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INTRODUCT ION

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 Tegitimate 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 1ist 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 1ight
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 field was well recognizea
in this country and abroad in the 1890's and for a few years after 1900. The rea-
sons for his fall into obscurity are numerous, but a major point that seems to be
commonly overlooked is that a struggling inventor, several times on the verge of
financial success, was the victim of economic situations beyond his control. The
business difficulties of George Westinghouse resulted in payment of a minute frac-
tion of the true value of the Tesla 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
i



The Eleetrical 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-
jon through the armature circuit for a small angular displacement, multiplied by
the armature current, or dﬂl

t -

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 will 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. 1 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

*Tnst. Elec. Engineers, Feb., 1888.



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

To the above Mr. Tesla replied on June 2 as follows:

"I find in your issue of last week a note of Mr. Duncan referring to my system
of alternate current motors.

"As I see that Dr. Duncan has not as yet been made acquainted with the real
character of my invention, I cannot consider his article in the light of a ser-
ious criticism, and would think it unnecessary to respond; but desiring to ex-
press my consideration for him and the importance which I attach to his opinion,
I will point out here briefly the characteristic features of my invention, inas-
much as they have a direct bearing on the article above referred to.

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

"If a 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

Fie. 1. Fie. 1a.

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 Teast 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-
vent 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 transformer, 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 instead of
showing their difference.

"Regarding the other class of these motors, designed for constant speed, the
objections of Dr. Duncan are, in a measure applicable to certain constructions, but
it should be considered that such motors are not expected to run without any, or
with a very 1ight 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 Tong 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



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."

Electrical World - N. Y.
May 25, 1889, pp. 297-298.

MR. NIKOLA TESLA ON ALTERNATING CURRENT MOTORS.
To the Editor of The Electrical World:

SIR: About a year ago I had the pleasure of bringing before the American In-
stitute of Electrical Engineers the results of some of my work on alternate cur-
ent motors. They were received with the interest which novel ideas never fail to
excite in scientific circles, and elicited considerable comment. With truly Amer-
ican generosity, for which, on my part, I am ever thankful, a great deal of praise
through the columns of your esteemed paper and other 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 Tikely 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 Tater 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, 1ittle 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 Eleetrical Review of April 26, wherein certain

Reprinted with permission. Reprinted from May 25, 1889, issue of Electrical World.
©) Copyright 1889, McGraw-Hill, Inc. A1l 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 respect1ve1y 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 mindin 48,675 oA 0.856
...... 67,500 T— 59,440 i 0.88
...... 79,100 S 67,365 SR 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 reguliation 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 1is 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-
Tustrated 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. 1In the lat-
ter the current is varied by the motor losing a certain number of revolutions in
proportion to the load, and the regulation would be impossible if the speed would
be maintained constant; here the whole regulation is practically effected during a
fraction of one revolution only. From this it is also apparent that it is a prac-
tical impossibility to throw such a motor out of synchronism, as the whole work
must be done in an instant, it being evident that if the load is not sufficient to
make a motor lose a fraction of the first revolution it will not be able to do so
in the succeeding revolutions. As to the efficiency of these motors, it is per-
fectly practicable to obtain 94 to 95 per cent.

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

The motor tested had a weight of about 5,000 1bs. 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 Electrical 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 1imit 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 differentiai 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



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 abow
statements, must entail a Toss 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 the
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



The Electrical Engineer - N. Y.
Sept. 24, 1890, p. 332

SWINBURNE'S “HEDGEHOG" TRANSFORMER.
BY NIKOLA TESLA.

Some time ago Mr. Swinburne advanced ocertain views
on transformers which have elicited some comment. In
Tne Evecrrical. ExciNger of Sept. 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 wogl, allein mir fehlt der Glaube—
1 hear the message, but I lack belief.”

Many of Mr. 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
complateig out of account, and the loss in copper alone
considered ; hence, the efficiencies of 97 and 98 per cent.
claimed for closed iron circuit forms.” This is a statement
little complimentary to those who have made such esti-
mates, and perhaps Mr. Swinburne would be very much
embarassed to cite names on behalf of his argument. e
assumes the loss in the iron in the closed circuit forms to
be 10 per cent. of the full load, and further *‘that in most
stations the average use of lamps js less than two hours a
day, including all lamps installed,” and arrives at some
interesting figures in 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, T believe,
not reach 6 per cent. of the full load by an intelligent use
of the transformer, and therc is no doubt that further
improvements will be madc in that direction. |

As regards the second part of his assamption, 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 favorably distributed and in many cases the wiring
is such that entire circuits may be shut off at certamn hours
80 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, Mr, Swinburne docs not appre-
ciate fully the disadvantages which tho open circuit form,
operated at the usual period, entails. In order that the loss
in the iron should be reduced to one-tenth, it is neccessary
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 the square of the magneto-motive
force. "The remark of Mr. Swinburne, ¢ If the iron
circuit is opened, the sides of the embracing core can be
removed, so the loss by hysteresis is divided by three,” is

therefore not true; the loss will be divided by 3 x ‘fr“:"? where

F,> 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 correspondingly
smaller. It is probable that, say, four Swinburne trans-
.formers may be joined in such a way as to form a ¢losed
|

magnetic circnit. In this case the amount of iron and cop-
per would remain the same, but an advantage will be
gained as the total magnetic resistance will be diminished,
The four transformers will now demand less excitation and
since—under otherwise equal conditions—the gain depends
on the square of the existing curremt, it is by no means
insignificant, From the above comparison it is evident
that the core of such open circuit transformer should be
very short, by far shorter than it appears from the cut in
Tne ELEcTRICAL ENGINEER.

Mr. Swinburne is in error as to the motives which have
caused the tendency to shorten the magnetic cirenit in closed
circnit transformers. It was principally on account of
practical considerations and not to reduce the magnetic re-
sistance, which has little to do with efficiency. If n ringbe
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 found that it
will give the best result with a certain number of alterna-
tions. If, now, a ring is made of the same quality of iron
but having, say, 20 centimetres mean length and 10 square
centimetres scction it will give again the best.result with
the same number of alternations, and the efticiency will be
the same as before, provided that the ring is wound all over
with the primary and secondary wires. The space inside
of the ring will, in the second case, be increased n propor-
tion to the square of the diameter, and there will be no diffi-
culty in winding on it all the wire required. So thelength
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 wires be wound side by side the ring of smaller
diameter will give a better result, and the same will be
the case if a certain fraction of the ring is not covered by
the wires. It then becomes important to shorten the may-
netic circuit. DBut, since in practice it is nccessary to
cuclose the transformer in a casting, if such a ring be made,
it would have to be protected with a layer of laminated
iron, which would increase the cost and loss, It may be
inclosed in jars of some insulating material, as Dr. Swin-
burne does, but this is less practicable.

Owing to this, the constructors of the most practical
forms, such, for instance, as the Westinghouse transformer,
to which the Swinburne rgasoning applies, have been

rompted to enclose the wires as much as possible with the
aminated iron, and then it became important to shorten
the magnetic circuit, because in this form only a part of
the 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 cheapness and
regulation. Mr. Swinburne states that in his transformer
the loss in iron is under one per cent. of the full load ; all
the balance of loss must, therefore, be in the copper. DBut
since, according to him, the wires are of larger section, his
transformer can hardly be an improvement in that direction,
The gun-metal casting is also objectionable. There 18 no
doubt some loss going on in the same, and hesides 1t

increases the resistance of the wires by a factor L

h’!
where S is the total cross-section of the core and S, the
section of the fron wires. There is one important point
which seems to have escaped Mr. Swinburne’s attention.
Whether the 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
the closed circuit transformer. I believe that 1 was the
first to advocate an open circuit form, but to improve
its efficiency I had to use a much higher period ; at usual
periods the closed circuit form is preferable.

Mr. Swinburne makes some other obscure statements
upon which I need not dwell, as they have no bearing o
the main question.
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CORRESPONDENCE.

PITTSBURGH.

An Electric Proeess for Making * Wrought' Iron—Regulating the
" Wirea. ) ’ ] .

. A Process of making wrought fron from pig metal without
puddling is’one-of the’ discoveries made by. gr. Emmens, of
Greensburg, near this city. . The doctor accomplishes his object
with the aid of electricity.
chemical solution and a number of thin sheet iron plates. Then,
the pig iron is also placed in.the vat, after which the pigiron
and the sheet iron are connected with a dynamo, The current
generated by thie dynamo is said to have the effect of causing tho
E-ure iron to be separated from the impurities in the pig iron and

orm a deposit on the sheet iron 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
horse shoe nail of this iron, fasten the head in a vice and twist it
into an almost perfect screw without breaking. _

An ordinance providing for the regulation of electric wires
in the streets will be acted upon 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 railway wires on |

the same street, the former wires must be a sufficient distance
above the others 80 as not to interfere. Underground wires,
cables, tubes, conduits and subways shall be placed at least two
feat under the ground and as near the streat curb as practicable.

PirTssuRrcH, Seph 18, 1500

ST. LOUIS.

Electric Rallway ‘Nan—-nal-lgnntlonl and Appointments.—The Tar-
ner Unleyecle Road.

DoriNG 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 dynnmnos 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 Avenue Street Railway will be operated as a
rt of the Lindell Railway. * The construction of this road is
ing pushed to com(fletion with the same thoroughness as the

main line of the Lindell, the intention being to have itin o

tion by October 1 s0 as.to accommodatle 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 givesthe 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 has accepted the posi-
tion of engineérof the Lindell Railway Company, and will have
complete charge of everything 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 $200,000, with the following officers: President, L. A, Brown;
vice-presidents, John H. French and J. W. Tremayne; treasurer,
W. A. Adams; secretary, Chas. H. Wengler; directors, Chas, H.
Gleason, Chas. H. Blake and David Strawbridge.. The Unicycle
railway is the invention of E. M. Turner, of Texas, and is an ele-
vated electric railway having only one rail. A motor car pro-
pelled by a one h. p.” Sprague electric motor is now in operation
at the exposition. o

The McKee street railway syndicate have closed a contract
with the Short Electric Railway Company for 1,000 motors. This
syndicate has beén formed lately for the purpose of purchasing,
constructing and operating electric railways, and this order is
given so a8 to have the motors ready for use as fast as théy may
be required. . :

Mr. C. L. Ahbott has resigned his position as superintendent of
the Short'Electric 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 brought against Mr. Matlack by the board,
the change being made merely to cluiet a general dissatisfaction
whinh haa aviated ginea Mr. Matlack’s annointment aver a vear
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He takes a vat which is filled with a’
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LETTERS TO THE EDITOR.

Notlce to Correspondents.

We do not hold ourselves responsible for the opinions of our correspondents.

Anonymous communicalions mno{ be noliced. o

The Editor respecifully requests that all communicalions may be drgwn up as drigfly
and as much lo the point as possible.

In order to facilitate reference, correspondents, when referring to any letler previ-
ously inserted will oblige by menlioning the serial number of such lstier, and oy
the page on which il appears.

Sketches and drawings for tlustrations shouwld be on rale pleces of paper.

Al eommunications should be addressed Eprror or Tineg ErLecTnioan ENaiNgen,
150 Broadway, New York city.

TESLA'S NEW ALTERNATING MOTORS,

[139.{"—1 hope you will allow me the privilege to say in the col-
umns of your esteemed journal a few words in regard to an article
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, 1800,

The writer begins by stating: ‘‘The motor depends on a shift-

‘ing of the é)oles under certain conditions, a principle which has
. been already*

employed by Mr. A, Wright in his alternating cur-
rent meter.” This is no surprise to me. It would rather have
surprised mo to learn that Mr. Wright has not yef employed the
principle in his meter, considering what, before its appearance,
was known of my work on motors, and more particularly of that
of Schallenberger on meters. It has cost me years of thought to
arrive at certain results, by many believed to be unattainable, for
which there are now nuinerous cﬂ:imanta; and tho nuinberof these
iiil rapidly increasing, like that of the colonels in the South after
the war, .

The 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 arrived at this, and sim-
ilar theories, that I had almost forgotten it. He then says: * Mr,
Tesla has worked out some more or less complicated motors on
this principle, but the curious point isthat he has comﬁletely mig-
unders the theory of the E enomena, 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. Ilike nothing better
than just criticism of my work, even if it be severe, but when the
critic assunies a certain “ I'état c’est moi” air of unquestioned
competency I want him to know what he is writing dbout. How
little the writer in Industries seems to know about the matter is
painfully apparent when he connects the phenomenon in Wright's
meter with the subject he has under consideration. His further
remark, ‘ He (Mr. Tesla) winds his secondary of iron instead of
copper and thinks the eflect is produced magnetically,” is illustra-
tive of the care with which he has perused the description of
the devices contained in the issue of THE ELECTRIOAL ENGINEER
above referred to,

- I take a motor having, say eight poles, and wrap the oxciting
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 sect
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. As the curront
rises in the coils more lines are set up, which crowd more and
more in the fine 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 wire, as will be seen, is two-fold,
First, it retards the energizing current; and second, it delays the
appearance of the free poles. To producea 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, the
iron wiro is preferably wound or connected differentially, after
the fashion of the resistance coils in & bridge, so as to have no ap-
preciable self-induction. In other cases I obtain the desired re-
tardation in the appearancoe 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 lines sat
up, but becomes saturated when the current in the exciting coils
reaches a predetermined strength.

In the transformer .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 tmmary conductor i
g0 small that the iron enclosure can carry all the lines of force sel
up by the current, there i3 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 loses 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 "
WUTith nartain ahiante in viawr—tha annmaeration nf whicrh wanld
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lead me too far—an arrangement was shown in THE ELECTRICAL
ExcINEER, about which the writer in Industries says: ** A ring of
Jaminated 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 1s unthinkable.”, This remindg me of the man who
had committed some offense and engaged the services of an attor-
ney. *“*They cannot tommit you to prison for that,” said the
attorney. ' Finally the man was imprisoned. Ide sent for the at-
tornelr. ‘¢ 8ir,” said the latter, “1 tell you they cannot imprison
you for that.”

imprisoned me,” It may not screen, in the opinion of the writer
in Industries, but just the same it does. According to tho arrange-

“But, sir,” retorted the prisoner, * they have

THE ELECTRICAL ENGINEER.

ment the principal effect of the screen may be either a retarda-

tion of the action of the primary current upon the secondary cir-
cuit or a deformation of the sqcondm? current wave with similar
results for the pur intended. In the arrangement referred
to by the writer in fndustries he seems to be certain that the iron
layer acts like a choking coil; there again he i3 mistaken; it does
not act like a choking coil, for.then its capacity for maintaining
constant current would be very limited. Eut 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 Indusiries. In regard to the magnetic time
lag the writer says: **If a bar of iron has a coil at one end, 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. Itis 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 t?:e number of the alternations
pointed out; he fails to see the stress laid on the saturation of the
. 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. 1 alsosee 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 eclucidation 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
follawing withering remarks: * It is questionable whether the
Tesla motor will ever be a success. Such motors will go round,
of course, and will give outputs, but their efficiency is doubtful;
and if they need three-wire circuits and special generators there

- i8 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
invention, however good and original, in this period of feverish
activity, when every day may bring new and unforseen develop-
ments. At the pace we are progressing the permanence of all our
apparatus it its present forms becomes more and more problem-
atinal. 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 am antiquated 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 places, A case
frequently occurring in practice and attracting mor¢ and more
the attention of engineers is the transnlission of large powers at
considerable distances. In such a ease 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-

pance 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 other 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 i3 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 re(‘:;lulating 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
ordinary single-circuit alternate current motor the disadvantage
is that the motor has no starting torque and that, for

i ) ual weight,
its output and efficiency are more or less low that
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of a direct current motor. If, on the contrary, the arma-
ture of any alternator or direct current machine—large, low-
speed, two-pole machines will give the best results—is wound
with two circuits, a motor is at onceobtained which possesses suf-
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 the load, and its plant efficiency 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
the 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 involves in the construction
and operation of the generators and motors being eliminated from
the system. Such a system will, of course, require three leads,
but since the plant etficiency is practically equal to that of the
direct current system, it will require the same amount of copper
which would be required in the latter system, and the disadvan-
tage of the third ?ea.cl will be comparatively small, if any, for
three leads of smaller size ma{vrerhaps be more convenient to
place than two larger leads. 1en more machines have to be
used there may be no disadvantage whatever connected with the
third wire ; however, since the simplicity of the generators and
motors allows the use of higher electromotive forces, the cost of
the leads may be reduced below the figure practicable with the
direct current system.

Considering all the practical advantages offered by such an al-
ternating system, I am of an opinion quite contrary to that of the
author of the article in Industries, and think that it can fuite
successfully stand the competition of any direct current system,
and this the more, the 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 the
apparatus are the principal objects. 1 believe that in many

laces of this kind my motor has so far proved a perfect success.

n such cases a type of motor is used possessing great sturting
torque, requiring for its operation only alternating current and
having no sliding contacts whatever on the armature, this advan-
tnge over other types of motors being highly wvalued in such
places. The F!ant efticiency of this form of motor is, in the present
state of perfection, inferior to that of the former form, butI am
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 is no
drawback, sinco the electromotive force may be raised as high 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
forces we are surely coming, and if they must be used, then the
fittest apparatus will be employed. I believe that in the trans-
mission of power with such commutatorless machines, 10,000 volts,
and even more, may be used, and I ‘'would be glad to see Mr., Fer.
ranti’s enterprisesucceed. His work is in the right direction, and,
;.E iny opinion, it will be of great value for the advancement of

e 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 three-wire motor system
should not be successful, In putting up such a station, the 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 future, 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 would beincreased by using, in connection with
the ordinary type of my motor, other types which act more like
inert resistances. The plantefliciency 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 difler-
ent self-induction, according to the load. :

The supply of power from lighting mains is, I believe, in the
opinion of most enginecrs, limited to comparatively small powers,
for obvious reasons. As the present systems are built on the two-
wire plan, an efficient two-wire motor without commutator is
required for this purpose, and also for traction purposes. Alarge
number of these motors, embodying new princigles. have been
devised by me and are being constantly perfected. On lighting

- stations, however, my three-wire system may bo advantageously

carried out. A third wire may be run for motors and the old con-
nections left undisturbed. The armatures of the generators may
be rewound, whereby the output of the machines will be increased
about 35 per cent., or even more in machines with cast iron field
magnets. Ifthe machines are worked at the same capacity, this
means an increased efficiency. If power isavailable at thestation,
the gain in current may be used in motors. Thos2 who object to
the third wire, may remember that the old two-wire direct system
is almost entirely superseded by the three-wire system, yet my
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three-wire systern offers to tho alternating system relatively

greater advantages, than the three-wire direct possesses over the

two-wire. Perhaps, if the writer in Indusiries would have taken

all this in consideration, he would have been less hasty in his

conclusions. NIKOLA TESLA.
New Yonrx, Bept. 17, 1820,

REPORTS OF COMPANIES.

WESTINGHOUSE AND PULLMAN INTERESTS.

With regard to various reports current on the subject, it now
transpires that arrangements have been made hetween George
Westinghouse, Jr., of Pittsburgh, and George M. Pullman, of
Chicago, by which the Westinghouse Electric Mfg. Company will
erect works conveniently close to the Pullman Palace Car Works,
at Pullman, Ill., and the agreement reached, itis understood, is
that the Pullinan company will purchase all of their electrio
railway motors from the Westinghouse concern, The works to be
crected are to cost between $100,000 and $500,000, and Mr. West-
inghouse says 2000 men will be employed at the new shops.
Work on the structures will probably begin next spring. That the
immense works of Pullman’s Palace Car Company and the big
plant of the Weatithouae Company, at Pittsburgh, are to be
consolidated both Messrs. Pullman and Westinghouse deny. Mr.
Westinghouse further says that the erection of works at Pullman.
does ot mean that the Pittsburgh Lusiness 6f the company is to
be removed to Chicago. It will be merely an extension of their
business. The works at Newark, N. J., Pittsburgh, New York
City, etec., will also be continued as before.

DIVIDENDS.

Tue Epison GENERAL ELECTRIC Co. has declared its fourth
yuarterly dividend of 3 per cent.

STOCKS AND BONDS,

RovaL EvecTrIC Co.—Application will be made to the Legis-
lature of the Provinco of Quebec to change the value of the
plm{lu of the Royal Electric Co. from ten to one hundred dollars
cach.

FINANCIAL MARKET.

QUOTATIONS ON ELECTRICAL STOCKS.

Mr. F. Z, Maguire, Elcctrical Securities of 18 Wall street, this

vity, reports the following quotations of September 19th f
New York, Boston and Wgshzngton — ’ -

NEW YORK.

nip. DiD,
W. U, Tek C0uunresenrsnnns " 781l |Edison Gen, Elec. Co.. ... |
American Tele. & Cable... m’ m:uuﬁ f;::\'. cofcbg?d .....
Ceatl, & 50, AMIEE.sen.\nn. 15 Conxodd Klee, Lt. Co

Mexican..... ..,.. 1% ipad s

2
Falison Hin'g Co. N. Y... b

. 2 lison e Wnne
Com. Cable Co. ....... ¥ 35
50
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064 U. 8. Elec. Lt. Co... ... ...
Postal Tel. Cable... ....... W North Am. l’ho&gﬂph
BOSTON,

=
=
o

"l'l.mmnun_‘_l.lmlston.-.‘...... 51y Ft. Waywe Co....... . 11}
. Prefd. ...| - 25§ Am, Bell......oovunnnnnnnn. =54
e Berich L..... 18 Erme............ 48}
ks * D..... 6 New England 514
* . Int.Co..... sess MERERCRNE s oo vnesvaiiin s cvcnns 0 cta
Thom=cn “eldl_nr [ R B Trop. American........... -
Tuoson Eu. Welding..,.. v Edison Yhon'gph Doll..... 2
WASHINGTON.
BID. BID,
Peuna, Telephone......... 2 U. 8. Flec. ¥ .
Ches. & Pot. Telephone...... 7l Eck. .:“soliﬁ.{ flﬁ?ﬁé i
Amer Graphophone,...... 16} AL, M o csiniigimioinns (1]
PITTSBURGH.
; BID.

Westinghouse Electric and Manufacturing Co....,.... ..cocvaneees | g

[Sept. 24, 1890.
LEGAL NOTES.

BRUSH ELECTRIC CO, VS. SPRAGUE ELEC. R'Y & MOTOR CO.

The Brush Electric Co. has brought an action in the U. 8. 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 ;fround of infringement. The com-
plainants set forth in their 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, Mr, Brush assigned all his right, title and interest in
said machines to complainants in this. action, such assignment
being duly recorded in the U, 8. patent office.

The suit in question is based on the patent issued to Charles F.
Brush, No. ,052, dated July 4th, 1882, entitled 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 high potountial of self-induction created by fluctuations
in the exciting current. The device is no longer used on the
street car motors of the defendauts, who now claim that its em-
ployment makes the magnets sluggish and causes burning out of
} he armature by retarding the generation of counter-electromotive

orce in it. ;

A PRIZE SCHEME OF LIGHTING.

Mr. F. 11, Whip{;l‘:‘ has been awarded a prize of $100 at Daven-
port, la., for the t plan of lighting that city. Mr. Whipple,
with pative modesty, writes us from_ St. Louis that there was
nothing special about the plans. Owing to the many hills and
hollows in the town, it was difficult to light it économically.
‘‘ 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 Comipany was
to re-establish the identity of each of the maze of wires running
into the premises. Experienced electricians being 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’ Lumiére Electrique,
a very instructive historic incident which occurred during tho
Commune. When the Republican Government quitted ’aris, the
operators at the centrul office in the Rue Grenelle managed to
mix up all the wires before leaving, The Communists were so
ignorant of everything connected with talegraghy. Ahat it was
beyond their powers to unravel the wires; and during the whole
time that they were in ion of the building. namely, from
the end of March to the end of May, they were only -able to use
the military lines. M. Fabre de Lagrange, who was forced to
accept the appointment of chief electrician to the Commune,
took good care to keep the wired in confusion; and among other
services to the State, he sent misleading telegrams, and thus
saved many public and private buildings which the rebels wished
to blow up by using an explosive mixture of air and coal-gas.
These facts were clearly authenticated by the court-martial which
tried M. Lagrange, and he was honorably aquitted.

THE TROUVE ELECTRIC ERYGMATOSCOPE.

At a recent meeting of the Académie des Sciences, M. G,
Trouvé described an electrical appliance devised by him to facili-
tate the inspection of the geolo%icnl strata pierced by the boring
tool. The apparatus consists of a powerful incandescent lamp
enclosed in a cylinder. One of the hemicylindrical surfaces of
this cylinder constitutes the reflector; whilst the other, which is
of thick glass, allows the lumirfous rays to pass through it, and
light up-the 8iccossive strata through which the lamp 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 glassea 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 ia suspended from a cable formed by the two conduct.
inﬁ 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 and lowered without difficulty and 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 to tho Mozam-
bique coast hy the Portuguese government, to search for coal
be%.n and other mineral deposits, has beeg supplied with eryg:
mjatoscopes, -




EXPERIMENTS WITH ALTERNATING CURRENTS.
OF HIGH FREQUENCY.

BY

. ’
. - . 5

In Tug EvecrricaL ENGINEER issue of 11th inst., I find
a note of Prof. Elihn Thomson relating to some of my ex-
periments with alternating currents of very high frequenoy.

Praof; Thomeon calls the attention of your readers to the
interesting fact that.he has performed some experiments in
the same line. I was not quite unprepared to hear this, as
a letter from him has appeared in the Klectrician a few
months ago, in"which he.mentions a small alternate current
machine which was capable of giving, I believe, 5,000 al.
ternations per second, from which letter it likewise appears
that his investigations on that subject are of a mare recent
date.

Prof. Thomson describes an experiment with a bulb en-
closing a.carbon filament which was brought to incandes-
cence by the bombardment of the molecules of the residual
gas when 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 performjed by many experimenters, the only
distinctive feature in Prof. Thomson’s experiment being
the comparatively nigh rate of alternation. These experi-
ments can also be performed with a steady difference of
potential between the water and the carbon strip in which
case, of course, conduction through the glass takes place,
the difference of potential required being in proportion to
the thickness of the glass,. With 5,000 alternations per
second, conduction still 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 conduction, but it is an undeniable fact that the glass
may also be heated merely by the molecular displacement.
The interesting feature in my experiments was that a lamp
would light up when broight near to an induction coil,
and that it could be held in the band and the filament
brought to ipcandescence.

Experiments of the kind described I have followed up
for a long time with some practical objects in view, In
connection with the experiment described by Prof. Thom-
gon, it may be of interést to mention a very pretty phe-
nomenon which may be observed with an incandescent
lamp If a lamp be immersed in water as far as practica-
ble and the filament and the vessel connected to the termi-
nals of an induction coil operated from a machine such as
I bave used in my experiments, one may see the dull red
filament svrrounded by a very luminous globe around
which there is a less luminous space. The effect is prob-
ably due to reflection, as.the globe is sharply defined, but
may also be dae to a “dark space;” at any rate it is so
pretty that it must be seen to be appreciated.

Prof, ‘I’homson has misunderstood my statement about
the limit of audition. I was perfectly well aware of the
fact that opinions differ widely on this point. Nor was I
surprised,to find that arcs of about 10,000 impulses per sec-
ond,emit a sound. My statement ‘¢ the curious pointis,” ete.
was only made in deference to an opinion expressed by Sir
William Thomson. There was absolutely no stress laid on
the precise number. The popular belief was that some-
thing Jike 10,040 to 20,000 per second, or 20,000 to 40,000,
at.the utmost was the limit. For my argument this was
immaterial. I contended thatsounds of an incomparably
greater number, that is, many times even the highest num-
ber, could-be heard if they could be produced with suffi-
cient.power, My statement was only speculative, but I
have devised means which I think may allow me to..learn
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something definite on that point. -I have nat tha least-
doubt that it is simply a question of power, A very short
arc may be silent with 10,000 per second, but just as soon
as it is lengthened it begins to emit a sound. The vibrations
are the same in number, but more powerful.

Prof. Thomson states that I am- taking as the limit of
¢ audition sounds from 5,000 to 10,000 complete waves per
second.” There is nothing in my statements from which
the above could be inferred, but Prof. Thomson has per-
hapse not thought that there are two sound vibrations for
each complete current wave, the former being independent
of the direction of the carrent.

I am glad to learn that Prof. Thomson agrees with me as
to the canses of the persistence of the arc. Theoretical
considerations considerable time since have led me to the
belief that arcs produced by currents of such high fre-

uency would possess this and other desirable features,
%ne of my objects in this direction has been to produce a
With these. currents, for many
reagons, much smaller ares are practicable. -

The interpretation by Prof.. Thomson of my statcments
about the arc system leads me now, he will pardon me for
saying 8o, to believe that what is most essential to the ruc-
cess of an arc system is a good management. Neverthe-
less I feel confident of the correctness of the views ex-
pressed. The conditions in practice are so manifold That
1t is impossible for any type of machine to prove bestin all
the different conditions. _

In one case, where the circuit is many miles long, it is
desirable to employ the most efticient machine with 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 is de-
signed to supply incandescent lamps in series. When arc
lights are operated and the resistance is small, the lamps
are unsteady, unless a type of lamp is employed in which
the carbons are separated by a mechanism which has no
further influence upon the feed, the feeding being effected
by an independent mechanism ; but even in this case the
resistance must be counsiderably greater to allow a quiet
working of the lamps. Now, if the machine be suchas to
yield a steady current, there is no way of attaining the de-
sired result except by putting the required resistance rome-
where cither inside or outside of the machine. The latter
is hardly practicavle, for the customer may stand a bot
macbine, but he looks with suspicion upon a hot resistance
box. . A good autumatic regulator of course improves the
machine and allows us to reduce the internal resiatance to
gome extent, but not as far as would be desirable. Now,
since resistance is loss, we can advantageously replace re-
sistance in the machine by an equivalent impadence. But
to produce a great impedence with small ohmic resistance,
it is necessary to have self-induction and variation of ‘cur-
rent,and the greater theself-induction and the rate of change
of the current, the greater the impedence may be made,
while the ohmic resistance may be very small. It may
also be remarked that the impedence of the circuit ex-
ternal to the machine is likewise increased. As re%ards
the increase in ohmic resistance in consequence of the
variation of the current, the samé ig, in the commercial
machines now in use, very small. Clearlg then a great ad-
vantage is gained by providing self induction in the ma-
chine circuit and undulating the current, for it is possible
to replace a machine which has a resistance of, say, 16 ohms
by one which has no more than 2 or 3 ohms, and the lights
will work even steadier. It seems to me therefore, that my
saying that self-induction is essential to the commercial
success of an arc system is justiied. 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, asin this case 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 stated, but [ think that it is smaller
in the Brush machine, judging from its construction.

As regards the-better working of clatch Jamps with
undulating currents, there is, according to my experience,
not the Faanl. doubt about it. I have proved it on a
variety of Jampa to the complete satisfaction not only of
my_sel{,‘bm. of many othiers. To sce the improvement in
the feed die to the jar of the clatch at its best it is desir-
able to employ a lamp in which an independent clutch
mechanism effects. the feed, and the release of the rod is
independent of the up and down movement. In such a
lamp the clutch has a small inertia and is very sensitive to
vibration, whereas, if the feed is effected by the up and
down movement of the lever carrying the rod, the inertia
of the gystem is so great that it is not affected as much b
vibration, especially if, as in n;anry cases; a dash pot is
employed. uring the year 1885 1 perfected such a lamp
which was calenlated to be operated with undulating cur.
rents, . With about 1,600 to 1,800 current impulses per
minute the feed of this lamp is such that absolutely no
movement of the rod can be observed, even if the are 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 lamps, among them being a derived circuit lamp such
as Prof. Thomson refers to. I conceived the idea of such
alamp early in 1884, and when my first company was
started, this was the first lamp I perfected. It was not
until the lamp was ready for manufacture that, on receiv-
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 P’rof. Thomson had
anticipated me and had obtained many patents on this
principle, which, of course, greatly disappointed and
embarrassed me at that time. I observed the improvement
of the feed with undulating currents on that lamp, bat I
recognized the advantage of providing a light and inde-
pendent clutch unhampered in its movements. Circum-
stances did not allow me to carry vnt at that time some
designs of machines I had in mind, and with the existing
macﬁines 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. K

Itp would be interesting to learn the opinion of Mr,
Charles F. Brush on these points.

Prof. Thomson 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. Thomson does not mean to say thatsclf-
induction wiped out the periodical fluctuations of the cur-
rent. For this, just the opposite quality, namely, capacity, is
required. The self-induction of the coils in this case
simply augmented the impedence 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 elsewhere are too loose.

Prof. Thomson further states that in a lamp in 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 conmsequence of the variations in the current
strength, are such as to dampen the fluctuation. Never-
theless, the periodical fluctuations are transmitted t.hrough
the dertved circuit, as one may convince 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 Thomeson, in which he advanced his views on the

ropagation of the alternate currents through conductors,
1t inltantlI‘v occurred to me that currents of ‘high frequen-
sias wanld ha laga ininrions. I have been looking for a

8T

proof that the mode of distribution through the body is
the cause of the smaller physiological effects. At times I
have thought to have been able to locate the pain in the
outer portions of the body, but it is very uncertain. It is
most certain, however, that the feeling with currents of
veri high frequencies is somewhat different from that
with low frequencies. I have also noted the enormous
importance of one being prepared for the shock or not. If
one is prepared, the effect upon the nerves is not nearly
as great as when unprepared. With alternations as high
a8 10,000 per second and upwards, one feels bat little pain
in the central portion of the body. A remarkable feature
of such cuarrents of high tension is that one receives a
burn instantly he touches the wire, but beyond that the
pain is hardly noticeable.

But since the potential difference across the body by a
gi\ren current through it'is very small, the effects can not

¢ 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 condenser
action,

In regard to the suggestion of Dr. Tatum, which Prof.
Thomson mentions in, another article in the same issue, I
would state that I have construgted machines up to 480
poles, from 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. Thomson of
my work, but I must confess that in his conclusion he
makes a most astounding statement as to the motives of
bis critical remarks. I have never for a moment thought
that his remarks would be dictated by anything but
friendly motives.  Often we are forced in daily life to
represent opposing interests or opinions, but suarely in
the higher aims the feclings of friendship and mutual
consideration should not be affected by such things as these.

WRIGHT AND WILSON'S INDUCTION PREVENTER
FOR TELEPHONES.

Tae accompanying illustration represents a device for
which the inventors, Messrs, Thomas F. Wright and Ed.
G. Wilson, of Chicago, claim prevents the disturbing

WRIGHT AND WILSON'S INDUCTION PREVENTER.

effects of induction. The device is intended for attach
ment to the ordinary receivers now in use, and consists o
a casing of sheet metal, having the external appearance o
a small cup which fits snugly within the concavity in th
end of the recciver, 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 are provided with centn
perforations ¢'n, between which a passage is formed b
the insertion of a tube & composed of a coil of small ste
wire.  Surrounding this tube, but enclosed ‘within th
casing, is a spool r, grooved externally, as shown, an
wound with a coil of fine copper wire, one end of whichi
driven into the spool, while the free end terminates immi
diately in front of, but out of contact with, the diaphrag
of the telephone-receiver.

This_induction-preventing: device is-attached to ther
ceiver by the spring hook attached to the casing whit
engages the usual flange upon the end of the receiver.
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ALTERNATE CURRENT MOTORS

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

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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CORRESPONDENCE.

Electro-motors.

Fifteen or sixtcen years ago, when [ wus pursuing my
course at the college, I was told by sn eminent physicist that
a motor could not he operated without the nse of brushes and
commutators, or mechanicul meuns of smne kind for com-
mutating the current. It was then I determined to solve the
problem, . .

After years of persistent thought I finally arrived st a
solution. I worked out the theory to the last detail, and
confirmed all of my theorctical conclusions by cxperiments.

Recognising the value of the invention, I applicd mysclf to
the work of perfecting it, and after long continued labour I
produced scveral types of practical motors,

Now all this I did long hefore anything whatever trans-
pired in the whole scientifio literature—as far as it could bLe
ascertained—which would have even pointed at the possi-
bility of obtaining such a result, hut quite contrary at a time
when scientific and practical men alike considered this result
unattainable. In all civilised countries patents have been
obtained almost without a single reference to anything
which would have in the least degree rendered questionable
the novelty of the invention. The first published essay—
an account of some laboratory experiments by Prof. Ferruris
—was published in Italy six or seven months after the date
of filing of my applications for the foundation patents. The
date of filing of my patents is thus the first public record of
the invention. Yet in your issue of March 6th I read the

assage : “ For several ycars past, from the daws of Prof.

crraris’s investizations, which were followed by those of
Tesla, Zipernowsky and a host of imitators,” &c. '

No one can say that I have not heen free in acknow-
ledging the merit of Prof. Ferraris,and 1 hope that my
statement of facts will not be misinterpreted. Even if
-Prof. Ferraris's cssay would have anticipated the date of
. filing of my application, yet, in the gyiuion of all fair-

minded men, I would have been entitled to the credit of
having been the first to produce a practical moter ; for Prof.
Ferraris himself denies in his egsay the value of the inven-
tion for the transmission of power, and only points out the
possibility of using a properly-constructed generator, which
18 the only way of obtaining the required diifercnce of phase
withont losses; for even with coandenscrs—by means of
which it is possible to obtain a quarter phase—there are con-
sidcrable losses, the cost of the condensers not considered.

Thus, in the most essentiul features of the system—tlie
generators with the two or three circuits of differing phase,
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

T0.

As regards the most practicable form of two-wire motor,
namecly, onc with a single energising circuit and induced
circuits, of which there are now thousands in use, I likewise
stand alone,

Most of these facts, if not all, are perfectly well known in
England ; yet, according to some papers, one of the leading
English clectricians docs not hesitate to say that [ have
worked in the direction indicated by Prof, Ferraris, and in
your issue above referred to it scems I am called an
umitator,

Now, I ask you where is that world-known English fair-
ness 7 I am o pioneer, and I am called an imitator. I am
not an imitator. I produce original work or none at all.

Nikola Tesla.
New York, March 17th, 1891,
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Letters to the Editor.

i v

PHENOMENA OF CURRENTS OF HIGH FREQUENCY,

I cannot pass without comment the note of Prof. Thomson
in your issue 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 me necessary.

I did not mean to imply that, whatever work I’rof. Thomson
has done in alternating currents of very high frequency, he had
done subsequent to his letter published in the Electrician, I
thonght it possible, and even probable, that he had made his ex-
periments some time before, and. my statement in regard to this
was meant in this general way. It is more than probable
that yuite a number of experimenters have built such machines
and observed efTects eimilar to those described by Prof, Thomson.
It is doubtful, however, whether, in the absence of any publi-
cation on this subject, the luminous phenomenu described by me
have hueen observed by others, the more so, as very fow would be
likely to go to the trouble I did, and I would myself not have
done so had I not had beforehand the firm conviction, gained
from the study of the works of the most advanced thinkers, that
T would obtain the results sought for. Now, that I have indicated
the direction, many will probably follow, and for this very pur-
pose I have shown some of the results I have reached.

Prof. Thomson states decisivelﬁ in regard to experiments with
the incandescent lamp bulb and the filament mounted on a single
wire, that he cannot agree with me atall 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 jar and rays that ‘‘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 onl
necessary that the rate at which the charges can equalize throug
the glass by conduction should be somewhat hao“r the rate at
which they are stored.

Prof, Thomson seems to think that conduction through the
glass is an impossibility. Has he then never measured insulation
resistance, and has he then not measured it by means of a con-
duction current? Does he think that there iz such a thing as a
perfect non-conductor among the bodies we are able to perceive ?
Does he not think that as regards conductivity there can be
question only of degree? If glass were a perfect non-conductor,
how could we account for the leakage of a glass condenser when
subjected 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 ether, and that all other bodies, the existence
of which is known to us, must be conductors, judging from their

“phyxical properties,

My statement that conduction is concerned to some, although
perhaps negligible, extent in the experiment above described was,
however, made not nnl{ on account of the fact that all bodies
conduct more or less, but principaliy 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
enorwmously with the increase in temperature, so much so, that
melted gluss is comparatively an excellent conductor. I have,
moreover, stated in my first reply to Prof. Thomson in your issue
of March 18, that the same experiment can be performed b
means of an unvarying difference of potential. In this case it
must be assumed that some such process as conduction through
the glass takes place, and all the more as it is possible to show by
experitnent, that with a sufticiently high steady difference of
potential, cnough current can be passed through the glass of a
condenser with mercury mtinﬁrto light up a Geissler tube joined
inseries with the condenser. hen the potential is alternating,
the condenser action comes in and conduction becomes insignifi-
cant, and ,the more so, the greater the rate of aiternation or
change per unit of time. Nevertheless, in my opinion, conduc-
tion st always exist, especially if the glass is hot, though it
may be negligible with very high frequencies,

Prof. Thomson states, further, that from his point of view I
have misunderstood his statement about the limit of audition.
He says that 10,000 to 20,000 alternations correspond to 5,000 to
10,000 :omplete waves of sound. In my first reply to Prof.
Thomson's remarks (in your issue of March 18,) T avoided
pointing out directly that Prof. Thomson was mistaken, but now [
see no way out of it. Prof. Thomson will pardon me if I call his
attention to the fact he seems to disregard, namely, that 10,000
1o 20,000 alternalions of current in an arc—which was the subject
under discussion—do not mean 5,000 to 10,000, but 10,000 to
2,000 complete waves of sound.

He wiys that I have adopled or suggested as the limit of auditinn
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10,000 waves per second, but I have neither adopted nor suggested
it. Prof. Thgmuon states that I have been working wuﬁ.ooo to
10,000 complete waves, while I have nowhere made any such
statement. He snye that this would be working below the limit
of audition, and cites as an argument that at the Central High
School, in Philadelphia, he bas .heard 20,000 waves per sscond ;
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
six 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 longth
for the voltage a.mfo moving in a dense magnetic field.” Exteriorly
to the coils and to the field he had placed in the cirouit of each
coil an impedance coil which - consisted of an iron core wound
with a considerable length of wire and connected directly in
circuit with tho armature coil. He thus obtained, he thought,
““the property of considerable self-induction along with efficient
current generation.” Prof. Thomson says he expected ** that pos.
sibly the effects would be very much the éame as those obtainable
from the regularly constructed apparatus.” But he was disap-
pointed, be 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. M. F., instead of
doing just the opposite, let alone the loss in the iron cores. But
it is, of course, only fair to remember that this experiment was
performed five or six years ago, when even the foremost electri=
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 self-induction does
not produce any such effect, but, if anything, it renders the un-
dulation more pronounced. This i3 self-evident. Let us inserta
self-induction coil in a circuit traversed :‘{ an undulating current
and see what happens. During the period of the greatest rate of
change, when the current has a small value, the self-induction
opposes more than during the time of the small rate of change
when the current is at, or near, its maximum value. The conse-

uence is, that with the same frequency the maximum value of
the current becomes the greater, the ater the self-induction.
As the sound in a tele:jphone depends only on the maximum value,
it is clear that self-induction is the very thing required in a tele-
phone circuit, The larger the self-induction, the louder and
clearer the speech, provided the same current is passed through
the circuit. I have had ample opportunity to study this subject
during my telephone 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 more %:;onounced. Obviously, when comparisons are
made they must be made with the same current.

Inanarc 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 the
mechanism be the same whether a self-induction’ coil be present
or not, the undulations could not possibly be wiped out. But
Prof. Thomson seems, likewise, to forget that the effect is wholly
due to the defect of the commutator ; namely, the induced cur-
rent of the break, which is of the same direction with the main
current and of great intensity, when large self-induction is pres-
ent, sitnply bridges the ad jacent commutator segments, or, if not
entirely 8o, at least shortens tho interval during which the circuit
is open and thus reduces the undulation.

n 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 must improve the feed.-
ing of aclock-work lamp. He says that I ““contented myself by
simply saying.” that I cannot agree with him on that point.

Now, saging it, is not the only t.hirng:l I did. I have passed
many a night watching a lamp feed, and I leave it to any skilled
experimenter to investigate whether my statements are correct.
My opinion is, that a clock-work lamp; that is, a lamp in which
the descent of the carbon is regulated not by a clutch or friction
mechanism, but by an escapement,. cannot- feed .any more
perfectly than tooth by tooth, which. may be a movement of, say,
Such a lamp will feed in nearly the same
manner whether the current be perfectly smooth or undulating,
providing the conditions of the circuit are otherwise stable. If
there is any advantage, I think it would be in the use of asmooth
current, for, with an undulating current, the lamp is likely to
miss some time and feed by more than one tooth. Butin a lamp
in which the descent of the carbon is regulated by friction
mechanism, an indulating current of the proper numben of undu-
Jations per second will always give a hetter result, . Of course, ta
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realize fully the benefits of the undulating current the releaso
ought to be effected independently of the up-and-down movement
I have pointed out before.

In regard tothe physiological effects, Prof. Thomson says, that
in such a comparatively poor conductive material as animal tissue
the distribution of current cannot be governed by self-induction
to any appreciable extent, but he does not consider the two-fold
effect of the large cross-section, pointed out by Sir William
Thomson., As the resistance of the body to such currents is low,
we must assume either condenser action or induction of currents
in the body,

New Yonx, April 4, 1801.

NIRKOLA TESLA.

Literature.

The Elements of Dynamic Ekctricc‘t%and Magnelism : By Philip
Atkinson, A, M., Ph. D. New York: D. Van Nostrand Co.,
1891. b5x8 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 onlf 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
been so forcibly brought to public attention during the last few
years. A book to interest these learners and general readers,
therefore, must present the subjecta in their plainest dress, and
must convey the facts through the medium of conclusive induc-
tive reasoning rather than by the aid of formulce. 1t is from this
atan;l({roint that the author has treated the subject matter con-
tained in the book, which forms a companion work to that

wreviously published, entitled ‘‘ Elements of Static Electricity.”
n the present work the author has taken up the subject of dynamo
electricity and magnetism, and very properly begins with defi-
vitions and a description of the voltaic battery. Xe 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 Jeads up from the natural magnet to the mariner's and
surveyor's compass and gives one of the most complete short ex-
posés 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-inagnetism, 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 masaes of iron. The author explaing
very clearly the simple rules by which all these phenomena may
be remembered, and shows their application to the construction
of the RuhmkorfT 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
ﬁnlvanomt'ter. the Weston voltmeter, the Wirt volteter, the Car-

ewand others. The dynamo and motor are then taken ur. and
after a few 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. Thissurvey includes not only
those of the well-known continuous current machines, but also the
best knownalternating current dynamos and motors. Thermo-mag-
netic motors are also touched upon here. Electrolysis and electric
storaize form the subject matter of the two following chapters,
introduced by the theory of Grotthuss, which still seems to be the
favorite one for text book purposes, and perhaps justly so. The
application of the laws of electrolysis to electric storage is also
pomnted out, and the construction of the most recent types of
secondary batteries is described and illustiated. The relations of
electricity to heat form a chapter which will attract considerable
interest as we find in it, besides the laws governing the gencra-
tion of heat in conductors, a gimple 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 light 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 systems of distribution are described. The telegraph
an;i the telephone, to each of which a chapter is devoted, end the
volumae.

While we are not prepared to e entirely with all the views
expressed by the author, especially on points of theory, the
present unsettled state of the latter mizht ba easily made to
account for divergences. If we may also bs allowed to suggest,
we think that the work in further editions, which will undoubt-
edly be called for, might be improved by a more rigid adherence

18
CAL ENGINEER.

to the classification of the subjects treated. The book has the
updoubted merit of giving the latest information on the practieal
advances made, and does not burden the reader with a long and
‘Eroﬂtlm review of what has been done during the last fifty years,

he book is admirably printed and illustrated, and the author has
evidently availed himself of the latest and best sources of inform-
ation. We trust that the publishers will find their entcrpriso
fully rewarded.

[April 8, 1891,

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. Swin-
burne, etc.” It should read as follows: “In a communication
received from Messrs. Swinburne & Co. a few days after the

blishing of my article, etc., they state that the leakage current
n their transformers of 40 lights capacity is about 40 per cent.:
nllawinﬁ that this 40 per cent. is correct, the comparative leakage
current in the open and closed types of transformers is approxi-
mately 10 to 1.” WAL, HTANLEY, I

P'irrsriELD, Mass.

WHAT ARE THE LIMITS OF HIGH POTENTIAL
TRANSMISSION ?

IN another column we describe the tests which have recently
been made to demonstrate the possibility of transmitting electricil
energy between Lauffen and Frankfort, in which potentials of
over 30,000 volts were employed. These experiments appeared to
indicate the ):mct.ical success of the system, but in a letter appear-
ing in the Elektrotechnische Zeitschrift, August Schuoelley, of The
Haguce, Holland, draws attention to certain points, which, he
claims, have not been fully considered. He writes as follows :

“ In our technical papers, the power transmission project from
Lauffen to Frankfort, on the ogcasion of the Frankfort Exhibi-
tion, has been the frequent object of discussion of late, Although
in the carrying out of mny experiments in the preparation of ozone,
I have already had considerable experience with alternating cur-
rents up to 24,000 volts potential, lllmve up to now avoided taking
part in this discussion. Since, however, this project has becn
seriously taken up and spoken of by his Excellency, Dr. Von
Stephan, I have regarded it as my duty to testify to the enormons
difficulties of transmitting power with 20,000 volts alternating
current, which make its carrying out in practice impos=ible. The
transmitted 300 h. p. may have at the primary tranaformer 30,000
volts and 6.2 amperes= 186,000 watts. To obtain 30,000 volts by
transformation in commercially practicable apparatus, so as to he
safe, is indeed difticult, but under certain construction not
impossible,

** The chief difficulty in the transmission of 30,000 volts lies
not, however, in the fourfold transformation and the loss thereby
entailed, nor in the transformers themselves, but in the outside
conductors. With 6.2 amperes, with a copper wire of 5 mm. di-
ameter, and with 350 kilometres of wire the drop in potential
amounts to only 1,830 volts = 6.1 per cent. ; but the other losses
which the conductors are subject to have been entirely left out of
account up to the present. For the overhead conductors tele-
graph poles are necessary, which ought not to be more than 50
metres apart, so that altogether there will be 3,500 telegraph poles.
and 7,000 oil insulators. ne insulator, even an oil insulator, hus
an average resistance of 1,000 megohms when measured with low
potential battery current. For 7,000 insulators there mnay then be
a resistance of 150,000 ohwms ; then there would be, at 30,000 volts,
0.2 ampere loss, which loss of 3.2 per cent., in such an 1mportant
undertaking, may almost be neglected.

**Now, however, comes the principal point: The *charging
loys,” according to iy measurements, for an air dry insulator ut
15,000 volts, amount to 2.3 watts ; at 20,000 volts to 4.7 watts, and
at 80,000 volts might reach about 15 watts. In the 7,000 insula-
tors then, in dry weather, there would be about 100,000 watts loss,
The losses in foggy or rainy weather are stillleft quite out of the eal-
culation. If we assume a distance between the parallel conductors
of one metre, there results, at 30,000 volts potential, a loss of 0.15
watt per metre by silent discharge ; hence, for 175 kilometres, a
loss of 26,000 watts, Allowing an efficiency of 93 per cent. for
the primary and secondary machines and 08 per cent. for the
transformers at full load, the loss in the line 6.1 per cent.. the
insulation loss 3.2 per cent., the ‘charging loss’ on the insulators
at 100,000 watts, and the 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 Lauflen plant of 300 h. j. we
will get in Frankfort about 87 h, p.

““There must be taken into account still further, about #,000
square metres of condensing surface of the conductors and insu-
lators. 1 have measured the sparking distance with 20,000 volts
alternating current at 100 reversals per second, without any conden-
ser, and found it to be 48 mm.; and when a condenser of 15 sq. mm.
surface was included, the sparking distance was more than 80
mm.; but how great the sparking distance is with 0,000 square
matres of condensing surface, go2s beyond my expericnce. Oa
the basis of thess traths it is easily ssen that the whole project
a technical impossibility.”
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The “Drehstrom” Patent.

BY NIKOLA TESLA.

In the last issue of THE ELECTRICAL WorLp [ find an
article on my * Drehstrom ™ patent which appeared origi-
nally in Jndusiriés, and is, I believe, from the pen of the
able editor of that journal. - Some of the statements made
are such as to cause an erronevus opinion 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 itis 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, 1883, is a clumsy one, but this
theory was formed by me a number of years before the
practical results wereannounced, the patents being applied
for only after it was undoubtedly demonstrated that the
motor could fairly compete in efficiency with the direct
current motor, and that the invention was one of commer-
c1al 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 view of the importance of the inven-
tion, and with proper regard to the state of the art at that
period, and had the patents been carefully studied by
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
moreseparate fields and armatures, coupled together me-
chanically, does or does not fall under my patent. L do
not share his apprehension. .Judges are highly educated
men, and it does not require much technical knowledge to
convince one that it is the saine whether two belts driving
a rigid arbor are close together or farapart. Nordo I
think that it is necessary for the honorable judge tobe a
partisun of the armature reaction 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 be 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 instance, a form of my two-phase motor There
are two sets of field magnets, one at the neutral parts of
the other.  One of the sets, thercfore, might as well be re-
moved and placed a distance sileways, but long experi-
ence shows that in output, efficicney, cost of construction
and in general mechanical vespects such an arrangement
is inferior. The twosets are conuected inductively through
the armature body or the windings thereon. Part of the
period one set of field magnets acts as a generator, set-
ting up induction currents, which circulate in the field
of force of the otherset, which may be looked upon as
a motor. Part’ of the period 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 commutated as it were, and a tendency to

* rotate in a given direction is imparted to the armature,
Now place two fields side 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
currents to circulate in the other, and is the action
not exactly the same in both cases? This is a fact,
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no matter what theory is adhered to. The writer says that

in the case of two separatestructures there 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 mot in accordance with “accepted notions to

conceive the imaginary lines as -surging simply

in the pole projections in exactly the same manner

in both the arangements? Irrespective of the view

taken, 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 works, a

practical 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 writer
is only assuming a case which cannot occur. Heis evi“ently
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 -meeting of the
Institute, and J was unable to do full justice

even to those features upon .which, as employé of
a company owaing the invention, I was peimitted 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 as the best in explanation of the action
of the motor, the invention is nof represented as depend-
ent entirely on that theory ; and in showing a three phase
rootor with six projections, where it was manifestly more
consistent with the accepted popular ideas to assume the
“lives 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 will show :
“The variations in the strength and intensity of the cur-
rents transmitted through these circuits (lines and arma-
ture) and traversing the coils of the motor produce a stead-
ily progressive shifting of the resultant attractive force vx-
erted by the poles upon the armature and consequently

keep the armature rapidly rotating.” There is, in this in-
stance, no question of a rotating field in the common ac-
ceptance of the term of the resultant attractive force:

there is a question simply of a diagram of force, and it is
immaterial for the operation 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.

Reprinted with Permission. Reprinted
from Oct. 8, 1892, issue of Electrical
World, ¢ Copyright 1892, McGraw-
Hill, Inc. All rights reserved.
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THE EWING HIGH-FREQUENCY ALTERNATOR AND PARSONS STEAM ENGINE

In your issue of November 18 I find a description of Prof. Ewing's high-frequency
alternator, which has pleased me chiefly because it conveyed to me the knowledge
that he, and with him, no doubt, other scientific men, is to investigate the prop-
erties of high-frequency currents. With apparatus such as you describe, shortly a
number of experimenters, more competent than myself, will be enabled to go over the
ground as yet but imperfectly explored, which will undoubtedly result in the obser-
vation of novel facts and elimination of eventual errors.

I hope it will not be interpreted as my wishing to detract anything from Prof.
Ewing's merit if I state the fact that for a considerable time past I have likewise
thought of combining the identical steam turbine with a high-frequency alternator.
Anch' io sono pittore. 1 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 Targe diameter (30 inches), of
course, has the advantage of affording better facility for radiation; but, on the
cther 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

/——-——_

27 .../W.ee..-

INYONE who, like myself, has had the pleasure

: ?’d \-:i_ﬁ\ of witnessing the beautiful demonstrations with
£SPA ol

|

| vibrating diaphragms which Prof. Bjerknes,
exhibiteg in person at the Paris Exposition in
1880, must have admired his ability and
ainstaking care to such a degree, asto have an almost
implicit faith in the correctness of observations made b
him. His experiments ‘“On the Dissipation of the Elec-
trical Energy of the Hertz Resonator,” which are described
in the issue of Dec. 14, of TrE EvecTricAL ENGINEER, are
prepared in the same ingenious and skillful manner, and
the conclusions drawn from them are all the more interestin
as they agree with the theories put forth by the most ad-
vanced thinkers. There can not be the slighest 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-
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nations, and increases very rapidly when the diameter of
the wire is made exceedingly small. On the latter point
the recently published results of Prof. Ayrton and H. Kil.
gour on “The Thermal Emissivity of Thin Wires in Air”
throw a curious light. Exceedingly thin wires are ¢apable 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 altemating potential. So in
the experiment cited, a thin hot wire is found to be capa-
ble of emitting an extraordinarily great amount of heat,
especially at elevated temperatures. In the case of a hot
wire it must of course be assumed that the increased emis-
sivity is due to the more rapid convection and not, to any
appreciable degree, to an increased radiation. Were the
latter demonstrated, it would show that a wire, made hot
by the application of heat in ordinary 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

tions such as those of Prof. Bjerknes, the experimenter is '

confronted.

The 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 experi-
ments before the English and French scientific societies—
dissipation of energy by what I think might be appropri-
stely called electric sound waves or sound-waves of electri-
fied air, In Prof. Bjerknes’s experiments principally this
dissipation in the resonator neeg be considered, though
the sound-waves—if this term be permitted—which
emanate from the surfaces at the oscillator may consider-
ably affect the observations made at some distance from
the latter. Owing to this dissipation the period of vibra-
tion of an air.condenser can not be accurately determined,
and I have already drawn attention to this important fact.

These waves are propagated at right angles from the
charged surfaces when their charges are alternated, and
dissipation occurs, 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 af;ct-ric density of
the surface, the dissipation should be proportionate to the
siquare of the density and to the number of waves per sec-
ond. The above assumption, it should be stated, does not
agree with some observations from which it appears thag
an atom can not take but a certain maximnm charge; hence,
the charge imparted may be practically independent of the
density of the surface, but this is immaterial for the pres-
ent consideration. This 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 currents, that this
dissipation of energy from a wire, for instance, is not very
far from being proportionate to the frequency of the alter-

.oceurs, 88 I have demonstrated, under the ordina:

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
small, should certainly be looked for. :
A number’ of observations showing the peculiarity. of
very thin wires were made in the course of my experi-
ments. I noted, for instance, that in the well-known
Crookes instrument the mica vanes are repelled with com-
paratively greater force when the incandescent platinum
wire is exceedingly thin. This 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-
vection. :
When I first undertook to produce the incandescence of
a wire enclosed in a bulb, by connecting it to only one of
the terminals of & high tension transformer, I could not
ancceed 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
ghort 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 encrgy
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 is likewise evidence
which, though not possessing the ¢ertainty of an aocurate
quantitative determinatiun, is nevertheless reliable because
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, _
%‘he effects noted in exhausted vessels with high-fre-
quency currents are merely diminished in degree when the
air is at ordinary pressure, but heating and dissipation
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 energg. 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 owing to the
vresence of a discontinuous medium is transformed into
heat at the surface jor in close proximity to the
wires. Such heating could not occur in a medium
possessing either of the two qualities, namelg, 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 because of the continuity of the fluid.
hen the electric density 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 tEe impact of the airat
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 placed near a condenser the charge
of which 1s alternated, the plate emits a sound. This
sound is due to the rythmical impact of the air against the
plate. Ihave also found that the ringing of a condenser,
firet noted by Sir William Thomson, is due to the presence
of the air between or near the charged surfaces.

When a disruptive discharge 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
iteelf would remain at rest, The displacements produced in
it by changing electrostatic stresses are insignificant; to
such stresses it may be said to be compressible to but a
‘very small degree, The action of the air is shown in a
curious manner for.if a pointed metal bar is taken in the hand
and held with the point cloge 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 rof. Bjerknes which arc
here considered, namely, the “skin effect,” is increased by
the action of the air. Imagine a wire immersed in a
medinm, the conductivity of which would be some function
of the frequency and potential difference hut such, that
the conductivity increases when ecither or both of these
elements are increased. In such a medium, the higher the
frequency and potential difference, the greater will be the
carrent 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 carrent,
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 medinm 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 : 1. The dissipation of energy
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is more rapid when the resonator is immersed in air than it
would be in a practically continuous medium, for instance,
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 the

‘two facts that the resonator receives always the same

amount of energy, independent of the nature of the metal,
and that the magnetism of the metal increases the imped-
ance of the circuit. A resonator of magnetic metal
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 required in
the former experiment, but very little thickness 0(% 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 the metals.

STATISTICS OF ELECTRICAL MANUFACTURE IN
* GERMANY.

Tue following statistics with regard to the value of
electrical goods manufactured in Germany, and relating
to the years 1800 and 1891, were recently given by the
Flektrotechnische Zeitschrift on the authority of Herr Fr.
Vogel. Telegraphic apparatus to the value of $280,000 was
made; telephones, over 8400,000; railway signalling appar-
atus, nearly $400,000; total, with electric bells, etc., abont
$2,000,000. During 1890-1891: 3,500 continuous current
dynamos, alternators and transformers were built each
year to the value of $1,600,000, In 1886 a large German
firm built 350 machines, having a total ontput of 2,500,000
watts. Last year the sgame firm turned out 760 machines,
the total output of which was 10,000,000 watts, the aver.
age size of machine being, therefore, about 914 h. p. and
1734 h. p. respectively. Accumulatorsare being manufac.
tured and sold in Germany to the amount of $1,120,000 per

“annum. About 17,000 are lamPa are made every year, their

value being about $500,000. The arc-light carbon product
amounts to nearly $400,000 per annum, and the incandes-
cent lamp product to $640,000, The value of the total
annual electrical ontput of all sorts is placed at $6,600,000
or $6,700,000. The number of persons employed in elce-
trical factories is about 15,000,

MAXIMUM SPEED ON ELECTRIC RAILWAYS,

Ix a contribution to the Elekirotechnische Zeitschrift,
Mr. J. Kraemer comments on the current statements re-
garding high speed on electric railways, and presents sa
array of formulas for calculating the effect of air pressure,
dead weight and other factors on the maximum possible
specd. Ile thinks that 500 kilometres per hour is the
highest speed yet attained by experiments made on 8
laboratory scale; the dead weight of the cars, engins
tracks and the fuel used reduces this to about 150 kil-
ometres. The limited rate of reciprocation of the
steam engine part of the locomotive suggests larger driv.
ing wheels, but the size of these is limited by the radius
of the curves. These factors, together with the allowanccs
for air resistance, slipping on the rails and the avers
grades still further reduce this speed, so that electric rail-
ways must be able to alter the conditions materially in
order to attain a speed of even 200 kilometres per bour,
corresponding to about 125 miles per hour—~quite a promis

ing figure..
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THE PHYSIOLOGICAL AND OTHER EFFECTS OF
HIGH FREQUENCY CURRENTS.

BY

/————

MM /Mﬁ__-

- In THE ELECTRIOAL ENGINEER Oof January 25, 1898, I note an
article by Mr. Av A. O.8winton, 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 American Institute of Electrical Engineers, in May, 1891, and
Eubliuhed-ia THE ELECTRIOAL ENGIREER of July 8, 1891, which

as 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-breaker, whereas he could have employed
the much simpler method "of converting continuous currents into
alternating currents of any y 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 at will by simple adjustments. I bad thought that
most electricians ‘were -at present familiar with this mode of
conversion which 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 hiave written-on the subject. But I cannot agree
with some of the views expressed by him. .

First of all, in regard to the physiological effects. I have made
a clear statement at the beginning of my published studies, and
my continucd experience with these currents has only further
strengthened me in the opinion then expressed. I stated in my
paper, before mentioned, that it is an undeniable fact that currents
of very high frequency are less injurious than the low frequency
currents, .but I have also -taken care to prevent the idea from
gaining ground that theds currents are absolutely harmless, as
will be evident from the following quotation: *‘'If received
directly from a machine or from a secondary of low resistance,
they (high frequency currents) produce more or less powerful
effects, and may cause serious injury, especially when used in
conjunction with condensers,” Thisrefers to currents of ordinary’
potential differences such as are used in general commaercial
practice.

Ag regards the .currents.of very high potential differences
which were employed in my experiments, I have never consider
the current's strength, but ¢he 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 wag 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 gracti cally what Mr.
Swinton expresses in another way.;' namely, by saying that with
“high frequency currents it ‘s possible to obtain effects with
exceedingly small currents,” ete. L

In regard to the experiments with lamp filaments, I have, I
believe, expressed  myself with equal clearness. 1 have pointed
out some ghanomena 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 currenta. of such high frequency. The heating
of the filament by a comparatively small current is not, as Mr.
Swinton thinks, due to its impedance or increased ohmic resist-
ance, but principally to:the presence of rarefied in the bulb,
Ample evidence of the truth-of this can be pbtained in very many
experiments, and "to cite.them.would be merely lengthening this
communication unduly. ;

Likewise, observations made when the experimenter's body
wag included in the path of the discharge, are, in my opinion, not
impedance, but capacity, phenomena, The spark between the
hands is the shorter, the larger the surface of the body, and no
spark whatever would be obtained if the surface of the body
were sufficiently large.” )

I would here point out that opeis apt to fall into the error of sup-
pesing -that-the spark which is produced between two points on a
conductor, not very distant from each other, is due to the
impedance of .the conductor. This is certainly the case when the
current is of considorable strength, as xor instance when, like in
the Faraday experiment 6r some of ‘Dr, Jodge's, a heavily-charged
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battery of Loyden jarais discharzel through a bent wirs. But,
when there is a vibration along a wire which is constantly main-
tained, and the current is inappreciable whereas the potential at
the coil terminal is exceedingrl‘ﬁ high, then lateral dissipation
comes into play prominently, ere is then, owing to this diesi-

ation, a rapid fall of potential along the wire and high potential

iferences may exist between points only a short distance apart.
This is of course not to be confounded with those differences of
potential observed between points when there are fixed waves
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. SBwinton, and hy
other experimenters, have recently been brought forward as
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 d?ractlon.

ELECTRICAL RECORDING METERS.—II.
BY CARYL D.. HASKINS.

There is another 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 have indulged. in amateur photography ; it
consists of a piace of glass covered with amall cubes, each cube of
a more intense ruby red than the one beyond it, merging, in fact,
from an almost clear glass to an almost perfectly mon-actinic
medium. Now, it suggestd itself to a certain electrician that if a
number of these squares were arranged in a piece of glass, 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-
ometer at a constant speed, that the varying light of the lamp
would draw a curved line, or rather a curved block of light and
shade on the paper, which would be measured by a planimeter to

t the average voltage, or could be taken at points. to ses 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 any means ; some are recording volt-
meters, others recording ammeters, and others have still different
purposes. The fawiliar recording steam gange 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 s]r)eetl. and generally being divided into hours or other frac-
tions of time by abscissm 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 this kind are generally made with an ordinary
solenoid, or sometimes with a simple coil and iron core rising and
falling with the current. Whatever the character of the indicator
or method of communication between the indicator and paper, it
remained necessary to keep the friction of contact low,

First attempts were made with a pencil, bearing directly 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 line drawing is one of the best systems yet
introduced, .and is probably more familiar to the majority of us
than other methods, because it forms a component part of the
‘Walker meter which has attracted attention at various times.

One of the best methods of accomplishing the registration,
perhaps, when all things are considered, the very best, is toattach
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 electromagnet behind the paper to be
marked, and sending ,through this magnet an electrical impulse
at fixed periods of say, one, two or five minutes, the pointer is
drawn sharply down to the paper, puncturipg it, and 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 clock 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 gerious objection to them
all—they have to be wound up, which is certainly 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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The Detroit Free Press
Feb. 16, 1896, p. 16.

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-
1y 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-
jical 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 prepared about a year ago
a machine with suitable adjustments for varying the frequency and amplitude of the
vibrations, intending to give it to some medical faculty for investigation. This
machine, together with other apparatus, was unfortunately destroyed by fire a year
ago, but will be reconstructed as soon as possible.

In making the above statements I wish to disconnect myself with the extraor-
dinary opinions expressed in some journals which I have never authorized and wh1gh,
though they may have been made with good intent, cannot fail to be hurtful by giving
rise to visionary expectations.

Yours very truly,

N. Tesla

Electrical Review - N. Y.
March 18, 1896, p. 147

TESLA'S LATEST RESULTS
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 Tine: "A similar impression was obtained through the body of the experi-
menter, etc., through a distance of four feet." The impression here referred to
was a similar one to that shown in Fig. 2, whereas the shadow in Fig. 1 was taken
through a distance of 18 inches. I state this merely for the sake of correctness
of my communication, but, as far as the general truth of the fact of taking such a
shadow at the distance given is concerned, your caption might as well stand, for
I am producing strong shadows at distances of 40 feet. I repeat, 40 feet and even
more. Nor is thisz all. So strong are the actions on the film that provisions must
be made to guard the plates in my photographic department, Tocated 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 unlooked-for result of an action which, though wonderful in itself, seem-
ed feeble and entirely incapable of such expansion, and affords a good example of
the fruitfulness of original discovery. These effects upon the sensitive plate at
so great a distance I attribute to the employment of a bulb with a single terminal,
which permits the use of practically any desired potential and the attainment of
extraordinary speeds of the projected particles. With such a bulb it is also evi-
dent that the action upon a fluorescent screen is proportionately greater than when
the usual kind of tube is employed, and I have already observed enough to feel sure
that great developments are to be looked for in this direction. I consider Roent-
gen's discovery, of enabling us to see, by the use of a fluorescent screen, through
an opaque substance, even a more beautiful one than the recording upon the plate.

Since my previous communication to you I have made 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 Tight, 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 il1lus-
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 Progress.

On Apparatus for Cathography.

By NIKOLA TESLA.
1n order to produce the most intense
effects, we have first to consider that,
whatever their nature, they depend
necessarily on the intensity of the
cathode streams. Then, again, being
dependent on the magnitude of the po-
tential, it [ollows that the highest at-
tainable electrical pressureis desirable.
To obfain high potentials we may
avail ourselves of an ordinary induction
coil, or of a static machioe, 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 potential on
the cathode. Thus, to secure the re-
sult aimed at, one is driven to the ac-
ceptance ol 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 coosideration is the vacuum.
On this-subject 1 am able to make
koown a fact with which I bave long
been acquainted, and of which I have
taken advantage in the production of
vacuum jackets and incandescent bulbs,
and which I subsequently found to be
of the utmost importance, not to say
essential, for the production of intense
Roentgen shadows. I refer to a
method of rarefaction by electrical
means to any degree desirable, far be-
yond that obtainable by mechanical
apflisnces.
hough this result can be reached by
the use of a static machine, as well as
of an ordioary induction coil giving a
sufficiently high poteatial, I have found
that by far the most suitable ap-
paratus, and one which secures the
quickest 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
bave shown that this is not absolutely
necessary, as I have also found it pos-
sible . to rarefy, beginning from low
ressure. After being taken down
rom the rump. the bulb is attached to
pal of the disruptive coil,
preferably of bigh frequency of vibra-
tion, and usually the following ;lahe-,
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 has
been exbhausted to a high degree. At
aoy 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 heating, however, is observed ounly
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 becomiog again
white, whereupon they get weaker and
weaker, wavering around the electrode
until they finally disappear. Mean-
while, the phosghorqscence 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 that the glass near it may be
actually ice-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 state bere tbat the experi-
menter need not be deterred from us-
inz a glass bulb, as [ believe the opacity
of glass, as well as the transparency of
alumioum, are somewhat exaggerated,
inasmuch as I have found that a very
thin alumioum sheet throws a marked
shadow, while, on 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 particiea through the walls
of the bulb. I bhave lately observed
that the latter comimences to act'prop-
erly upon the sensitive plate only from
the point when the exbaustion begins
to be noticeable, aud the effects pro-
duced are the stroongest 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 bave to deal
with & stream of material particles,
which strike the seaositive plate with’
great velocities. Taking as a basis
the estimate of Lord Kelvio on the
8 of projected particles in a

rookes’ 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 under 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
atmosphberic pressure. I have obtained
distinct impressions in free air, not by
streamers, as some experimenters have
done, using static machioes or induc-
tion 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 suitable 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, the
formation of streamers being abso-
lutely preveated 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 abandooment of the

resent plate. Furthermore, if we
Eave to deal with streams of material
particles, it seems not impossible to
project upon the plate a suitable sub-
stanoce to insure the best chemical
action.

By exposing the head to a powerful
radiation strange effects have been
noted, For instance, I find that there
is a tendency to sleep and the time
seems to pass away quickly. There is
a general soothing effect, and I have
felt a sensation of warmth in the upper
part of the head. An assistant inde-
pendent'liy confirmed the tendency to
sleep and a quick lapse of time. Should
these remarkable effects be verified by
men with keener sense ol 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 chewnical into any
part of the body.

Since my above-mentioned discov-
eries I have made considerable prog-
ress, and can presently announce one
more result of importance. I have
lately obtained shadows by reflected
rays only, thus demonstrating beyond
doubt that the Roentgen rays possess
this property. Oune of the experi-
ments may cited here. A thick
copper tube, sbout a foot long, was
taken and one of its ends tightly closed
by the plate-bolder containing a sensi-
tive 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 of
the tube. A single terminal bulb was
then suspended above the glasa plate
at a distance of about eight ioches, 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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The Electrical Engineer - N. Y.
December 23, 1896, p. 655

MR. TESLA ON THERMO ELECTRICITY.

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 Nikola Tesla

The commemoration of the recent introduction into the city of Buffalo of electric
power from Niagara Falls was made the occasion of a banquet, held at the Ellicott
Club, at Buffalo on January 12, 1897, the hosts being the Niagara Falls Power and
Conduit Company, and the distinguished guests the men, principlally, to whose busi-
ness and engineering talents the world owes the remarkable Niagara 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, "Electricity," 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 lTimitations. 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 Toses 1ittle 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 Tikewise profoundly affected by the com-
ercial introduction of electric 1ight 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 1ike 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 1iquefaction of air on an industrical scale by
a process of continuous cooling; the discovery of argon by Lord Raleigh and Profes-
sor Ramsay, and the splendid pioneer work of Professor Dewar in the field of Tow
temperature research. The fact that the United States have contributed a very
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Tiberal 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-
1ling 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 Tong 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 1ife 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, 1ike 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.



36

Electrical Review - N. Y.
Jan. 5, 1898, pp. 8, 9

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 1ight emitted by phosphorescent vacuum tubes to ordinary pho-
tography. The results soon showed that, even with a tube giving no more Tight 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 Timit in the amount of light producible,
and believe that this method of illumination will be eventually employed for 1ight-
house purposes. This probably will be considered the oddest and most unlooked-for
development of the vacuum tube.

Simultaneously with this progress a corresponding improvement was made in the
efficiency of the Tight 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 Tamps. The reason for the great power consumption, which may often be as much
as 10 times that taking place in incandescent Tamps 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
Tine 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 1ight 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 1light 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.
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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 PHOTOGRAPH MADE BY THE LIGHT OF A SINGLE
THE LIGHT OF A SINGLE IMPROVED VACUUM TUBE OF VACUUM TUBE, AT A DISTANCE OF FIVE FEET;
1,000 CANDLES. EXPOSURE TWO SECONDS; DISTANCE EXPOSURE, FIVE SECONDS.

FROM THE TUBE FOUR FEET.
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New York Journal
Feb. 6, 1898

TESLA ON ANIMAL TRAINING BY ELECTRICITY.

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.

[The following article appeared with 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 Tength 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 1ion 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 Tion. 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 York Journal
Nov. 13, 1898

MY SUBMARINE DESTROYER - by Nikola Tesla

Yesterday Nikola Tesla gave to the Sunday Journal exclusively the news of his
latest invention - a 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 destroy 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.

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

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

"But my submarine boat, loaded with its torpedoes, can start out 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 weapon 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.

“"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 position 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 destruyers 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.

"A11 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 shore or on an ordinary war ship. By mov-
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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"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 1ittle metal box with a Tever on the outside.
By moving the crank to a certain point it gives 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 1imit of the circle and scarcely has its more prolonged hum of
recoil sounded when the city fire apparatus dashes up to your place at its call.

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

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

"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 Tlights.

"The Tookout 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 1ittle 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 sight 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 Toad 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 1ife 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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Electrical Engineer - N. Y.

Nov. 24, 1898, p. 514
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 Timit
yourself in your future attacks to statements for which you are not 1iable to be
punished by law.

N. TESLA

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

TESLA DESCRIBES HIS EFFORTS IN VARIOUS FIELDS OF WORK.

(From The Sun, New York, November 21, 1898)

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 appreciation
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 Tines which I first disclosed in a lecture at Columbia College in
1891. There exists a popular error in regard to this Tight, 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
Tower 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 1ight 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 1ighting 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 1ight of any desired intensity. I do not mean to say that this
system will revolutionize those in use at present, which have resulted from the co-
operation of many able men. I am only sure that it will have its fields of use-
fulness.

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

This machine was simply to charge and discharge in rapid succession a body in-
sulated in space, thus altering periodically the amount of electricity in the earth,
and consequently the pressure all over its surface. It was nothing but what in
mechanics is a pump, forcing water from a large reservoir into a small one and back
again. Primarily I contemplated only the sending of messages to great distances in
this manner, and I described the scheme in detail, pointing out on that occasion
the importance of ascertaining certain electrical conditions of the earth. The
attractive feature of this plan was that the intensity of the signals should dimin-
ish very little with the distance, and, in fact, should not diminish at all, if it
were not for certain losses occurring, chiefly in the atmosphere. As all my pre-
vious ideas, this one, too, received the treatment of Marsyas, but it forms, never-
theless, the basis of what 1is 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 1ine, 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 1ike 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 model resembling in its essential, material
features the human body, I was led to combine a controlling device, or organ sen-
sitive to certain waves, with a body provided with propelling and directing mech-
anism, and the rest naturally followed. Originally the idea interested me only
from the scientific point of view, but soon I saw that I had made a departure which
sooner or later must produce a profound change in things and conditions presently
existing. I hope this change will be for the good only, for, if it were otherwise,
I wish that I had never made the invention. The future may or may not bear out my
present convictions, but I can not refrain from saying that it is difficult for me
to see at present how, with such a principle brought to great perfection, as it
undoubtedly will be in the course of time, guns can maintain themselves as weapons.
We shall be able, by availing ourselves of this advance, to send a projectile at
much greater distance, it will not be limited in any way by weight or amount of
explosive charge, we shall be able to submerge it at command, to arrest it in its
flight, and call it back, and to send it out again and explode it at will, and,
more than this, it will never make a miss, since all chance in this regard, if hit-
ting the object of attack were at all required, is eliminated. But the chief fea-
ture of such a weapon is still to be told; namely, it may be made to respond only
to a certain note or tune, it may be endowed with selective power. Directly such
an arm is produced, it becomes almost impossible to meet it with a corresponding
development. 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 1ittle 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 T intended to 1ive 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 1imit of patience of the readers has been
finally reached.

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

It was chiefly in three directons that electrical investigation was attractive
and promising: There were the excessive electrical pressures of millions of volts,
which opened up wonderful possibilities if producible in practical ways; there were
currents of many hundreds of thousands of amperes, which appealed to the imagination
by their astonishing effects, and, most interesting and inviting of 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 1ittle 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 Tittle to correct afterward.

The importance of the task of providing proper implements for research in these
fields once recognized, it became the question in what line the efforts to this end
would be 1ikely 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 Timitations. 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 1imit 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 Timit-
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. 1In
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 1imit 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 Tump 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 1iquid 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. 1, 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 conductors,
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 1in
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 Tanguage.
But those readers to whom they are naturally less intelligible will ask: What are
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FIG. 1 - 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 - TARLE 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 WITH-
OUT A CONDENSER.
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FIG. 6 = EXPERIMENT ILLUSTRATING THE ACTION OF
A SYNCHRONIZED CIRCUIT ENERGIZED BY WAVES
TRANSMITTED FROM A DISTANT OSCILLATOR - THE
ENERGY RECEIVED IS TRANSFERRED UPON ANOTHER
UNRESPONSIVE CIRCUIT, LIGHTING THE INCANDES-
CENT LAMP ATTACHED TO THE SAME.

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

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

they good for, and what do they or have they demonstrated? To them it may be said
that they have shown and proved among many other things: That ordinary currents
can be transformed with high economy into 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 1ike 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.

Maw York, March 26, 1899
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New York Sun
Jan. 30, 1901

TESLA'S NEW DISCOVERY
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 asserts, a large part of tech-
nical Titerature 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 Taw governing this phenomenon. He did so, and all this he explained
to The Sun yesterday. Here is what he said:

"Since many years scientific men engaged in the study of physics and electrical
research have taken it for granted that certain quantities, entering continuously
in their estimates and calculations, are fixed and unalterable. The exact deter-
mination of these quantities being of particular importance in electrical vibra-
tions, which are engrossing more and more the attention of experimenters all over
the world, it seems to be important to acquaint others with some of my observations,
which have finally lTed 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.

"It 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.

"Exactly 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.

"In this system, I then explained, that, in estimating the wave-length of the
electrical vibration in the transmitting and receiving circuits, due regard must be
had to the velocity with which the vibration is propagated through each of the cir-
cuits, this velocity being given by the product of the wave-length and the number
of vibrations per second. The rate of vibration being, however, as before stated,
dependent on the capacity and inductance in each case, I obtained discordant values.
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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 Taw 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, important 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 Tittle slower at
an elevation than when at a Tower level. An oscillating system, as used in teleg-
raphy without wires, vibrates a Tittle 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.

"Tt 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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Setentifie American
Feb. 2, 1901, p. 67.

TESLA'S WIRELESS LIGHT.

Nikola Tesla has given to The New York Sun an authorized statement concerning
his new experiments on the production of 1light without the aid of wires. Mr. Tesla
says: -

"This 1ight 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 1ight a higher economy is
practicable than with the present illuminants. The 1ight offers, besides, many
specific advantages, not the least of which is found in its hygienic properties.

It is, I believe, the closest approach to daylight which has yet been reached from
any artificial source.

"The lamps are glass tubes which may be bent in any ornamental way. I most gen-
erally use a rectangular spiral, containing about twenty to twenty-five feet of
tubing making some twelve to fourteen convolutions. The total illuminating surface
of a Tamp 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 Tamp on the
terminals of the source of oscillations. The tube contains gases rarefied to a
certain degree, determined in the course of Tong experimentation as being conduct-
ive to the best results.

"The process of 1ight 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 T1ight. 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 Tittle heat
noticeable, which speaks well for the economy of the 1light, since all heat would
be Toss.

"This high economy results chiefly from three causes: First, from the high rate
of the electrical oscillations; second, from the fact that the entire 1light-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 Tower or
heat vibrations. An important practical advantage is that the Tamps need not be
renewed 1ike 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 1light
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 1ight 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 1ight which we now use are detrimental to the eye.

"T have found that in almost all its actions the 1ight 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 1ight 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 atmosphere. These effects
can be regulated at will. For instance, in hospitals, where such a light is of par-
amount importance, Tamps may be designed which will produce just that quality of
ozone which the physician may desire for the purification of the atmosphere, or if
necessary, the ozone production can be stopped altogether.

"The lamps are very cheap to manufacture, and by the fact that they need not be
exchanged 1ike 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 Tight
than can be produced by the ordinary methods. In introducing this system of light-
ing my transformer, or oscillator, will be usually Tocated at some convenient place
in the basement, and from there the transformed currents will be Tled as wusual
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 1ight without heat or 'cold' 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 deductionms.

Mr. Tesla has not only discovered many important principles, but most of his
inventions are in practical use; notably in the harnessing of the Titanie 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
eonductors 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 1imits 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 Tife must lead to forms of
existence that will be possible without nourishment and which will not be shackled
by consequent limitations. Why should a Tiving 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 @ complicated process,
the energy of chemical combinations into Tife-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, Teading finally to forms which, according to our present
ideas of 1ife, are impossible. I will readily admit, of course, that if there
should be a sudden catastrophe of any kind all 1ife 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 1light, 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-
jons 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 1ight 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 1lines, one of which in particular I now
consider of even greater importance than the transmission of power without wires.

I constructed a Taboratory 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 Teap 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. [ 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.



64

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 t?gse 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 that 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.

-y

-

EXPERIMENT TO ILLUSTRATE THE CAPACITY OF THE OSCILLATOR
FOR PRODUCING ELECTRICAL EXPLOSIONS OF GREAT POWER.
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Philadelphia - North Ameriecan
May 18, 1902

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 1ittle Tess 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 Tiners, 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 1ife-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 Tiner 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
T1ift 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 ook at, but measured in the horse-
power it is not so tremendous. The tides cannot furnish any power worth speaking
of; firewood must do much more.

ACHIEVEMENTS THAT HAVE MADE LORD KELVIN FAMOUS

He Established the Doctrine of the Conservation of Energy.
His Siphon Recorder Made Transatlantic Telegraphy Feasible-
Business Man and Able Politician

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

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

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

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

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

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

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

The result was the "siphon recorder", which is still in use throughout the world
in all ocean telegraphy. With it as many as 130 words per minute have been sent,
where two or three were formerly the 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 1ittle 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 Tines of human research
are as simple as the alphabet to the ordinary layman, he has been the inventor of
a legion of the 1ittle 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, 1iving in different
countries and working in entire independence of each other, simultaneously estab-
1ished 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 1if 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 1ike a prodigal who thinks his means endless, but the day will come
when our check will no Tonger 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 mi1l hand has gone to other lands, the rivers are clean
again, the harbors show only white sails and England's "black country" 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 Tife 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 catching their force.

MAN'S WIT WILL SOLVE THE PROBLEM - by Rear Admiral R. B. Bradford

Rear Admiral 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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"Lord Kelvin," he said, "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.

"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.

"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.

"On 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, "N.T." At the back of the
page which we reproduce is given a list of 93 patents issued in this country to Mr.
Tesla. The fourth page is blank. The third page has a little vignette of Niagara
Falls and is devoted to quotations from various utterances of Mr. Tesla. The first
of these is from his lecture delivered in 1893 before the Franklin Institute and
the National Electric Light Association, as to transmission of intelligible signals
and power to any distance without the use of wires. The second quotation is from
his article on the problem of increasing human energy, which appeared in the
Century Magazine in June, 1900, dealing with virtually the same subject. The third
jtem 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-Hill, Inc. A1l rights reserved.
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New York, January 1, 170

wish to announce that in connection with the commercial introduction of my inventions | shall
render professional services in the general capuacity of consulting electrician and engineer.

The near future, 1 expect with contidence, will be a witness of revolutionary departures in the
production, transformation and transmission of energy, transportation. lighting, manufacture of
chemical compounds, telegraphy, telephony and other arts and industries.

In my opinion, these advances are certain to follow from the universal adoption of high-poten-
tal and high-frequency currents and novel regenerative processes of refrigeration to very low
temperatures.

Much of the old apparatus will have to be improved, and much of the new developed, and |
believe that while furthering my vwn inventions. | shall be more helpful in this evolution by placing
at the disposal of others the knowledge and experience 1 have gained.

Special attention will be given by me to the solution of problems requiring both expert infor-.
mation and inventive rcwurw—-—work coming within the sphere of my constant training and
predilection.

| shall undertake the experimental investigation and perfection of ideas, methods and appli-
ances, the devising of useful expedients and. in particular, the design and construction of machinery
tor the attainment of desired results.

Any task submitted to and accepted by me, will he carried out thoroughly and conscientiously.

Laboratory, Long Island, N. Y. .
Resrdence, Waldorf, New York City. 7 M’- ,/. M-—{_{(

i il L —-— ..'..---..—---‘"-.--...o..(--c - -
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New York Sun
November 27, 1904

Letter from Nikola Tesla:

"My 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.

"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 i11-
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 scheme 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.

"I 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 Tight 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,

"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 1ife and property will be incalculable, not to speak of
inconvenience to the public.

"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: '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 inventions. 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.

"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 Tifted 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 Titerary 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 lTess 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. A1l
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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Manufacturers' Record
Dec. 29, 1904, p. 583.

ELECTRIC AUTOS.
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. 1 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 0il 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 Tittle 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 Mcans for Furthering Peace.

By Nixora TESLA.

NIVERSAL PEACE, assuming it to be in the fullest sense
U realizable, might not require eons for its, accomplishment,

however probable this may appear, judging from the imper-
ceptibly slow growth of -all great reformatory ideas of the past.
Man, as a mass in movement, is inseparable from sluggishness and
persistence in his life manifestations, but it does not follow from this
that any passing phase, or any permanent state of his existence,
must necéssarily be attained through a siataclitic process of develop-
ment,

QOur 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, particularly 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. Sklodowska 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 emanations (Electrical Review, New
York, 1806-1897), 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 and 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
have 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
creation of complex organisms and willful sex control, is gaining
ground. 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,
might- come into existence gwmickly, 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-Hi1l, Inc. AIll
rights reserved.
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So long as we are clearly conscious of the expectation, that peace is
to result from such a parliamentary 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
definite expression to a common desire, will peace be assured.

To judge from current events we must be, as yet, very distant
from.that blissful goal. It is true that we are proceeding towards it
rapidly. There are abundant signs of this progress 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. Qur sym-
pathetic feclers 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-
tional relationship, That is the postal service, Its mechanism is
working satisfactorily, but—how rcmote are we still from that
scrupulous respect of the sanctity of the mail bag! And how
muclt farther again is the next milestone on the road to peace—an
international judicial service equally reliable as the postall

The coming mecting at the Ilague, now indefinitely postponed,
can only cunsider 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-
less task to establish an equitable basis of adjustment. Population,
naval strength, force of army, commercial importance, water-power,
or any other natural resource, actual or prospective, are equally un-
satisfactory standards to consider, '

In view of this difficulty 2 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 homcopathic 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 cerfain as the law of gravitation, should be all the more reck-
oned with, as it would be extremely demoralizing. Again, it is by no
means demonstrated that any combination of a few powers would
have sufficient authority.

To conquer by sheer force is becoming harder and harder every
day. Defensive is getting continuously the advantage of offensive,
as we progress in the satanic science of destruction. The new art
of controlling electrically the movements and operations of indi-
vidualized automata at a distance without wires, will soon enable any
country to render its coasts impregnable against all naval attacks.
It is to be regretted, in this connection, that my proposal to the
United States Navy four years ago, to introduce this invention, did
not receive the least encouragement. Also that my offer to Secre-
tary Long to establish telegraphic communication across the Pacific
Ocean by my wireless system was thrown in the naval waste
basket in Washington, quite sans facon. 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 exhibited. 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 Creesuses 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.



80

Not to speak of the advantages which might have been secured
through the direct and instantancous 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, upon 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 gquasi-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 seitle 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 misunderstandings in the broadest interpre-
tation of this term. Misunderstandings are always caused by the
inability of appreciating one another’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
a 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 doings of others by a sys-
tematic spread of gencral knowledge. With this object in view, it
is most important to aid exchange of thought and intercoursc.

Mutual understanding would be immensely facilitated by the usc
of one universal tongue. DBut 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 casiest 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-
cdge of mutual 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 anl 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 principally useful as an indispensable ingredient
of the cement of commercial interest, that most powerful binding
material between heterogeneous masses of humanity, . It would be
hard to overestimate the beneficial influence of the marvelous and
precise art of photography, nor can that of other arts or means of re-
cording be ignored. But a simple reflection will show that the peace-
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. Qur 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
all other conquests of man, without exception, that which is most
desirable, which would be most helpful in the establishment of uni-
versal peaceful relations is—the complete ANNIHILATION 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:
Disscmination of intelligence, transportation, and transmissiom of
power, .

Referring to the first, the present systems of telegraphic and
telephonic communication are very limited in scope. The conduct-
ing channels are costly and of small working capacity. There is
serious inductive disturbance, and storms render the service unsafe
which, moreover, .is too expensive: A vast improvement will be
effected by placing the wires underground and insulating them
artificially, by refrigeration. Their working capacity’ also could be
indefinitely augmented by resorting to the new principle of “in-
dividualization,” which | have more recently announced, permitting
the simultancous transmission of thousands of telegraphic and
tclephonic messages, without interference, over a single wire. The
public would be already profiting from these great advances were
it not for the stolid indifference of the-leading companies engaged
in the transmission of intelligence. But new concerns arc springing
into existence and the near future will witness a great transformation
along these two lines of invention. The submarine cables are subject
to still greater limitations. Some obstacles to rapid signaling, through
them, scem insuperable, The attempts to overcome these have been
numerous, but so far all have proved futile. The celebrated mathe-
matician, O. Heaviside, and several able electricians following in his
footsteps, have fallen into the singular error that rapid telegraphy and
cven telephony through occan cables wou'd Le 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 long
lines 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 a2 small number of stations.
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. It is therefore evident that the abolishment 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. The 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 in 1891, I have denied the commercial possibilities of the
system 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 (Electrician, London, February 27, 1903),
that some experimenters have abandoned all their own and have,
been “converted” to my methods and appliances, without my ap-
proval and officiation. I was both astonished and pained—astonished
at the nonchalance and lack of appreciation of these men, pained at
the inability exhibited in the construction and use of my apparatus.
My high hopes raised by that excellent journal, 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 conjectired.

Quite different conditions exist in my system in which the electro-
magnetic waves or radiations are designedly minimized. the con-
-nection.of one of  the terminals of the transmitting circuit to the
‘ground having, itself, the effect of reducing the energy of these radia-
tions to about one-half. Under observance of ‘proper rules and arti-
fices the distance is of little or no consequence, and by skillful appli-
cation of the principle of “individualization,” repeatediy referred to
the messages may be rendered both non-interfering and non-interfer-
able. This invention, which 1 have described in techmical publica-
tions, attempts to imitate, in a very crude way, the nervous system in
the human body.’ It was the outcome of long-continued tests demon-
strating the impossibility, of satisfying rigorous commercial require-
ments by my earlier system, based on simple tuning, in which the
selective quality is dependent on a single characteristic feature. In
this later improvenient the exclusiveness and non-interferability of
impulses transmitted through a common channel result from co-
operative association of a nwmber 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 the 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 of first generating clectricity 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 of this new type are making
‘their appearance. The ocean vessels are bound to follow. .An im-
mense and virgin field will be thus opened up to the manufacturers
of electric machinery. Effort towards saving time. and money
is characteristic of all modern methods of transportation. In
many of these new developments, the artificial insulation of the
high-tension mains by refrigeration will be very useful. 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
method 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 imotors with closed
coil armatures can Le 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-
lem 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
_inwade 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, )

That electrical energy can be economically transmitted without
wires to any terrestrial distance, I have unmistakably established
ih pumerous observations, experiments and measurcments, qualita-
twve and quantitative. These have demonstrated that it is practic-
alle to distribute power from a central plant in unlimited amounts,
with a luss not exceeding o small fraction of one per cent.' in the
transmission, even to the greatest distance, twelve thousand. miles—
Ao the opposite end of the globe. This seemingly impossible feat
esn now be readily performed Ly any electrician familiar with the
design and construction of my “high-potential magnifying trans-
mitter,” "the most marvelous electrical apparatus of which I have
knowledge, enubling the production of cffects of unlimited intensities
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in the earth and its ambiant atmosphere. It is, essentially, a freely
vibrating secondary circuit of definite length, very high self-induction
‘and small ‘resistance, which has one of its terminals in intimate direct
or inductive connection with the ground and the other with an ele-
vated conductor, gnd 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 more 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
square feet, and electrical disturbances in the natural media sur-
poassing those caused by. lightning, in itensity.

Whatever the future may bring, the universal application of these
great principles is fully assured, though it may be long in com-
ing. With the opening of the first power plant, incredulity will give
way to wonderment, and this to ingratitude, as ever before. The
time is not distant when the energy of falling water will be man's
life energy. So far only about three million horse-power have
been harnessed by my system of alternating-current transmission.
This is little, but corresponds, nevertheless, to the adding of sixty
million indefatigable laborers, working virtually without food and
pay, to the world’s population, The projects which have come to my

- own attention, however, contemplate the exploitation of water-
powers aggregating 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 deiectus!

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 result 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 ountgoing 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 of the globe, the current re-
quires a certain time interval, which I have approximately ascertained.
In yielding 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 given 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 \Wortp AND ENGINEER,
March 5, 1904), I have been since some time at work on designs
of a power plant 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 close of
next fall. We would then have at our disposal a unique and invalu-
able machine. Just this one oscillator would advance 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, conld be operated from that one ma-
chine. Universal time could be distributed by simple inexpensive
clocks requiring no attention and rumning with nearly mathematical
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 vessel at sen, the distance traversed, the speed, the hour at any
particular place, the latitude and longitude. Incaltulable commer-
cial advantages could be thus secured and countless accidents and
disasters avoided. Herc and there a house might be lighted or some
other work requiring a few horse-power performed. What is far
more important than this, flying machines might be driven in any
part of the world. 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 knowcdge that there is throbbing through the earth
energy readily available everywhere, would exert a strong stimulus .
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, 1809, 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! my first “world teleg-
raphy” plant is not yet completed, its construction has progressed
but slowly during the past two years. And this machine 1 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
fecble 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 designing? From which a current stronger than
that of a welding machine, under a tension of one hundred million
volts, is to rush through the earthl 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! . . . Itis not a dream, it is
a simple feat of sciemtific electrical emgineering, only expensive—
blind, faint-hearted, doubting world! . . . Humanity is not yet
sufficiently advanced to be willingly led by the discoverer's keen
searching sense. But who knows? Perhaps it is better in this
present world of ours that a revolutionary idea or invention instead
of being helped and patted, be hampered and 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 was
great in the past was ridiculed, condemned, combatted, suppressed—
only to emerge all the more powerfully, all the more triumphantly
from the struggle.
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Electrical World and Engineer
June 24, 1905, p. 1162

TESLA ON SUBWAY DANGERS

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, Tike 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 Qakley,
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: "Give us the best, regardless of expense."

It is to be regretted that this important pioneering enterprise, in other re-
spects ably managed and engineered, should have been treated with such gross neglect
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. "Das eben ist
der Fluch der boesen Thut, das sie fortzeugend Boeses muss gebaeren."

The danger to which I refer 1ies 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. 1 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 Tiberated.

Reprinted with permission. Reprinted from June 24, 1905, issue of Electrical Werld.
© Copyright 1905, McGraw-Hi11, Inc. A1l 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 1ife 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 possibility 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 nitrous 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 Secience
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 Tightning 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 Timits 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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New York Sun
July 16, 1905

TESLA ON THE PEARY NORTH POLE EXPEDITION.

To the Editor of the New York Sun:-

Everybody must have been pleased to Tearn 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 Tong 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
electrical 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 Toss 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 Tike an engine
running without load.

Next Tet 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 "individualiza-
tion," let your readers follow me a step further, and conceive the flow of energy
to any point can be controlled from the place where the pump is located at will,
and with equal facility and precision, regardless of distance, and, furthermore,
through a device such as the combination Tock 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 1inks
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 Tighter 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



92

Harvard Illustrated
March, 1907

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 WeekZly 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-
el1, 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 1ight 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,
1ike 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 "canals" owe their existence to a guiding intelligence. Their
great size is not a valid argument to the contrary. It would merely imply that
the Martians have harnessed the energy of waterfalls. We know of no other source
of power competent to explain such 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 me, 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 1like, 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

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 Dan1sh 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, 1ike myself, electrical discharges of 100 ft., far
surpassing lightning in some features of intensity and power.

In view of their 1imited Jovian experience, the programme outlined by the Danish
engineers is rather extensive, Lord Armstrong's vast resources notwithstanding.
Naturally enough, I shall Took with interest to their telephoning across the Atlan-
tic, supplying T1ight 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 1ightning" 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 1ighting 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 i1-
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 1ight stick out from his spine. As he stretches out the arms, thus forc-
ing the electric fluid outwardly, roaring tongues of fire leap from his fingertips.
Objects in his vicinity bristle with rays, emit musical notes, glow, grow hot. He
is the centre of still more curious actions, which are invisible. At each throb of
the electric force myriads of minute projectiles are shot off from him with such
velocities as to pass through the adjoining walls. He is in turn being violently
bombarded by the surrounding air and dust. He experiences sensations which are
indescribable. '

A layman, after witnessing this stupendous and incredible spectacle, will think
little of the second modest exhibit. But the expert will not be deceived. He re-
alizes at once that the second experiment is ever so much more difficult to perform
and immensely more consequential. He knows that to make the little filament glow,
the entire surface of the planet, two hundred million square miles, must be strongly
electrified. This calls for peculiar electrical activities, hundreds of times great-
er than those involved in the 1ighting 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 1ight 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 1like 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 tons of explosive, moves swiftly under water,
and is controlled with precision by an operator beyond the range of the largest
gun.

As to projecting wave-energy to any particular region of the globe, I have
given a clear description of the means in technical publications. Not only can
this be done by the use of my 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 will form parts of the regular wireless equipment of a railroad train. Suc-
cess in this sphere is all the more certain, as the new is not antagonistic, but, on
the contrary, very helpful to the old. The technical difficulties are minimized by
the employment of a transmitter the effectiveness of which is unimpaired by distance.
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In view of the great losses of life and property, improved safety devices on the
cars are urgently needed. But upon careful investigation it will be found that the
outlook in this direction is not very promising for the wireless art. In the first
place the railroads are rapidly changing to electric motive power, and in all such
cases the Tines 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 1iability
of collisions and other accidents will be greatly reduced. 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)OLA TESLA OBJECTS.

Thinks He Should Receive Credit for His Own Inventions.
To the Editor of The 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 Tecture on "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 Electrician, 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 scrupu?dusTy 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 Secience
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 notwithstanding,
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 1ikely to become a deciding factor in the near fu-
ture.

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

The telautomatic art is the result of endeavours to produce an automaton capable -
of moving and acting as if possessed of intelligence and distinct individuality.
Disconnected from its higher embodiment, an organism, such as a human being, is a
heat - or 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 1ight. 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
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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 Tive 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, ard
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 in 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 1b. with the initial velocity of
nearly 2,900 ft. per second, imparting to it the energy of 110,000,000 ft. 1b. 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 1/30th 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 1is 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 réegime 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, 1ike 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
1ifted, 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 1is 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 1imit 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 1b. of good smokeless powder would be
sufficient to impart to the Dreadnought's 850 1b. projectile the tremendous velocity
mentioned above, but it actually takes a charge of 250 1b. 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 Tength 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, surrounded 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 100 ft. 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'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 10th 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 flyving 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 1imits 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 Tike 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. All1 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 "magnifying transmitter"”, a machine with which I have
passed a current of one hundred amperes around the globe, with which I can make
the whole earth Toudly 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 admirers 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 1ittle 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.
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New York Daily Tribune
Oct. 25, 1907

TESLA ON WIRELESS.

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 electrical vibrations; I have, in this
special field, probably more experience than any of my contemporaries. That you
are not as yet able to impart your wisdom by wireless telephone to some subscriber
in any other part of the world, however remote, and that the presses of your val-
uable paper are not operated by wireless power is largely due to your own effort
and those of some of your distinguished confreres of this city, and to the effic-
ient assistance you have received from my celebrated colleagues, Thomas A. Edison
and Michael Pupin, assistant consulting wireless eng1neers 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, 1inear 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 "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 cou]d
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, ¢, and d. Then the
following individualized 1ines would be ab, ac, ad, bc, bd, cd, abc, abd, acd, bcd
and abcd. 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 York 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”; (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. :

"A 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.

"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.

"It is difficult for a layman to grasp how an electric current can be propagated
to distances of thousands of miles without diminution of intention. But it is sim-
ple after all. Distance is only a relative conception, a reflection in the mind of
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physical Timitation. A view of electrical phenomena must be free of this delusive
impression. However surprising, it is a fact that a sphere of the size of a little
marble offers a greater impediment to the passage of a current than the whole earth.
Every experiment, then, which can be performed with such a small sphere can like-
wise be carried out, and much more perfectly, with the immense globe on which we
live., This is not merely a theory, but a truth established in numerous and care-
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 Tike 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. AT1 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 Tike ever so many cables. Any apparatus,
then, which can be operated through one or more wires, at distances obviously 1imi-
ted, can Tikewise be worked without artificial conductors, and with the same facil-
ity and precision, at distances without T1imit 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
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N. Y. World
Jan. 5, 1908

NIKOLA TESLA'S FORECAST FOR 1908.

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 1links 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 Tittle 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 have been misunderstood. Allow
me to make a correction.

When I spoke of future warfare I meant that it should be conducted by direct
application of electrical waves without the use of aerial engines or other imple-
ments of destruction. This means, as [ 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-
1ing 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
colli