally cmploy<'d, is ill-conceived and 
not well adapted for selection. 

Because of this nnd other shortcomin~s. 
1 do not attach much importance to 1ltl' 
employment of waves which arc now be
ing experim('nted with. Besides, I am con
fpmplntins the usc of another principh.• 
which I have discovered and which is 
;~I most unlimited in the number of chan
nels and in the energy three-electrode tubes. 

This invention has been crcdit•~d to 
others, but as a matter of fnct it ·was 
brought out hy me in 1892, the principle 
being transmitted. 

It should enable us to obtain many im-

portant rcsulls heretofore .considered im
possible. \Yith the knowledge of the facts 
before me, I do not think it hnz~•rdous to 
predict thnt we will be enabled to illumi
nate the whole sky at night and that 
eventually we wiiJ flash power in virtually 
unlimited amounts to planets .. 

I would not be surprised at aJI if an <.>x
perimcnt to transmit thousnnds or horse~ 
J)()wer to the moon by this new method 
were made in a few years from now. \Ve 
must establish transmission or power in 
all its innumerable applications. This hns 
been my life work, and although I am now 
close to 78, 1 unhesitatingly say that I 
hope to sec its fruition. 

I hnvc been fortunate in th(' e\·olntion or 
new ideas, and the thought that H numl>l•r 
of them will he remembered by poskrity 
makes me happy indeed. I mn con1ldcnt 

(Continued on payl' 117) 

What About Today's Scientists? 
"The scientists from Franklin to Morse 

were clear thinkers and did not produce er
roneous theories. The scientists of today 
think deeply instead of dearly. One must 
be sane to think clearly, but one can think 
deeply and be quite insane. 

"Today's scientists have substituted mathe
matics for experiments and they wander off 
through equation after equation and evPnt· 
ually build a structure which has no relation 
to reality." 

-Nikola Testa. 
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Radio Power to Revolutionize World 

(Continued from f'UJ(' ~:! J 

that m:r rotating fidd nncl induction motor 
nnd the wirdt•ss system I han~ gi\·en to the 
world will lh·e long ufter I have gone. 

You ask me about atomic energy'? I ex~ 
perimented with the atom. nnd achieved 
similar ends, Jon~ before the wave of ball~·~ 
hoo swept O\"er the country in recent years. 
The idea of atomic ener~~· is illusionary but 
it has taken n powerful hold on the mint! 
nnd there nrc still some who hl'lit•,·e it bt• 
be realizable. 

Tesla's Vacuum Tube 
I have disinte~rnted nloms in my experi~ 

ments with n hi~h potential vncuum tube 
[ brought out in J S96 which I consider ont• 
of my best in,·enlions. I hnve opt•rated it 
with pressures rnnging from 4.000,000 to 
J 8,000,000 Yolts. :\I01·e rt'cen tJ~· I luwe dt•
si~ned nn appnrntns for 50.000.0110 \'Olts 
w'hich should produce many results of gn•at 
.scientific impot·tunce. 

But ns to atomic t>ner~y. my t>xpet·imt>nl:,ll 
obst>t'\"ntions han~ shown that the procl'ss 
of disintt>gration is not nccom(>~mit•cl hy n 
libenltion of such cnct·gy ns might he ex
l'ected from tht> present tlu.•ol'iC's. 

And ns for tht> cosmic rnr: I cnllt>tl at
tention to this r·ndiation while in\'t>sligating 
Hoent~en rays and rndionctivity. In 1899 l 
t>rt•ctctl a broadcasting plant at Colorndo 
Sprin~s, the 1irst nnd only wireless plant in 
<."Xist(•ncc at that time, nnd tht•rt> contirmNI 
my theory b~· nctual ohser,·ntion. :\ly find
ings nrc in disn:!n·t>mt>nt with the tht>orics 
more recentlY ad\·nncC'd. 

I ha\·e satisfied myst>lf thnt the rnys arc 
not gt>neratcd by the formnfion of nt>w mnt~ 
tt"r in spncc, a procl'ss which would he lil-a• 
water running up hill. AcC'ording to my oh
scrvations, they come from nil the suns of 
the uni\·crse nnd in such abundance that 
the pnrt contributt>d b~· our own sun is very 
insignificant hy perct>ntage. Somt> of these 
rnys arc of such tt>rrific power that tht>y , 
cnn tra\'t>rsc throu~h thous\lnds of mill's of 
~olid muttt>r. 

Properties of Solar R:ays 
Tht>y ha\·l', furtht>rmorc, otlwr (•xtraor~ 

rlinnry propertil•s. This rny, which l cnll 
the JH"imary solar ray, gives rise to a st>c
ondary radiation by impact ngainst tht> air 
anu the cosmic dust scatten•<l throu~h 
space. It is now commonly called the C()s
mic rny, nnd comes, of eotir·st>. equally fr·om 
all dirt>ctions in space. If radium could hl' 
scn·c•ned cll'ectin•ly ngainst this ray it would 
cease to ht> ra(lioacti ve. 

The scit>ntists from Frnnklin to :\lorst> 
were clear thinkt•rs nncl did not produce 
£'rronc•ous tht>oril'S. The scit•ntists of toda\· 
think d£'t>ply instt>nrl of clearly. One nmst 
he snnt> to think clt>nrly. hut one can think 
dl•cply nnd be quitt> insane. 

Toda\·'s scientists haYe substituted mathe
mntics ·ror expt>riments, Hnd they wnnder 
ofr thruugh <'quation afll•r <'quation. :-4nd 

( Conlinurd on prrge 118 J 

N••-··••••••••••••••••Ap ••••• 

Ad•lrM.\.; ...................... . 

. . ·The Job You 
; ~~~ · Want Means...-: 

,' ~ -. -~zprr_· More Money 
_.VJ,Y. .. !"' and Greater 
,:Jr~ ·\,... Opportunities 

Accidents happen-but get
ting the good job is not nn 
accident and does not ·just 

happen. It is a combination of 
training- experience- and n 

willingness to use your nbility in 
the interests of your employer. 
EYery time you apply for a job, you are asked to 
make out an npplication stating exactly what 
trnining and experience you hnxe to offer. Your 
record automntic:1lly decides the question. So 
bnding the job you want is not so much n. ques
tion of whether the employment manager like:; 
you personally, but whether your tr:1ining and 
experience fit you to fill the position sn.tisfactorily. 

Who Will 0. K. You 
for the Job You Want? 

Daily t\"C prcscnt the qu31ifi<'ations or students :tnd 
~raduatcs to on~r 150 cmplrJycr~. \\'c search out 
opc>nings and 0. 1\:. t:1c student us hein:1: fitted for th~ 
job--all without cxtr-..t. ch:ug~. liuudr~d:J bavo L>ccn 
helped to "cash in" on their trnini11~. 
Let us help you incret:L;:e your tr~inin~. nnd so get you 
rc:1dy for the joh ~he:td. J>romotion is a stcJ>-obJ.·-stt.>!) · 
process, and a reason:::hle ~mount of extrn. tmining wilt 
win you an inerea5e of pay sen~ral timcs tho cost of 
the tmiuing. And ::s ;;..:>on us you are rca(!}•, we shatt 
hi! gbd to help you bud ~he con~tcd position. 
It i=- not an nccidc>nt tin,t well-trained men secure gt)od 
po.-,itiuu:i. ,:\\·oid a~"!dent3 nnd "pla;<r safe" by prt."
paring yourself to f'ia s~ti5£ar-torily highcr-~~mde ~\nd 
bl'ttcr-I,~lid l,n:;itinns, T:.kc the fir.-;t stc1) tnward th;Lt 
hettcr-tJayill~ job hy eLC>C'kim! aho\·e tit<' kind of w·lfl.: 
that intcn:sts you, ~md !ct us scud you fult inforUtatiun. 

American School 
Oept. CB23. Drexel Ave. at 53th St., Chleaco 
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How To WIN PRIZE CONTESTS 
This book can make you 

rich, or at leasr help you make a good living. The purpos€' of 
this book, "How to \'V'in Prize Contests," is to help you win by 
~ .. rring forth the besr-known principles and methods. Send 2 ~c to 
HALDEMAN-JULIUS CO. Boll 757 GIRARD. KANSAS 

11(•1~)tQ ":;i ;t ~ @!., i ;~ ( .. ij wi'~i t;'fl 

ii 
ONAN A.C. PLANTS rurni<h same 

: •·urrent a~ city senicc. Op..r.lte' 
Radio, Wat~r SJ~tt'm a•1•l Hou<ehold 
Appll~nrc••. 

SIZES 300 WATTS UP 
~fodth low a~ ~:•9. · !"<} 1).\ll~ry u•e•!. 
Ea~y to lo•::tll T<l•·:~l r .. r rarm~. 
lakt' home•. ,,-;nnlf'rrial purpo"·~. 

D. W. ONAN & SONS 
Ul RoyahloJt A•e. MianUJ .. iS, Mi111. 

hns no 

How Tesla Works 
Nt'xt comes the stage of direcr effort. At 

this point the solution is somewhere in my 
subconscious mind, although it may tnk£' 
some time before it reaches the level of 
con sci ousn ess. 

As my conct•ived device begins to tnk£' 
form, I make menta-l changes in the con
struction, imprO\'{'Illents arc figured out, 
nnd I even operate it. AIL of this is pre· 
liminary work-a}) in my mind. \Yht>n th(.• 
mnchine itself is finished, I slip my ima~i
nnry job ovt>r it and fi_nd they coincide 
to the minult>sl detail. -

A great •levclopmt>nt cnn h<' expN•tt>d in 
rocket prop{'llcd machines for purpo~cs nf 
pNtcc and war. \Yith such machines it will 
he practicahlt' to nttain speNis of nearly 
n mile n second (3GOO mil<"s per hour), 
through thc rarefied mt>dium abo\'(' the 
stnllospht>rc. 

I anticipate thnt such machirws will ht• 
of trcmt'nclous importance in intt>rnntioual 
conflicts of the future. I fon•:o.('t' thnt in 
thnt>s not too distant, wars betwet•n ,·nriou-; 
countri(.•s wiJl bt> cnrried on without a 
single combatant passing O\'t>l' the border. 

Infernal Gas Madaines 
At this very timt> it is possible to con

struct infernal mnehincs whkh will carrv 
any desired <11tnntity or poison gases ancl 
explosives, Jmmch them agninst a target 
thousands of miles awny and destroy L a 
whole city or community. 

lf wars nrc not don{' away with, we :\ft.' 
bound to comp eventuaJlv to this kind of 
warfart>, becnuse it is the most l'Conomical 
menns of int1icting injury and striking ter
ror· in the henrts of the enemy that has ever 
bcl'll imagined. 

:\Iy parnmount dt>sire today, which guides 
me in t'\'erything I do, is nn nmbition t() 
harnl'SS tht' forces of nnturC' for the service 
of manliind. As I sec it, Wl' are on thr 
thn•sholcf of a gigantic revolution based on 
the eormuercializ;ttion of thl' wireless trans· 
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mission of power. The principles for this 
.have been discon·rcd by me. 

As this wireless t.•nergy is converted into 
a commodity for the usc or the masses, 
transport and transmission will be subject
ed to tremendous changes. :\lotion pictures 
will be flashed across limitless spaces Jw 
my s~·stcm. The same energy will drh·c air
planes and dil"igiblcs from one centrnl base. 

In this new era man will he ublc to tra\·cl 
safely, and at great speed, to ~m~· part of 
the world-the jungle-the nrctrc-thc dcs
t.•rt-mountain tops--o,·er oceans. The in
struments by wh1ch these wonders will be 

. achieved will be amazingly simple. 
These things will come to t><tss. Some of 

them arc alrcnd~· within the renhn of renli
zation. But like those wonders which I pre
dicted and helped perfect nearly fifty years 
ngo-in the early 80's-power trnnsmission 
is just around the corner. It's coming. 

Today I repeat a::tain what [ said to con
temporary scientists or those earlier pio
neering days: 

The scientific man does not aim. at an im
mcdinte result. He docs not <'Xpcct thnt his 
nd,·nnced id.eas will be readily taken up. 
His work is like thnt of the plnnter-for the 
future. His duty is to lay tlw fo~mdation for 
those who are to come. and pomt the way. 
He lh·es nncl labors and hopes. 

How President Roosevelt Keeps Fit 
(Continued from page 65) 

est in the outdoors than the present Presi
dent. Before illness robbed him of the full 
use or his legs he was an all-around athlete, 
enjoying tennis, hunting, iccboating, swim
ming, baseball and football. 

But although the President's enormous 
energy is geared to the production peak of 
a precision-tooled machine. he docs not ni
Jow his energy to run away with him. He 
!mows when to work and when to rest-a 
ll•.sson brought home to him in force when 
in 1921 paralysis struck him down. l>cpri\'ed 
or the use of both his nrms ancl his legs and 
~i\·cn scant aid from physicians who knew 
next to nothing about his disease, Roosevelt 
was forced to work out his own snl\·ation. 
His subsequent ,·ictory was two-fold: physi
cal rccoYcr~· and a basic knowledge of men
htl discipline. 

Today, a great part or the President's 
health program is given o\·cr to mental re
lnxation. He is a grcnt rend<.·r. enjoys mo\'
ing pictures, lil..:cs to list('n to the radio and 
is enthusiastic about music, hotlt popular 
and classical tunes. 

Indoor games are one or the Prcsid<.·nt's 
favorite methods of rclie\'ing nwntal pl'es
surc. He enjoys rummy, solitair·c. hridge and 
pat·chesi, playing tlH•m all with his charac
h•ristic gusto, hut nt'\'er won·yin~ ahout tlH'ir 
outcoml•. The President is also one of Amer·i
<'n's lcadin~ hohhyi\its. His ~tamp collection 
j.,. noteworthy nnd his group of ship modl'ls 
nnd n:wal paintings nntl lithogn~phs is om• 
of the most <.·xtcnsin• in exi~t~tH.'t'. 

AIR CONDITIONING 
THE NEXT BIG INDUSTRY 

••• 

Its opporhnsitie• err• as hi~ iQ 
wiater as ia summer. ·Plumb
bag azaci heCltiDg ezagiaeera 
must bow Air CoaclitioQ.iaq 
-th• tield in its broader crs. 
peets ia'f'ites c:rmbitious mea. 
Write for iaformatioza on tb• 
zaew. up-to-the-miaute course 
oza .Air CozaditioD.iaq zaow of· 
fered by the lateraat,ozacd 
Correspoac:leac:e Schools. · 

INVENTION-a field of 
opportunity for men with ideas 
If you baTe em iaveuti•e tum of miad. I 
this a•w Iatematioaal Correspocdeace ltf( 
Schools Course iD iaveatiaq cmd pat-
eatiaq will teach you all tho basic ~" 
kaowledge you must have in ordor to 
earn recil rnoaey from your taleats. 
The coupoa will briag full iDformation. 

CHEMISTRY-a career of 
service and profit 

No field of bumaa eadea•or oUers CJrecrter 
possibilities today than che=il'try. Aa 
proqren is depeadeat upoa this fasc::iac;t
iDg sciecce. ADd right at home. in spare 
time. you ccm learn the fuada:neatcds by 
study of the Ictercatioaal Correspocdenc:• 
Schools modera course. Today. crsk us for 
complete iaformatioa. Seed for ClD ic~er
"tiag hooklet- tree. 

RADIO holds great rewards 
for trained men 

Almost iza cr decade radio has become a c;riact 
iadustry. The opportuaities created will be 
eajoyed by traiaed mea. The lntemational 
Correspoaclenc:e Schools Raclio Cour.lie. pre· 
pared by leaciinq cuthorities and constantly 

0 . 
I 

.. 
revised. will mcke you a trained mcm I A fasc:ina~icq 
book- FREE. Nc:1l tne c:oupoa. 

Box 2322-X, Scranton. Penna. 
Without ob!ig::tion. send me full inf.,rmatioa on 
•ubjec:t c:hec:lced below: 

0 Air Co::lciitioning 0 Chemistry 
0 Iaveotiag and Pateatinq 0 Radio 
0 Arthiteetur~ 8 Highway Engineerincr 
Q C~nerete Con>truetion Puultry Fanning 

8 i\Jtei!Jnttill Eng;.,~~rint §Drafting 
Rcadr'lg Sh~:J Blutprints Aeeo>untinq 

~
Civil Enqinetri"il Goad English 
Eleetrr:.•J Engin..tring ( J S:llf'>m 111\htp 
Dies.,J Engi~es 0 Adverti·;ing 
G3> ErtQt'le O•u!ratlng lJ Sh''"' C.!rd Lett...,.lng 
Re!ri~crJ!iun U Crvil Strviee 

· A.~iatiJn En~:i"e' 0 Hiqlt S.:h•l·>l Subjeth 

Nama ____ _ 

.A.ddr~3.i _____________ ----- --· 



267 

New York Times 
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 ag.ainst 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, 
11 The 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 man 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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GERMAN COSMIC RAY THEORY QUESTIONED 
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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 Kolhoester, director of the Observatory 
of Potsdam, in connection with the outburst of Nova Herculis (the "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 in the Supplement of the "Berliner Tageblatt" 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. 

Detroit 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. 

11 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. 

Coul.d 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. 

11 This alleviates their contemplated act of piracy. Other nations have done worse. 
·Nations cannot be judged by the same standards as individuals. 

"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 
morale of my simple-minded subjects. 
MUST USE THEIR WITS. 

11 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 I would leave no civilians behind in dealing with Mussolini. Though a man of 
genius and culture, the 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. 

11 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," Tesla 
replied with a laugh. 

"The dense tropical growth is an ideal impediment against gases and bombs and 
greatly reduces the range of such devices. Remember also that Ethiopia 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 the 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 1,000 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 explain 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. 

"
1 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. 

"Travelers, 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 subjects 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 little harm. 

"Perhaps my suggesting this remedy in my wholly hypothetical role, I may be 
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rendering a service to both compatants. 
"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 pathways, the Ethiopians would soon 
find out and beware. 

"In my opinion the Italians will be wise to absta~n from the use· of poison in any 
form. 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. 

"Their greatest peril is their own impetuosity. If they permit themselves 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 mercuric 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. 

"The charges exploding in contact with the tank would put the propelling engines 
and machine gun equipment 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?" 
"This 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. 

"But 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. 

"Should 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. 
"I perceive more and more clearly that Mussolini is making bold gestures to at

tain valuable concessions through the mediation of the Peace Conference. 
"Holding over the heads of the spineless League of Nations, like a sword of Dam

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 i·n 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 field 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 finding 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 disintegration. 
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Being perfectly satisfied 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 papers on Roentgen rays and Radiations 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 sun 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 like 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 pl~ce 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 
potential energy of a body is the result of motion and determined by the product of 
its mass 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 into 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 origin and character of the rays observed near the earth's surface are 
sufficiently 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 celestial 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 wish to make known. The process involved 
in the generation of the waves is the following: 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 experimental 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 the 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 is the source of the waves it follows that the so-called 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 this connection: (1) the 
intensity 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 kilometers; (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 practi ca 1 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 '96 to 
'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, it 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 description 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 beautiful 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 end the rapid deterioration of the same. 

Nikola Tesla 
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(The following article has been included in conjunction with the previous prepared 
statement by Nikola Tesla - Ed.) 

New 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. 

Dr. 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 11 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 give a demonstration in 11 0nly a little time." 

Guests at Dr. Tesla'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; Dr. 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 referning to Dr. Tesla's report several years ago of 
inventing a "death beam 11 for use as a defense weapon, the Minister said: 

11All 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 heroism displayed in the Great War, humanity 
has found a better way only in peace. 11 

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, Dr. Eduard Benes." 
He also presented a diploma certifying Dr. Tesla's honorary degree as a doctor of 
the University of Prague. 
Outlines His Discoveries 

Dr. Tesla, in responding, said he considered Czechoslovakia "one of the most 
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enlightened countries in the world. 11 

In a ten-page typewritten statement outlining his discoveries, Dr. Tesla gave a 
resume of his work in 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 
whatever to cosmic rays." 

He gave a detailed technical description of his conclusions from research and 
calculation~ 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 
take 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

fecting 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 his "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, is 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 they were. Asked if he had a working model of the appar
atus, he said "it employs more than three dozen of my inventions, it is a complex 
apparatus, an agglomeration of parts." 

"It is absolutely developed," he declared. 11 I 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 miles up." 

A different kind of energy than is commonly employed must be used, however, he 
said, explaining further that "you must realize it travels through a channel of 
less than one-half of one-millionth of a centimeter. 11 

"I 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 "the needlepoint of tremendous energy, .. but astronomers could 
help solve this problem. 

The point of energy could be aimed at the moon and 11 We very easily could see 
the effects, see the splash and the volatilization of matter.•• 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~ 
"My most important invention from a practical point of view," he said, "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 "rewarded with com
plete success and had "produced a tube which it wi 11 be hard to improve further. •• 

"It is of ideal simplicity," he said, "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. 

"I 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. 

11 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." 

"It will cheapen radium so, .. Dr. Tesla added, "that it will be just a cheap -
well, it will get down to $1 a pound, in any quantity." 

Expressing "annoyance" that some newspapers had indicated he would "give 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. 

"But it is not an experiment." he declared. "I have built, demonstrated and 
used it. Only a little time will pass before I can give it to the world." 

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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July 27, 1937 

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. Tes 1 a. 'They mean nothing - take them away, • said Dr. Tes 1 a. 11 

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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Nikola Tesla, electrical scientist, Felix Frankfurter~ of the Harvard Law School~ 
and Giovanni Martinelli~ Metropolitan Opera tenor~ were recipients of awards from 
the National Institute of Immigrant Welfare at the Hotel Biltmore, New York City, 
on May ll~ l938. Due to an illness~ the following letter from Nikola Tesla was 
read at the presentation. A report of the presentation is given in The New York 
Times~ May l2~ l938, p. 26~ col. l. 

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 P~ris, 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: 11 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. 11 You are 
sti 11 a Parisi an, 11 remarked Edison, 11 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 factories 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 also my reputation as engineer and inventor. After that I lived 
through a year of terrible heartaches and bitter tears, my suffering 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. My inventions proved a success and attracted the attention of George West
inghouse. He was, in my opinion, the only man on this globe who could take my 
alternating system ~nder 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 1 'aiguille allumer, 
Puis n'ont garde de s'egarer 
Centre 1 'etoile va la pointe." 

I translate freely: 
"When gloomy darkness hides the sea 
And one no star and moon can see 
They turn on the needle 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 Encyclopedie Francaise. 

This item being of unusual interest I have an English translation: 
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Guyot de Provins~ 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. 

New York Herald 
July 26, 1939 

THE SOVIET SACRIFICE FOR SPAIN 

An Estimate That Republic Received Billion and a Half Dollars 
To the New York Herald Tribune: 

Your issue of July 9, 1939, contains an article relating to the seizure of Spanish 
gold by the Soviet government. Another one, dealing with the same subject, appeared 
in "The Saturday Evening Post" of April 15, 1939. Without entering into a discus
sion of the merits of these comments upon the question raised, I may remark that, 
for obvious reasons, any expression of opinion concerning this matter by Americans 
is 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 it 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 the 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 least $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 all 
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 
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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 11 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 for 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 terrifying 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 
roll 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 fastidious. 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 life. 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 Wdlking 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. 

My 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. I 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 Bogie? 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: 11 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 frequenc~ cuirents 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 furnished 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
taken 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 re?pect 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 Date) 

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 is 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 density of the rays is inversely as the diameter of the vessel. 
3. Due to these features the current consumption is 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. Owing 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 Tesla 
(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 pistdns, 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 is 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
nomical transformation of the energy of fuel can only be achieved in that direction. 
Such being the case, the capability of the machine 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 turbine buckets, 
blades and inherent mechanical deficiencies impose similar restrictions. 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 Tesla 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 performance 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 great 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 commercial 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 250° 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 to these purposes. 
SPECIFIC PERFORMANCE: In this particular it is superior to all other forms. Each 
disk is virtually 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. 

~AFETY AND RELIABILITY OF OPERATION: There is an ever present danger in the running 
of high sp~ed 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 machines 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 ... 

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.: 
11 It is a great invention ... 

Brigadier Allen of the War Department: 
.. Something new in the world. Officers are greatly impressed with it. 11 

Miller Reese Hutchinson, Chief Engineer: 
11 It is the greatest invention of the age. 11 

Arnold Trinyi, Chief Engineer, Oelfeurungs-Gesellschaft, Germany: 
11 The ideal of the turbine engine ... 

B. R. T. Colline (Power Plant Economist): 
11 It is a wonderful turbine ... 

The Motor World: 
11 The new principle unquestionably is a great contribution to science 
and engineering, great in its simplicity and breadth of application ... 

Scientific American: 
11 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: 
11 An entirely new form of prime mover with interesting possibilities ... 

Technical World Magazine: 
11 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: 
11 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 ..... 11 Turbine of revolutionary design 11 

..... Improvement 
in dynamics which promises revolutionary results ..... 11 Results seem 
revolutionary to the point of staggering the imagination ..... 11 This 
motor will revolutionize the turbine industry ..... 11 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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