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Famous Scientific Illusions

Electrical Experimenter—February, 1919

The human brain, with all its wonderful capabilities and power, is far from being
a faultless apparatus. Most of its parts may be in perfect working order, but some
are atrophied, undeveloped or missing altogether. Great men of all classes and
professions-scientists, inventors, and hard-headed financiers — have placed
themselves on record with impossible theories, inoperative devices, and
unrealizable schemes. It is doubtful that there could be found a single work of
any one individual free of error. There is no such thing as an infallible brain.
Invariably, some cells or fibers are wasting or unresponsive, with the result of
impairing judgment, sense of proportion, or some other faculty. A man of genius
eminently practical, whose name is a household word, has wasted the best years
of his life in a visionary undertaking. A celebrated physicist was incapable of
tracing the direction of an electric current according to a childishly simple rule.
The writer, who was known to recite entire volumes by heart, has never been
able to retain in memory and recapitulate in their proper order the words
designating the colors of the rainbow, and can only ascertain them after long and
laborious thought, strange as it may seem.

Our organs of reception, too, are deficient and deceptive. As a semblance of life
is produced by a rapid succession of inanimate pictures, so many of our
perceptions are but trickery of the senses, devoid of reality. The greatest
triumphs of man were those in which his mind had to free itself from the
influence of delusive appearances. Such was the revelation of Buddha that self is
an illusion caused by the persistence and continuity of mental images: the
discovery of Copernicus that contrary to all observation, this planet rotates
around the sun; the recognition of Descartes that the human being is an
automaton, governed by external influence and the idea that the earth is
spherical, which led Columbus to the finding of this continent. And tho the
minds of individuals supplement one another and science and experience are



continually eliminating fallacies and misconceptions, much of our present
knowledge is still incomplete and unreliable. We have sophisms in mathematics
which cannot be disproved. Even in pure reasoning, free of the shortcomings of
symbolic processes, we are often arrested by doubt which the strongest
intelligences have been unable to dispel. Experimental science itself, most
positive of all, is not unfailing.

In the following I shall consider three exceptionally interesting errors in the
interpretation and application of physical phenomena which have for years
dominated the minds of experts and men of science.

I. The Illusion of the Axial Rotation of the Moon
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It is well known since the discovery of Galileo that the moon, in travelling thru
space, always turns the same face towards the earth. This is explained by stating
that while passing once around its mother-planet the lunar globe performs just
one revolution on its axis. The spinning motion of a heavenly body must
necessarily undergo modifications in the course of time, being either retarded by
remittances internal or external, or accelerated owing to shrinkage and other
causes. An unalterable rotational velocity thru all phases of planetary evolution
is manifestly impossible. What wonder, then, that at this very instant of its long
existence our satellite should revolve exactly so, and not faster or slower. But
many astronomers have accepted as a physical fact that such rotation takes place.
It does not, but only appears so; it is an illusion, a most surprising one, too.

I will endeavor to make this clear by reference to Fig. 1, in which E represents
the earth and M the moon. The movement thru space is such that the arrow,
firmly attached to the latter, always occupies the position indicated with
reference to the earth. If one imagines himself as looking



Fig. 2—Tesla's Conception of the Rotation of the Moon, M, Around
the Earth, Ej the Moon, In This Demonstration Hypothesis, Being
Conside as Embedded In a Solld Mass, M;. If, As Commonly
Believed, the Moon Rotates, This Would Be Equally True For a
Portion of the Mass My, and the Part Common to Both Bodles
Would Turn Simultaneously in ““Opposite” Directions.



down on the orbital plane and follows the motion he will become convinced that
the moon does turn on its axis as it travels around. But in this very act the
observer will have deceived himself. To make the delusion complete let him take
a washer similarly marked and supporting it rotatably in the center, carry it
around a stationary object, constantly keeping the arrow pointing towards the
latter. Tho to his bodily vision the disk will revolve on its axis, such movement
does not exist. He can dispel the illusion at once by holding the washer fixedly
while going around. He will now readily see that the supposed axial rotation is
only apparent, the impression being produced by successive changes of position
in space.

But more convincing proofs can be given that the moon does not, and cannot
revolve on its axis. With this object in view attention is called to Fig. 2, in which
both the satellite, M, and earth, E, are shown embedded in a solid mass, Mi,
(indicated by stippling) and supposed to rotate so as to impact to the moon its
normal translatory velocity. Evidently, if the lunar globe could rotate as
commonly believed, this would be equally true of any other portion of mass M1,
as the sphere M1, shown in dotted lines, and then the part common to both
bodies would have to turn simultaneously in opposite directions. This can be
experimentally illustrated in the manner suggested by using instead of one, two
overlapping rotatable washers, as may be conveniently represented by circles M
and M2, and carrying them around a center as E, so that the plain and dotted
arrows are always pointing towards the same center. No further argument is
needed to demonstrate that the two gyrations cannot co-exist or even be pictured
in the imagination and reconciled in a purely abstract sense.

The truth is, the so-called “axial rotation” of the moon is a phenomenon
deceptive alike to the eye and mind and devoid of physical meaning. It has
nothing in common with real mass revolution characterized by effects positive
and unmistakable. Volumes have been written on the subject and many
erroneous arguments advanced in support of the notion. Thus, it is reasoned, that
if the planet did not turn on its axis it would expose the whole surface to
terrestrial view; as only one-half is visible, it must revolve. The first statement is



true but the logic of the second is defective, for it admits of only one alternative.
The conclusion is not justified as the same appearance can also be produced in
another way. The moon does rotate, not on its own, but about an axis passing
thru the center of the earth, the true and only one.

The unfailing test of the spinning of a mass is, however, the existence of energy
of motion. The moon is not possessed of such vis viva. If it were the case then a
revolving body as M1 would contain mechanical energy other than that of which
we have experimental evidence. Irrespective of this so exact a coincidence
between the axial and orbital periods is, in itself, immensely improbable for this
is not the permanent condition towards which the system is tending. Any axial
rotation of a mass left to itself retarded by forces external or internal, must cease.
Even admitting its perfect control by tides the coincidence would still be
miraculous. But when we remember that most of the satellites exhibit this
peculiarity, the probability becomes infinitesimal.

Three theories have been advanced for the origin of the moon. According to the
oldest suggested by the great German philosopher Kant, and developed by
Laplace in his monumental treatise “Mécanique Céleste,” the planets have been
thrown off from larger central masses by centrifugal force. Nearly forty years
ago Prof. George H. Darwin in a masterful essay on tidal friction furnished
mathematical proofs, deemed unrefutable, that the moon had separated from the
earth. Recently this established theory has been attacked by Prof. T. J. J. See in a
remarkable work on the “Evolution of the Stellar Systems,” in which he
propounds, the view that centrifugal force was altogether inadequate to bring
about the separation and that all planets, including the moon, have come from
the depths of space and have been captured. Still a third hypothesis of unknown
origin exists which has been examined and commented upon by Prof. W. H.
Pickering in “Popular Astronomy of 1907,” and according to which the moon
was torn from the earth when the later was partially solidified, this accounting
for the continents which might not have been formed otherwise.

Undoubtedly planets and satellites have originated in both ways and, in my



opinion, it is not difficult to ascertain the character of their birth. The following
conclusions can be safely drawn:

1. A heavenly body thrown off from a larger one cannot rotate on its axis. The
mass, rendered fluid by the combined action of heat and pressure, upon the
reduction of the latter immediately stiffens, being at the same time deformed by
gravitational pull. The shape becomes permanent upon cooling and solidification
and the smaller mass continues to move about the larger one as tho it were
rigidly connected to it except for pendular swings or librations due to varying
orbital velocity. Such motion precludes the possibility of axial rotation in the
strictly physical sense. The moon has never spun around as is well demonstrated
by the fact that the most precise measurements have failed to show any
measurable flattening in form.

2. If a planetary body in its orbital movement turns the same side towards the
central mass this is a positive proof that it has been separated from the latter and
is a true satellite.

3. A planet revolving on its axis in its passage around another cannot have been
thrown off from the same but must have been captured.

I1. The Fallacy of Franklin’s Pointed Lightning-Rod

The display of atmospheric electricity has since ages been one of the most
marvelous spectacles afforded to the sight of man. Its grandeur and power filled
him with fear and For centuries he attributed lightning to agents god like and
supernatural and its purpose in the scheme of this universe remained unknown to
him. Now we have learned that the waters of the ocean are raised by the sun and
maintained in the atmosphere delicately suspended, that they are waited to
distant regions of the globe where electric forces assert themselves in upsetting



the sensitive balance and causing precipitation, thus sustaining all organic life.
There is every reason to hope that man will soon be able to control this life-
giving flow of water and thereby solve many pressing problems of his existence.

Atmospheric electricity became of scientific interest in Franklin’s time. Faraday
had not yet announced his epochal discoveries in magnetic induction but static
frictional machines were already generally used in physical laboratories.
Franklin’s powerful mind and once leaped to the conclusion that frictional and
atmosphere electricity were identical. To our present view this inference appears
obvious, but in his presence mere thought of it was little short of blasphemy. He
investigated the phenomena and argued that if they were of the same nature then
the clouds could be drained of their energy exactly as the ball of a static
machine, and in 1749 he indicated in a published memoir how this could be done
by the use of pointed metal rods.

The earliest trials were made by Dalibrand in France, but Franklin himself was
the first to obtain a spark by using a kite, in June, 1752. When these atmospheric
discharges manifest themselves today in our wireless station we feel annoyed
and wish that they would stop, but to the man who discovered them they brought
tears of joy.
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The lightning conductor in its classical form was invented by Benjamin Franklin
in 1755 and immediately upon its adoption proved a success to a degree. As
usual, however, its virtues were often exaggerated. So, for instance, it was
seriously claimed that in the city of Piatermaritzburg (capital of Natal, South
Africa) no lightning strokes occurred after the pointed rods were installed, altho
the storms were as frequent as before. Experience has shown that just the
opposite is true. A modern city like New York, presenting innumerable sharp
points and projections in good contact with the earth, is struck much more often
than equivalent area of land. Statistical records, carefully compiled and
published from time to time, demonstrate that the danger from lightning to
property and life has been reduced to a small percentage by Franklin’s invention,
but the damage by fire amounts, nevertheless, to several million dollars annually.
It is astonishing that this device, which has been in universal use for more than
one century and a half, should be found to involve a gross fallacy in design and
construction which impairs its usefulness and may even render its employment
hazardous under certain conditions.

For explanation of this curious fact I may first refer to Fig. 3, in which s is a
metallic sphere of radius r, such as the capacity terminal of a static machine,
provided with a sharply pointed pin of length h, as indicated. It is well known
that the latter has the property of quickly dissipating the accumulated charge into
the air. To examine this action in the light of present knowledge we may liken
electric potential to temperature. Imagine that sphere s is heated to T degrees and
that the pin or metal bar is a perfect conductor of heat so that its extreme end is
at the same temperature T. Then if another sphere of larger radius, v1, is drawn
about the first and the temperature along this boundary is T1, it is evident that
there will be between the end of the bar and its surrounding a difference

Suppose now that a sphere S of much larger radius is employed containing a
charge Q this difference of potential will be, analogously . According to
elementary principles of electro-statics the potentials of the two spheres s and S
will be equal if in which case . Thus the difference of potential between the point
of the pin and the medium around the same will be smaller in the ratio when the



large sphere is used. In many scientific tests and experiments this important
observation has been disregarded with the result of causing serious errors. Its
significance is that the behavior of the pointed rod entirely depends on the linear
dimensions of the electrified body. Its quality to give off the charge may be
entirely lost if the latter is very large. For this reason, all points or projections on
the surface of a conductor of such vast dimensions as the earth would be quite
ineffective were it not for other influences. These will be elucidated with
reference to Fig. 4, in which our artist of the Impressionist school has
emphasized Franklin’s notion that his rod was drawing electricity from the
clouds. If the earth were not surrounded by an atmosphere which is generally
oppositely charged it would behave, despite all its irregularities of surface, like a
polished sphere. But owing to the electrified masses of air and cloud the
distribution is greatly modified. Thus in Fig. 4. the positive charge of the cloud
induces in the earth an equivalent of opposite charge, the density at the surface
of the latter diminishing with the cube of the distance from the static center of
the cloud. A brush discharge is then formed at the point of the rod and the action
Franklin anticipated takes place. In addition, the surrounding air is ionized and
rendered conducting and, eventually, a bolt may hit the building or some other
object in the vicinity. The virtue of the pointed end to dissipate the charge, which
was uppermost in Franklin’s mind is, however, infinitesimal. Careful
measurements show that it would take many years before the electricity stored in
a single cloud of moderate site would be drawn off or neutralized thru suck a
lightning conductor. The grounded rod has the quality of rendering harmless
most of the strokes it receives, tho occasionally the charge is diverted with
damaging results. But, what is very important to note, it invites danger and
hazard on account of the fallacy involved in its



Fig. 4. Tesla Explains the Fallacy of the
Franklin Polnted Lightning Rod, Here lllus-
trated, and Shows that Usually Such a Rod
Could Not Draw Off the Electricity In a Sin-
le Cloud In Many Years. The De of the
ots Indicates the Intensity of the Charges.




design. The sharp point which was thought advantageous and indispensable to its
operation, is really a defect detracting considerably from the practical value of
the device. I have produced a much improved form of lightning protector
characterized by the employment of a terminal of considerable area and large
radius of curvature which makes impossible undue density of the charge and
ionization of the air. (These protectors act as quasi-repellents and so far have
never been struck tho exposed a long time. Their safety is experimentally
demonstrated to greatly exceed that invented by Franklin. By their use property
worth millions of dollars which is now annually lost, can be saved.

II1. The Singular Misconception of the Wireless

To the popular mind this sensational advance conveys the impression of a single
invention but in reality it is an art, the successful practice of which involves the
employment of a great many discoveries and improvements. I viewed it as such
when I undertook to solve wireless problems and it is due to this fact that my
insight into its underlying principles was clear from their very inception.

In the course of development of my induction motors it became desirable to
operate them at high speeds and for this purpose I constructed alternators of
relatively high frequencies. The striking behavior of the currents soon captivated
my attention and in 1889 I started a systematic investigation of their properties
and the possibilities of practical application. The first gratifying result of my
efforts in this direction was the transmission of electrical energy thru one wire
without return, of which I gave demonstrations in my lectures and addresses
before several scientific bodies here and abroad in 1891 and 1892. During that
period, while working with my oscillation transformers and dynamos of
frequencies up to 200,000 cycles per second, the idea gradually took hold of me
that the earth might be used in place of the wire, thus dispensing with artificial
conductors altogether. The immensity of the globe seemed an unsurmountable
obstacle but after a prolonged study of the subject I became satisfied that the
undertaking was rational, and in my lectures before the Franklin Institute and



National Electric Light Association early in 1893 I gave the outline of the
system I had conceived. In the latter part of that year, at the Chicago World’s
Fair, I had the good fortune of meeting Prof. Helmholtz to whom I explained my
plan, illustrating it with experiments. On that occasion I asked the celebrated
physicist for an expression of opinion on the feasibility of the scheme. He stated
unhesitatingly that it was practicable, provided I could perfect apparatus capable
of putting it into effect but this, he anticipated, would be extremely difficult to
accomplish.

I resumed the work very much encouraged and from that date to 1896 advanced
slowly but steadily, making a number of improvements the chief of which was
my system of concatenated tuned circuits and method of regulation, now
universally adopted. In the summer of 1897 Lord Kelvin happened to pass thru
New York and honored me by a visit to my laboratory where I entertained him
with demonstrations in support of my wireless theory. He was fairly carried
away with what he saw but, nevertheless, condemned my protect in emphatic
terms, qualifying it as something impossible, “an illusion and a snare.” I had
expected his approval and was pained and surprised. But the next day he
returned and gave me a better opportunity for explanation of the advances I had
made and of the true principles underlying the system I had evolved. Suddenly
he remarked with evident astonishment: “Then you are not making use of Hertz
waves?” “Certainly not,” I replied, “these are radiations.” No energy could be
economically transmitted to a distance by any such agency. In my system the
process is one of true conduction which, theoretically, can be effected at the
greatest distance without appreciable loss.” I can never forget the magic change
that came over the illustrious philosopher the moment he freed himself from that
erroneous impression. The skeptic who would not believe was suddenly
transformed into the warmest of supporters. He parted from me not only
thoroughly convinced of the scientific soundness of the idea but strongly
expressed his confidence in its success. In my exposition to him I resorted to the
following mechanical analogues of my own and the Hertz wave system.

Imagine the earth to be a bag of rubber filled with water, a small quantity of
which is periodically forced in and out of the same by means of a reciprocating
pump, as illustrated. If the strokes of the latter are effected in intervals of more



than one hour and forty-eight minutes, sufficient for the transmission of the
impulse thru the whole mass, the entire bag will expand and contract and
corresponding movements will be imparted to pressure gauges or movable
pistons with the same intensity, irrespective of distance. By working the pump
faster, shorter waves will be produced which, on reaching the opposite end of the
bag, may be reflected and give rise to stationary nodes and loops, but in any
case, the fluid being incompressible, its inclosure perfectly elastic, and the
frequency of oscillations not very high, the energy will be economically
transmitted and very little power consumed so long as no work is done in the
receivers. This is a crude but correct representation of my wireless system in
which, however, I resort to various refinements. Thus, for instance, the pump is
made part of a resonant system of great inertia, enormously magnifying the force
of the impressed impulses. The receiving devices are similarly conditioned and
in this manner the amount of energy collected in them vastly increased.
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The Hertz wave system is in many respects the very opposite of this. To explain
it by analogy, the piston of the pump is assumed to vibrate to and fro at a terrific
rate and the orifice thru which the fluid passes in and out of the cylinder is
reduced to a small hole. There is scarcely any movement of the fluid and almost
the whole work performed results in the production of radiant heat, of which an
infinitesimal part is recovered in a remote locality. However incredible, it is true
that the minds of some of the ablest experts have been from the beginning, and
still are, obsessed by this monstrous idea, and so it comes that the true wireless
art, to which I laid the foundation in 1893, has been retarded in its development
for twenty years. This is the reason why the “statics” have proved
unconquerable, why the wireless shares are of little value and why the
Government has been compelled to interfere.

We are living on a planet of well-nigh inconceivable dimensions, surrounded by
a layer of insulating air above which is a rarefied and
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conducting atmosphere (Fig. 5). This is providential, for if all the air were
conducting the transmission of electrical energy thru the natural media would be
impossible. My early experiments have shown that currents of high frequency
and great tension readily pass thru an atmosphere but moderately rarefied, so
that the insulating stratum is reduced to a small thickness as will be evident by
inspection of Fig. 6, in which a part of the earth and its gaseous envelope is
shown to scale. If the radius of the sphere is 12 %5,” then the non-conducting
layer is only 1/64" thick and it will be obvious that the Hertzian rays cannot
traverse so thin a crack between two conducting surfaces for any considerable
distance, without being absorbed. The theory has been seriously advanced that
these radiations pass around the globe by successive reflections, but to show the
absurdity of this suggestion reference is made to Fig. 7 in which this process is
diagrammatically indicated. Assuming that there is no



EAR™

MOON'S BHADOW JUST TOUCHING; BPREADS OVER THE EARTHE SURFACE
WITH INFINITE SPEED

- — -

- e T N TR e e ST

s
i L ST R ——

Piane OF ecueTic: BHADDW O
JPASRER OMER _THE EARTH ___BW
E;L'H IT6 TRUE VELDCITY

B ——— & e

MOONS ExaD0wW LEAVING THE
EARTH -HMIH.EHFEE-E Elhlﬁ INFIMITE

T R e
- o

i ——— 7

qu. 8. ~=This Diagram (llustrates How, During a Selar Eclipss, the Moon's Shadow
Pagses Over the Earth With Changing Velocity, and Should Be Studied in Connec-
tion With Fig. 5. The Shadow Moves Downward With Infinite Velacily at First,
Then With Its True Velocity Thru Space, and Finally With Infinite Velocity Again.



refraction, the rays, as shown on the right, would travel along the sides of a
polygon drawn around the solid, and inscribed into the conducting gaseous
boundary in which case the length of the side would be about 400 miles. As one-
half the circumference of the earth is approximately 12,000 miles long there will
be, roughly, thirty deviations. The efficiency of such a reflector cannot be more
than 25 per cent, so that if none of the energy of the transmitter were lost in other
ways, the part recovered would be measured by the fraction (4)” Let the
transmitter radiate Hertz waves at the rate of 1,000 kilowatts. Then about one
hundred and fifteen billionth part of one watt is all that would be collected in a
perfect receiver. In truth, the reflections would be much more numerous as
shown on the left of the figure, and owing to this and other reasons, on which it
is unnecessary to dwell, the amount recovered would be a vanishing quantity.

Consider now the process taking place in the transmission by the
instrumentalities and methods of my invention. For this purpose attention is
called to Fig. 8, which gives an idea of the mode of propagation of the current
waves and is largely self-explanatory. The drawing represents a solar eclipse
with the shadow of the moon just touching the surface of the earth at a point
where the transmitter is located. As the shadow moves downward it will spread
over the earth’s surface, first with infinite and then gradually diminishing
velocity until at a distance of about 6,000 miles it will attain its true speed in
space. From there on it will proceed with increasing velocity, reaching infinite
value at the opposite point of the globe. It hardly need be stated that this is
merely an illustration and not an accurate representation in the astronomical
sense.



Thiry Wordl Tt luctrical Signale. Av Woil &4 [lgk0 ind Fywir, 1) Wik Dllimsrand in Thery, Anniegy 1t

wl mmm ﬂﬁﬂﬂ ﬁnﬁm M mﬁ il 'Elluu il ¥ Have Demsntroted That the erfs Wovm

ikl b Efmd omd Unrmesmrable; ik Meemerabn Cremd Wowny of Twip Tlp “Theu Ghn Ewdd!, Madin Engimmain Rri

Grudually Beganig 1i s (i Laght sl RN hi u-ur lm..u.n Lill Dl by Tisha Ovwe i Qi of i Camiey A Fismi tha
T

Riil i T B wirtloni Trammmlailen Te-Dus,



The exact law will be readily understood by reference to Fig. 9, in which a
transmitting circuit is shown connected to earth and to an antenna. The
transmitter being in action, two effects are produced: Hertz waves pass thru the
air, and a current traverses the earth. The former propagate with the speed of
light and their energy is unrecoverable in the circuit. The latter proceeds with the
speed varying as the cosecant of the angle which a radius drawn from any point
under consideration forms with the axis of symmetry of the waves. At the origin
the speed is infinite but gradually diminishes until a quadrant is traversed, when
the velocity is that of light. From there on it again increases, becoming infinite at
the antipole. Theoretically the energy of this current is recoverable in its entirety,
in properly attuned receivers.

Some experts, whom I have credited with better knowledge, have for years
contended that my proposals to transmit power without wires are sheer nonsense
but I note that they are growing more cautious every day. The latest objection to
my system is found in the cheapness of gasoline. These men labor under the
impression that the energy flows in all directions and that, therefore, only a
minute amount can be recovered in any individual receiver. But this is far from
being so. The power is conveyed in only one direction, from the transmitter to
the receiver, and none of it is lost elsewhere. It is perfectly practicable to recover
at any point of the globe energy enough for driving an airplane, or a pleasure
boat or for lighting a dwelling. I am especially sanguine in regard to the lighting
of isolated places and believe that a more economical and convenient method
can hardly be devised. The future will show whether my foresight is as accurate
now as it has proved heretofore.



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

New York Tribune — Feb. 23, 1919

Sirs:

In your article of February 2, Mr. Charles E. Manierre, commenting upon my
article in “The Electrical Experimenter” for February, which appeared in The
Tribune of January 26, suggests that I give a definition of axial rotation.

I intended to be explicit on this point, as may be judged from the following
quotation: “The unfailing test of the spinning of a mass is, however, the
existence of energy of motion. The moon is not possessed of such vis viva.” By
this I meant that “axial rotation” is not simply “rotation upon an axis” as
nonchalantly defined in dictionaries, but is circular motion in the true physical
sense - that is, one in which half the product of the mass with the square of
velocity is a definite and positive quantity.

The moon is a nearly spherical body, of a radius of about 1,081.5 miles, from
which I calculate its volume to be approximately 5,300,216,300 cubic miles.
Since its mean density is 3.27, one cubic foot of material composing it weighs
close to 205 pounds. Accordingly, the total weight of the satellite is about
79,969,000,000, 000,000,000,000 and its mass 2,483,500,000,000,000,000
terrestrial short tons. Assuming that the moon does physically rotate upon its
axis, it performs one revolution in 27 days 7 hours 43 minutes and 11 seconds, or
2,360,591 seconds. If, in conformity with mathematical principles, we imagine
the entire mass concentrated at a distance from the center equal to two-fifths of



the radius, then the calculated rotational velocity is 3.04 feet per second, at
which the globe would contain 11,474,000,000,000,000,000 short foot tons of
energy, sufficient to run 1,000,000, 000 horsepower for a period of 1,323 years.
Now, I say that there is not enough energy in the moon to run a delicate watch.

In astronomical treatises usually the argument is advanced that “if the lunar
globe did not turn upon its axis it would expose all parts to terrestrial view. As
only a little over one-half is visible it must rotate.” But this inference is
erroneous, for it admits of one alternative. There are an infinite number of axes
besides its own on each of which the moon might turn and still exhibit the same
peculiarity.

I have stated in my article that the moon rotates about an axis, passing through
the center of the earth, which is not strictly true, but does not vitiate the
conclusions I have drawn. It is well known, of course, that the two bodies
revolve around a common center of gravity which is at a distance of a little over
2,899 miles from the earth’s center.

Another mistake in books on astronomy is made in considering this motion
equivalent to that of a weight whirled on a string or in a sling. In the first place,
there is an essential difference between these two devices though involving the
same mechanical principle. If a metal ball attached to a string is whirled around
and the latter breaks an axial rotation of the missile results which is definitely
related in magnitude and direction to the motion preceding. By way of
illustration: If the ball is whirled on the string clockwise, ten times a second,
then when it flies off it will rotate on its axis twenty times a second, likewise in
the direction of the clock. Quite different are the conditions when the ball is
thrown from a sling. In this case a much more rapid rotation is imparted to it in
the opposite sense. There is not true analogy to these in the motion of the moon.
If the gravitational string, as it were, would snap, the satellite would go off in a
tangent without the slightest swerving or rotation, for there is no momentum
about the axis and, consequently, no tendency whatever to spinning motion.



Mr. Manierre is mistaken in his surmise as to what would happen if the earth
were suddenly eliminated. Let us suppose that this would occur at the instant
when the moon is in opposition. Then it would continue on its elliptical path
around the sun, presenting to it steadily the face which was always exposed to
the earth. If, on the other hand, the latter would disappear at the moment of
conjunction, the moon would gradually swing around through 180 degrees and,
after a number of oscillations, revolve again with the same face to the sun. In
either case there would be no periodic changes, but eternal day and night,
respectively, on the sides turned toward and away from the luminary.

Nikola Tesla



The Moon’s Rotation

Electrical Experimenter — April, 1919

Since the appearance of my article entitled the “Famous Scientific Illusions” in
your February issue, I have received a number of letters criticizing the views I
expressed regarding the moon’s “axial rotation.” These have been partly
answered by my statement to the New York Tribune of February 23, which allow

me to quote:

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

I intended to be explicit on this point as may be judged from the following
quotation: “The unfailing test of the spinning of a mass is, however, the
existence of energy of motion. The moon is not possessed of such vis viva.” By
this I meant that “axial rotation” is not simply “rotation upon an axis
nonchalantly defined in dictionaries, but is a circular motion in the true physical
sense—that is, one in which half the product of the mass with the square of
velocity is a definite and positive quantity. The moon is a nearly spherical body,
of a radius of about 1,087.5 miles, from which I calculate its volume to be
approximately 5,300,216,300 cubic miles. Since its mean density is 327, one
cubic foot of material composing it weighs close on 205 lbs. Accordingly, the
total weight of the satellite is about 79,969,000,000,000,000,000, and its mass
2,483,500,000,000,000,000 terrestrial short tons. Assuming that the moon does
physically rotate upon its axis, it performs one revolution in 27 days, 7 hours, 43
minutes and 11 seconds, or 2,360,591 seconds. If, in conformity with
mathematical principles, we imagine the entire mass concentrated at a distance
from the center equal to two-fifths of the radius, then the calculated rotational



velocity is 3.04 feet per second, at which the globe would contain
11,474,000,000,000,000,000 short foot tons of energy sufficient to run
1,000,000,000 horsepower for a period of 1,323 years. Now, I say, that there is
not enough of that energy in the moon to run a delicate watch.

In astronomical treaties usually the argument is advanced that “if the lunar globe
did not turn upon its axis it would expose all parts to terrestrial view. As only a
little over one-half is visible it must rotate.” But this inference is erroneous, for it
only admits of one alternative. There are an infinite number of axis besides its
own in each of which the moon might turn and still exhibit the same peculiarity.

I have stated in my article that the moon rotates about an axis passing thru the
center of the earth, which is not strictly true, but it does not vitiate the
conclusions I have drawn. It is well known, of course, that the two bodies
revolve around a common center of gravity, which is at a distance of a little over
2,899 miles from the earth’s center.

Another mistake in books on astronomy is made in considering this motion
equivalent to that of a weight whirled on a string or in a sling. In the first place
there is an essential difference between these two devices tho involving the same
mechanical principle. If a metal ball, attached to a string, is whirled around and
the latter breaks, an axial rotation of the missile results which is definitely
related in magnitude and direction to the motion preceding. By way of
illustration—if the ball is whirled on the string clockwise ten times per second,
then when it flies off, it will rotate on its axis ten times per second, likewise in
the direction of a clock. Quite different are the conditions when the ball is
thrown from a sling. In this case a much more rapid rotation is imparted to it in
the opposite sense. There is no true analogy to these in the motion of the moon.
If the gravitational string, as it were, would snap, the satellite would go off in a
tangent without the slightest swerving or rotation, for there is no moment about
the axis and, consequently, no tendency whatever to spinning motion.



Mr. Manierre is mistaken in his surmise as to what would happen if the earth
were suddenly eliminated. Let us suppose that this would occur at the instant
when the moon is in opposition. Then it would continue on its elliptical path
around the sun, presenting to it steadily the face which was always exposed to
the earth. If, on the other hand, the latter would disappear at the moment of
conjunction, the moon would gradually swing around thru 180 and, after a
number of oscillations, revolve, again with the same face to the sun. In either
case there would be no periodic changes but eternal day and night, respectively,
on the sides turned towards, and away from, the luminary.

Some of the arguments advanced by the correspondents are ingenious and not a
few comical. None, however, are valid.

One of the writers imagines the earth in the center of a circular orbital plate,
having fixedly attached to its peripteral portion a disk-shaped moon, in frictional
or geared engagement with another disk of the same diameter and freely
rotatable on a pivot projecting from an arm entirely independent of the planetary
system. The arm being held continuously parallel to itself, the pivoted disk, of
course, is made to turn on its axis as the orbital plate is rotated. This is a well-
known drive, and the rotation of the. pivoted disk is as palpable a fact as that of
the orbital plate. But. the moon in this model only revolves about the center of
the system without the slightest angular displacement on its own axis. The same
is true of a cart-wheel to which this writer refers. So long as it advances on the
earth’s surface it turns on the axle in the true physical sense; when one of its
spokes is always kept in a perpendicular position the wheel still revolves about
the earth’s center, but axial rotation has ceased. Those who think that it then still
exists are laboring under an illusion.






Fig. 1. — If You Still Think That the Moon Rotate on Its Axis, Look at This
Diagram and

Follow Closely the Successive Positions Taken by One of the Balls M

While It is Rotated by a Spoke of the Wheel. Substitute Gravity for the

Spoke and the Analogy Solves the Moon Rotation Riddle.

An obvious fallacy is involved in the following abstract reasoning. The orbital
plate is assumed to gradually shrink, so that finally the centers of the earth and
the satellite coincide when the latter revolves simultaneously about its own and
the earth’s axis. We may reduce the earth to a mathematical point and the
distance between the two planets to the radius of the moon without affecting the
system in principle, but a further diminution of the distance is manifestly absurd
and of no bearing on the question under consideration.

In all the communications I have received, tho different in the manner of
presentation, the successive changes of position in space are mistaken for axial
rotation. So, for instance, a positive refutation of my arguments is found in the
observation that the moon exposes all sides to other planets! It revolves, to be
sure, but none of the evidences is a proof that it turns on its axis. Even the well-
known experiment with the Foucault pendulum, altho exhibiting similar
phenomena as on our globe, would merely demonstrate a motion of the satellite
about some axis. The view I have advanced is Not based on a theory but on facts
demonstrable by experiment. It is not a matter of definition as some would have
it. A Mass Revolving on its Axis Must Be Possessed of Momentum. If it has
none, there is no axial rotation, all appearances to the contrary notwithstanding.



A few simple reflections based on well established mechanical principles will
make this clear. Consider first the case of two equal weights w and w1, in Fig. 1,
whirled about the center O on a string s as shown. Assuming the latter to break
at a both weights will fly off on tangents to their circles of gyration, and, being
animated with different velocities, they will rotate around their common center
of gravity o. If the weights are whirled n times per second then the speed of the
outer and the inner one will be, respectively, V=2 ® +r)nand V1 =2 p (R—1)
n, and the difference V—V1 =4 p r n, will be the length of the circular path of
the outer weight. Inasmuch, however, as there will be equalization of the speeds
until the mean value is attained, we shall have , N being the number of
revolutions per second of the weights around their center of gravity. Evidently
then, the weights continue to rotate at the original rate and in the same direction.
I know this to be a fact from actual experiments. It also follows that a ball, as
that shown in the figure, will behave in a similar manner for the two half-
spherical masses can be concentrated at their centers of gravity and m and m1,
respectively, which will be at a distance from o equal to 3/8 r.

This being understood, imagine a number of balls M carried by as many spokes
S radiating from a hub H, as illustrated in Fig. 2, and let this system be rotated n
times per second around center O on frictionless bearings. A certain amount of
work will be required to bring the structure to this speed, and it will be found
that it equals exactly half the product of the masses with the square of the
tangential velocity. Now if it be true that the moon rotates in reality on its axis
this must also hold good for each of the balls as it performs the same kind of
movement. Therefore, in imparting to the system a given velocity, energy must
have been used up in the axial rotation of the balls. Let M be the mass of one of
these and R the radius of gyration, then the rotational energy will be E = 12M
(2pRn)2. Since for one complete turn of the wheel every ball makes one
revolution on its axis, according to the prevailing theory, the energy of axial
rotation of each ball will be e = %M (2p r1 n)?, rl being the radius of gyration
about the axis and equal to 0.6325 r. We can use as large balls as we like, and so
make e a considerable percentage of £ and yet, it is positively established by
experiment that each of the rotating balls contain only the energy E, no power
whatever being consumed in the supposed axial rotation, which is, consequently,
wholly illusionary. Something even more interesting may, however, be stated. As



I have shown before, a ball flying off will rotate at the rate of the wheel and in
the same direction. But this






Fig. 2. — Diagram Illustrating the Rotation of Weights Thrown On By
Centrifugal Force

whirling motion, unlike that of a projectile, neither adds to, nor detracts from,
the energy of the translatory movement which is exactly equal to the work
consumed in giving to the mass the observed velocity.

From the foregoing it will be seen that in order to make one physical revolution
on its axis the moon should have twice its present angular velocity, and then it
would contain a quantity of stored energy as given in my above letter to the New
York Tribune, on the assumption that the radius of gyration is 2/5 that of figure.
This, of course, is uncertain, as the distribution of density in the interior is
unknown. But from the character of motion of the satellite it may be concluded
with certitude that it is devoid of momentum about its axis. If it be bisected by a
plane tangential to the orbit, the masses of the two halves are inversely as the
distances of their centers of gravity from the earth’s center and, therefore, if the
latter were to disappear suddenly, no axial rotation, as in the case of a weight
thrown off, would ensue.

We believe the accompanying illustration and its explanation will dispel all
doubts as to whether the moon rotates on its axis or not. Each of the balls, as M,
depicts a different position of, and rotates exactly like, the moon keeping always
the same face turned towards the center O, representing the earth.

But as you study this diagram, can you conceive that any of the balls turn on
their axis? Plainly this is rendered physically impossible by the spokes. But if
you are still unconvinced, Mr. Tesla’s experimental proof will surely satisfy you.
A body rotating on its axis must contain rotational energy. Now it is a fact, as
Mr. Tesla shows, that no such energy is imparted to the ball as, for instance, to a
projectile discharged from a gun. It is therefore evident that the moon, in which



the gravitational attraction is substituted for a spoke, cannot rotate on its axis or,
in other words, contain rotational energy. If the earth’s attraction would
suddenly cease and cause it to fly off in a tangent, the moon would have no other
energy except that of translatory movement, and it would not spin like the ball.

—Editor.



Signals to Mars Based on Hope of Life on Planet

New York Herald — Sunday, Oct. 12, 1919

The idea that other planets are inhabited by intelligent beings might be traced to
the very beginnings of civilization. This, in itself, would have little significance,
for many of the ancient beliefs had their origin in ignorance, fear or other
motives - good or evil, and were nothing more than products of untrained or
tortured imagination. But when a conception lives through ages in the minds,
growing stronger and stronger with increasing knowledge and intellectual
development, it may be safely concluded that there is a solid truth underlying the
instinctive perception. The individual is short lived and erring; man, relatively
speaking, is imperishable and infallible. Even the positive evidences of the sense
and the conclusions of science must be hesitatingly accepted when they are
directed against the testimony of the entire body of humanity and the experience
of centuries.

Modern investigation has disclosed the fact that there are other worlds, situated
much the same as ours, and that organic life is bound to develop wherever there
is heat, light and moisture. We know now that such conditions exist on
innumerable heavenly bodies. In the solar system, two of these are particularly
conspicuous — Venus and Mars. The former is, in many respects like the earth
and must undoubtedly be the abode of some kind of life, but as to this we can
only conjecture, for the surface is hidden from our view by a dense atmosphere.
The latter planet can be readily observed and its periodic changes, which have
been exhaustively studied by the late Percival Lowell, are a strong argument in
support of the supposition that it is populated by a race vastly superior to ours in
the mastery of the forces of nature

If such be the case then all that we can accomplish on this globe is of trifling



importance as compared with the perfection of means putting us in possession of
the secrets they must have discovered in their struggle against merciless
elements. What a tragedy it would be were we to find some day that this
wonderful people had finally met its inevitable fate and that all the precious
intelligence they might have and, perhaps, had tried to convey to us, was lost.
But although scientific research during the last few decades has given substance
to the traditional belief, no serious attempt to establish communication could
have been made until quite recently for want of proper instrumentalities.

Light Ray Project.

Long ago it was proposed to employ rays of light for this purpose and a number
of men of science had devised specific plans which were discussed in the
periodicals from time to time. But a careful examination shows that none of
them is feasible, even on the assumption that the interplanetary space is devoid
of gross matter, being filled only with a homogeneous and inconceivably tenuous
medium called the ether. The tails of comets and other phenomena, however,
would seem to disprove the theory, so that the successful exchange of signals by
that kind of agency is very improbable.

While we can clearly discern the surface of Mars, it does not follow that the
reverse is true. In perfect vacuum, of course, a parallel beam of light would be
ideally suited for the transmission of energy in any amount for, theoretically, it
could pass through infinite distance without any diminution of intensity.
Unfortunately, this as well as other forms of radiant energy are rapidly absorbed
in traversing the atmosphere.

It is possible that a magnetic force might be produced on the earth sufficient to
bridge the gap of 50,000,000 miles and, in fact, it has been suggested to lay a
cable around the globe with the object of magnetizing it. But certain electrical
observations I made in studying terrestrial disturbances prove conclusively that
there can not be much iron or other magnetic bodies in the earth beyond the



insignificant quantity in the crust. Everything indicates that it is virtually a ball
of glass and it would require many energizing turns to produce perceptible
effects at great distance in this manner. Moreover, such an undertaking would be
costly and, on account of the low speed of the current through the cable, the
signaling would be extremely slow.

The Miracle Performed.

Such was the state of things until twenty years ago when a way was found to
perform this miracle. It calls for nothing more than a determined effort and a feat
in electrical engineering which, although difficult, is certainly realizable.

In 1899 I undertook to develop a powerful wireless transmitter and to ascertain
the mode in which the waves were propagated through the earth. This was
indispensable in order to apply my system intelligently for commercial purposes
and, after careful study, I selected the high plateau of Colorado (6,000 feet above
sea level) for the plant which I erected in the first part of that year. My success in
overcoming the technical difficulties was greater than I had expected and in a
few months I was able to produce electrical actions comparable to, and in a
certain sense surpassing those of lightning. Activities of 18,000,000 horsepower
were readily attained and I frequently computed the intensity of the effect in
remote localities. During my experiments there, Mars was at a relatively small
distance from us and, in that dry and rarefied air, Venus appeared so large and
bright that it might have been mistaken for one of those military signaling lights.
Its observation prompted me to calculate the energy transmitted by a powerful
oscillator at 50,000,000 miles, and I came to the conclusion that it was sufficient
to exert a noticeable influence on a delicate receiver of the kind I was, in the
meanwhile, perfecting.

My first announcements to this effect were received with incredulity but merely
because the potencies of the instrument I had devised were unknown. In the
succeeding year, however, I designed a machine for a maximum activity of



1,000,000,000 horsepower which was partly constructed on Long Island in 1902
and would have been put in operation but for reverses and the fact that my
project was too far in advance of the time.

It was reported at that period that my tower was intended for signaling to Mars,
which was not the case, but it is true that I made a special provision for
rendering it suitable to experiments in that direction. For the last few years there
has been such a wide application of my wireless transmitter that experts have
become, to an extent, familiar with its possibilities, and, if I am not mistaken,
there are very few “doubting Thomases” now. But our ability to convey a signal
across the gulf separating us from our neighboring planets would be of no avail
if they are dead and barren or inhabited by races still undeveloped. Our hope that
it might be different rests on what the telescope has revealed, but not on this
alone.

Vast Power Found

In the course of my investigations of terrestrial electrical disturbances in
Colorado I employed a receiver, the sensitiveness of which is virtually unlimited.
It is generally believed that the so-called audion excels all others in this respect
and Sir Oliver Lodge is credited with saying that it has been the means of
achieving wireless telephony and transforming atomic energy. If the news is
correct that scientist must have been victimized by some playful spirits with
whom he is communicating. Of course, there is no conversion of atomic energy
in such a bulb and many devices are known which can be used in the art with
success.

My arrangements enable me to make a number of discoveries, some of which I
have already announced in technical periodicals. The conditions under which I
operated were very favorable for no other wireless plant of any considerable
power existed and the effects t observed were thereafter due to natural causes,
terrestrial or cosmic. I gradually learned how to distinguish in my receiver and



eliminate certain actions and on one of these occasions my ear barely caught
signals coming in regular succession which could not have been produced on the
earth, caused by any solar or lunar action or by the influence of Venus, and the
possibility that they might have come from Mars flashed upon my mind. In later
years I have bitterly regretted that I yielded to the excitement of ideas and
pressure of business instead of concentrating all my energies on that
investigation.

The time is ripe now to make a systematic study of this transcending problem,
the consummation of which may mean untold blessings to the human race.
Capital should be liberally provided and a body of competent experts formed -to
examine all the plans proposed and to assist in carrying out the best. The mere
initiation of such a project in these uncertain and revolutionary times would
result in a benefit which cannot be underestimated. In my early proposals I have
advocated the application of fundamental mathematical principles for reaching
the first elementary understanding. But since that time I have devised a plan akin
to picture transmission through which knowledge of form could be conveyed
and the barriers to the mutual exchange of ideas largely removed.

Success in Trials

Perfect success cannot be attained in any other way for we know only what we
can visualize. Without perception of form there is not precise knowledge. A
number of types of apparatus have been already invented with which
transmission of pictures has been effected through the medium of wires, and they
can be operated with equal facility by the wireless method. Some of these are of
primitively simple construction. They are based on the employment of like parts
which move in synchronism and transmit in this manner records, however
complex. It would not require an extraordinary effort of the minds to hit upon
this plan and devise instruments on this or similar principles and by gradual
trials finally arrive at a full understanding.



The Herald of Sept. 24 contains a dispatch announcing that Prof. David Todd, of
Amhurst College, contemplates an attempt to communicate with the inhabitants
of Mars. The idea is to rise in a balloon to a height of about 50,000 feet with the
manifest purpose of overcoming the impediments of the dense air stratum. I do
not wish to comment adversely upon this undertaking beyond saying that no
material advantage will be obtained by this method, for what is gained by height
is offset a thousandfold by the inability of using powerful and complex
transmitting and receiving apparatus. The physical stress and danger confronting
the navigator at such an altitude are very great and he would be likely to lose his
life or be permanently injured. In their recent record flights Roelfs and
Schroeder have found that at a height of about six miles all their force was
virtually exhausted. It would not have taken much more to terminate their
careers fatally. If Prof. Todd wants to brave these perils he will have to provide
special means of protection and these will be an obstacle to his observations. It is
more likely, however, that he merely desires to look at the planet through a
telescope in the hope of discerning something new. But it is by no means certain
this instrument will be efficient under such conditions.



Interplanetary Communication

Electrical World — Sept. 24, 1921

To the Editors of the Electrical World:

There are countless worlds such as ours in the universe - planets revolving
around their suns in elliptical orbits and spinning on their axes like gigantic tops.
They are composed of the same elements and subject to the same forces as the
earth. Inevitably at some period in their evolution light, heat and moisture are
bound to be present, when inorganic matter will begin to run into organic forms.
The first impulse is probably given by heliotropism; then other influences assert
themselves, and in the course of ages, through continuous adjustment to the
environment, automata of inconceivable complexity of structure result. In the
workshop of nature these automatic engines are turned out in all essential
respects alike and exposed to the same external influences.

The identity of construction and sameness of environment result in a
concordance of action, giving birth to reason; thus intelligence, as the human, is
gradually developed. The chief controlling agent in this process must be radiant
energy acting upon a sense organ as the eye, which conveys a true conception of
form. We may therefore conclude with certitude that, however constructively
different may be the automata on other planets, their response to rays of light and
their perceptions of the outside world must be similar to a degree so that the
difficulties in the way of mutual understanding should not be insuperable.

Irrespective of astronomical and electrical evidences, such as have been obtained
by the late Percival Lowell and myself, there is a solid foundation for a



systematic attempt to establish communication with one of our heavenly
neighbors, as Mars, which through some inventions of mine is reduced to a
comparatively simple problem of electrical engineering. Others may scoff at this
suggestion or treat it as a practical joke, but I have been in deep earnest about it
ever since I made the first observations at my wireless plant in Colorado Springs
from 1889 to 1900. Those who are interested in the subject may be referred to
my articles in the Century Magazine of June, 1900, Collier’s Weekly of Feb. 9,
1901, the Harvard Illustrated Magazine of March, 1907, the New York Times of
May 23, 1909, and the New York Herald of Oct. 12, 1919.

At the time I carried on those investigations there existed no wireless plant on
the globe other than mine, at least none that could produce a disturbance
perceptible in a radius of more than a few miles. Furthermore, the conditions
under which I operated were ideal, and I was well trained for the work. The
arrangement of my receiving apparatus and the character of the disturbances
recorded precluded the possibility of their being of terrestrial origin, and I also
eliminated the influence of the sun, moon and Venus. As I then announced, the
signals consisted in a regular repetition of numbers, and subsequent study
convinced me that they must have emanated from Mars; this planet having been
just then close to the earth.

Since 1900 I have spent a great deal of my time in trying to develop a thoroughly
practical apparatus for the purpose and have evolved numerous designs. In one
of these I find that an activity of 10,000,000,000 hp in effective wave energy
could be attained. Assuming the most unfavorable conditions - namely, half-
spherical propagation - then at a distance of 34,000,000 miles the energy rate
would be about 1/730,000 hp per square mile, which is far more than necessary
to affect a properly designed receiver. In fact, apparatus similar to that used in
the transmission of pictures could be operated, and in this manner mathematical,
geometrical and other accurate information could be conveyed.

I was naturally very much interested in reports given out about two years ago
that similar observations had been made, but soon ascertained that these



supposed planetary signals were nothing else than interfering undertones of
wireless transmitters, and since I announced this fact other experts have
apparently taken the same view. These disturbances I observed for the first time
from 1906 to 1907. At that time they occurred rarely, but subsequently they
increased in frequency. Every transmitter emits undertones, and these give by
interference long beats, the wave length being anything from 50 miles to 300 or
400 miles. In all probability they would have been observed by many other
experimenters if it were not so troublesome to prepare receiving circuits suitable
for such long waves.

The idea that they would be used in interplanetary signaling by any intelligent
beings is too absurd to be seriously commented upon. These waves have no
suitable relation to any dimensions, physical constants or succession of events,
such as would be naturally and logically considered in an intelligent attempt to
communicate with us, and every student familiar with the fundamental
theoretical principles will readily see that such waves would be entirely
ineffective. The activity being inversely as the cube of the wave length, a short
wave would be immensely more efficient as a means for planetary signaling, and
we must assume that any beings who had mastered the art would also be
possessed of this knowledge. On careful reflection I find, however, that the
disturbances as reported, if they have been actually noted, cannot be anything
else but forced vibrations of a transmitter and in all likelihood beats of
undertones.

While I am not prepared to discuss the various aspects of this subject at length, I
may say that a skillful experimenter who is in the position to expend
considerable money and time will undoubtedly detect waves of about 25,470,000
m.

Nikola Tesla

New York City



My Inventions

My Early Life

The progressive development of man is vitally dependent on invention. It is the
most important product of his creative brain. Its ultimate purpose is the complete
mastery of mind over the material world, the harnessing of the forces of nature
to human needs. This is the difficult task of the inventor who is often
misunderstood and unrewarded. But he finds ample compensation in the
pleasing exercises of his powers and in the knowledge of being one of that
exceptionally privileged class without whom the race would have long ago
perished in the bitter struggle against pitiless elements.

Speaking for myself, I have already had more than my full measure of this
exquisite enjoyment, so much that for many years my life was little short of
continuous rapture. I am credited with being one of the hardest workers and
perhaps I am, if thought is the equivalent of labor, for I have devoted to it almost
all of my waking hours. But if work is interpreted to be a definite performance in
a specified time according to a rigid rule, then I may be the worst of idlers.
Every effort under compulsion demands a sacrifice of life-energy. I never paid
such a price. On the contrary, I have thrived on my thoughts.

In attempting to give a connected and faithful account of my activities in this
series of articles which will be presented with the assistance of the Editors of the
Electrical Experimenter and are chiefly addressed to our young men readers, |
must dwell, however reluctantly, on the impressions of my youth and the
circumstances and events which have been instrumental in determining my
career.



Our first endeavors are purely instinctive, promptings of an imagination vivid
and undisciplined. As we grow older reason asserts itself and we become more
and more systematic and designing. But those early impulses, tho not
immediately productive, are of the greatest moment and may shape our very
destinies. Indeed, I feel now that had I understood and cultivated instead of
suppressing them, I would have added substantial value to my bequest to the
world. But not until I had attained manhood did I realize that I was an inventor.

This was due to a number of causes. In the first place I had a brother who was
gifted to an extraordinary degree--one of those rare phenomena of mentality
which biological investigation has failed to explain. His premature death left my
parents disconsolate. We owned a horse which had been presented to us by a
dear friend. It was a magnificent animal of Arabian breed, possessed of almost
human intelligence, and was cared for and petted by the whole family, having on
one occasion saved my father’s life under remarkable circumstances. My father
had been called one winter night to perform an urgent duty and while crossing
the mountains, infested by wolves, the horse became frightened and ran away,
throwing him violently to the ground. It arrived home bleeding and exhausted,
but after the alarm was sounded immediately dashed off again, returning to the
spot, and before the searching party were far on the way they were met by my
father, who had recovered consciousness and remounted, not realizing that he
had been lying in the snow for several hours. This horse was responsible for my
brother’s injuries from which he died. I witnessed the tragic scene and altho
fifty-six years have elapsed since, my visual impression of it has lost none of its
force. The recollection of his attainments made every effort of mine seem dull in
comparison.

Anything I did that was creditable merely caused my parents to feel their loss
more keenly. So I grew up with little confidence in myself. But I was far from
being considered a stupid boy, if I am to judge from an incident of which I have
still a strong remembrance. One day the Aldermen were passing thru a street
where I was at play with other boys. The oldest of these venerable gentlemen—a
wealthy citizen—paused to give a silver piece to each of us. Coming to me he
suddenly stopped and commanded, “L.ook in my eyes.” I met his gaze, my hand
outstretched to receive the much valued coin, when, to my dismay, he said, “No,



not much, you can get nothing from me, you are too smart.” They used to tell a
funny story about me. I had two old aunts with wrinkled faces, one of them
having two teeth protruding like the tusks of an elephant which she buried in my
cheek every time she kissed me. Nothing would scare me more than the prospect
of being hugged by these as affectionate as unattractive relatives. It happened
that while being carried in my mother’s arms they asked me who was the prettier
of the two. After examining their faces intently, I answered thoughtfully,
pointing to one of them, “This here is not as ugly as the other.”

Then again, I was intended from my very birth for the clerical profession and
this thought constantly oppressed me. I longed to be an engineer but my father
was inflexible. He was the son of an officer who served in the army of the Great
Napoleon and, in common with his brother, professor of mathematics in a
prominent institution, had received a military education but, singularly enough,
later embraced the clergy in which vocation he achieved eminence. He was a
very erudite man, a veritable natural philosopher, poet and writer and his
sermons were said to be as eloquent as those of Abraham a Sancta-Clara. He had
a prodigious memory and frequently recited at length from works in several
languages. He often remarked playfully that if some of the classics were lost he
could restore them. His style of writing was much admired. He penned sentences
short and terse and was full of wit and satire. The humorous remarks he made
were always peculiar and characteristic. Just to illustrate, I may mention one or
two instances. Among the help there was a cross-eyed man called Mane,
employed to do work around the farm. He was chopping wood one day. As he
swung the axe my father, who stood nearby and felt very uncomfortable,
cautioned him, “For God’s sake, Mane, do not strike at what you are looking but
at what you intend to hit.” On another occasion he was taking out for a drive a
friend who carelessly permitted his costly fur coat to rub on the carriage wheel.
My father reminded him of it saying, “Pull in your coat, you are ruining my
tire.” He had the odd habit of talking to himself and would often carry on an
animated conversation and indulge in heated argument, changing the tone of his
voice. A casual listener might have sworn that several people were in the room.

Altho I must trace to my mother’s influence whatever inventiveness I possess,
the training he gave me must have been helpful. It comprised all sorts of



exercises—as, guessing one another’s thoughts, discovering the defects of some
form or expression, repeating long sentences or performing mental calculations.
These daily lessons were intended to strengthen memory and reason and
especially to develop the critical sense, and were undoubtedly very beneficial.

My mother descended from one of the oldest families in the country and a line of
inventors. Both her father and grandfather originated numerous implements for
household, agricultural and other uses. She was a truly great woman, of rare
skill, courage and fortitude, who had braved the storms of life and past thru
many a trying experience. When she was sixteen a virulent pestilence swept the
country. Her father was called away to administer the last sacraments to the
dying and during his absence she went alone to the assistance of a neighboring
family who were stricken by the dread disease. All of the members, five in
number, succumbed in rapid succession. She bathed, clothed and laid out the
bodies, decorating them with flowers according to the custom of the country and
when her father returned he found everything ready for a Christian burial. My
mother was an inventor of the first order and would, I believe, have achieved
great things had she not been so remote from modern life and its multifold
opportunities. She invented and constructed all kinds of tools and devices and
wove the finest designs from thread which was spun by her. She even planted the
seeds, raised the plants and separated the fibers herself. She worked
indefatigably, from break of day till late at night, and most of the wearing
apparel and furnishings of the home was the product of her hands. When she was
past sixty, her fingers were still nimble enough to tie three knots in an eyelash.

There was another and still more important reason for my late awakening. In my
boyhood I suffered from a peculiar affliction due to the appearance of images,
often accompanied by strong flashes of light, which marred the sight of real
objects and interfered with my thought and action. They were pictures of things
and scenes which I had really seen, never of those I imagined. When a word was
spoken to me the image of the object it designated would present itself vividly to
my vision and sometimes [ was quite unable to distinguish whether what I saw
was tangible or not. This caused me great discomfort and anxiety. None of the
students of psychology or physiology whom I have consulted could ever explain
satisfactorily these phenomena. They seem to have been unique altho I was



probably predisposed as I know that my brother experienced a similar trouble.
The theory I have formulated is that the images were the result of a reflex action
from the brain on the retina under great excitation. They certainly were not
hallucinations such as are produced in diseased and anguished minds, for in
other respects I was normal and composed. To give an idea of my distress,
suppose that I had witnessed a funeral or some such nerve-racking spectacle.
Then, inevitably, in the stillness of night, a vivid picture of the scene would
thrust itself before my eyes and persist despite all my efforts to banish it.
Sometimes it would even remain fixed in space tho I pushed my hand thru it. If
my explanation is correct, it should be able to project on a screen the image of
any object one conceives and make it visible. Such an advance would
revolutionize all human relations. I am convinced that this wonder can and will
be accomplished in time to come; I may add that I have devoted much thought to
the solution of the problem.

To free myself of these tormenting appearances, I tried to concentrate my mind
on something else I had seen, and in this way I would of ten obtain temporary
relief; but in order to get it I had to conjure continuously new images. It was not
long before I found that I had exhausted all of those at my command; my “reel”
had run out, as it were, because I had seen little of the world--only objects in my
home and the immediate surroundings. As I performed these mental operations
for the second or third time, in order to chase the appearances from my vision,
the remedy gradually lost all its force. Then I instinctively commenced to make
excursions beyond the limits of the small world of which I had knowledge, and I
saw new scenes. These were at first very blurred and indistinct, and would flit
away when I tried to concentrate my attention upon them, but by and by I
succeeded in fixing them; they gained in strength and distinctness and finally
assumed the concreteness of real things. I soon discovered that my best comfort
was attained if I simply went on in my vision farther and farther, getting new
impressions all the time, and so I began to travel--of course, in my mind. Every
night (and sometimes during the day), when alone, I would start on my journeys-
-see new places, cities and countries--live there, meet people and make
friendships and acquaintances and, however unbelievable, it is a fact that they
were just as dear to me as those in actual life and not a bit less intense in their
manifestations.



This I did constantly until I was about seventeen when my thoughts turned
seriously to invention. Then I observed to my delight that I could visualize with
the greatest facility. I needed no models, drawings or experiments. I could
picture them all as real in my mind. Thus I have been led unconsciously to
evolve what I consider a new method of materializing inventive concepts and
ideas, which is radically opposite to the purely experimental and is in my
opinion ever so much more expeditious and efficient. The moment one
constructs a device to carry into practice a crude idea he finds himself
unavoidably engrossed with the details and defects of the apparatus. As he goes
on improving and reconstructing, his force of concentration diminishes and he
loses sight of the great underlying principle. Results may be obtained but always
at the sacrifice of quality.

My method is different. I do not rush into actual work. When I get an idea I start
at once building it up in my imagination. I change the construction, make
improvements and operate the device in my mind. It is absolutely immaterial to
me whether I run my turbine in thought or test it in my shop. I even note if it is
out of balance. There is no difference whatever, the results are the same. In this
way I am able to rapidly develop and perfect a conception without touching
anything. When I have gone so far as to embody in the invention every possible
improvement I can think of and see no fault anywhere, I put into concrete form
this final product of my brain. Invariably my device works as I conceived that it
should, and the experiment comes out exactly as I planned it. In twenty years
there has not been a single exception. Why should it be otherwise? Engineering,
electrical and mechanical, is positive in results. There is scarcely a subject that
cannot be mathematically treated and the effects calculated or the results
determined beforehand from the available theoretical and practical data. The
carrying out into practice of a crude idea as is being generally done is, I hold,
nothing but a waste of energy, money and time.

My early affliction had, however, another compensation. The incessant mental
exertion developed my powers of observation and enabled me to discover a truth
of great importance. I had noted that the appearance of images was always
preceded by actual vision of scenes under peculiar and generally very
exceptional conditions and I was impelled on each occasion to locate the original



impulse. After a while this effort grew to be almost automatic and I gained great
facility in connecting cause and effect. Soon I became aware, to my surprise, that
every thought I conceived was suggested by an external impression. Not only
this but all my actions were prompted in a similar way. In the course of time it
became perfectly evident to me that I was merely an automaton endowed with
power of movement, responding to the stimuli of the sense organs and thinking
and acting accordingly. The practical result of this was the art of telautomatics
which has been so far carried out only in an imperfect manner. Its latent
possibilities will, however, be eventually shown. I have been since years
planning self-controlled automata and believe that mechanisms can be produced
which will act as if possessed of reason, to a limited degree, and will create a
revolution in many commercial and industrial departments.

I was about twelve years old when I first succeeded in banishing an image from
my vision by wilful effort, but I never had any control over the flashes of light to
which I have referred. They were, perhaps, my strangest experience and
inexplicable. They usually occurred when I found myself in a dangerous or
distressing situation, or when I was greatly exhilarated. In some instances I have
seen all the air around me filled with tongues of living flame. Their intensity,
instead of diminishing, increased with time and seemingly attained a maximum
when I was about twenty-five years old. While in Paris, in 1883, a prominent
French manufacturer sent me an invitation to a shooting expedition which I
accepted. I had been long confined to the factory and the fresh air had a
wonderfully invigorating effect on me. On my return to the city that night I felt a
positive sensation that my brain had caught fire. I saw a light as tho a small sun
was located in it and I past the whole night applying cold compressions to my
tortured head. Finally the flashes diminished in frequency and force but it took
more than three weeks before they wholly subsided. When a second invitation
was extended to me my answer was an emphatic NO!

These luminous phenomena still manifest themselves from time to time, as when
a new idea opening up possibilities strikes me, but they are no longer exciting,
being of relatively small intensity. When I close my eyes I invariably observe
first, a background of very dark and uniform blue, not unlike the sky on a clear
but starless night. In a few seconds this field becomes animated with



innumerable scintillating flakes of green, arranged in several layers and
advancing towards me. Then there appears, to the right, a beautiful pattern of
two systems of parallel and closely spaced lines, at right angles to one another, in
all sorts of colors with yellow-green and gold predominating. Immediately
thereafter the lines grow brighter and the whole is thickly sprinkled with dots of
twinkling light. This picture moves slowly across the field of vision and in about
ten seconds vanishes to the left, leaving behind a ground of rather unpleasant and
inert grey which quickly gives way to a billowy sea of clouds, seemingly trying
to mold themselves in living shapes. It is curious that I cannot project a form into
this grey until the second phase is reached. Every time, before falling asleep,
images of persons or objects flit before my view. When I see them I know that I
am about to lose consciousness. If they are absent and refuse to come it means a
sleepless night.

To what an extent imagination played a part in my early life I may illustrate by
another odd experience. Like most children I was fond of jumping and
developed an intense desire to support myself in the air. Occasionally a strong
wind richly charged with oxygen blew from the mountains rendering my body as
light as cork and then I would leap and float in space for a long time. It was a
delightful sensation and my disappointment was keen when later I undeceived
myself.

During that period I contracted many strange likes, dislikes and habits, some of
which I can trace to external impressions while others are unaccountable. I had a
violent aversion against the earrings of women but other ornaments, as bracelets,
pleased me more or less according to design. The sight of a pearl would almost
give me a fit but I was fascinated with the glitter of crystals or objects with sharp
edges and plane surfaces. I would not touch the hair of other people except,
perhaps, at the point of a revolver. I would get a fever by looking at a peach and
if a piece of camphor was anywhere in the house it caused me the keenest
discomfort. Even now I am not insensible to some of these upsetting impulses.
When I drop little squares of paper in a dish filled with liquid, I always sense a
peculiar and awful taste in my mouth. I counted the steps in my walks and
calculated the cubical contents of soup plates, coffee cups and pieces of food--
otherwise my meal was unenjoyable. All repeated acts or operations I performed



had to be divisible by three and if I mist I felt impelled to do it all over again,
even if it took hours.

Up to the age of eight years, my character was weak and vacillating. I had
neither courage or strength to form a firm resolve. My feelings came in waves
and surges and vibrated unceasingly between extremes. My wishes were of
consuming force and like the heads of the hydra, they multiplied. I was
oppressed by thoughts of pain in life and death and religious fear. I was swayed
by superstitious belief and lived in constant dread of the spirit of evil, of ghosts
and ogres and other unholy monsters of the dark. Then, all at once, there came a
tremendous change which altered the course of my whole existence. Of all
things I liked books the best. My father had a large library and whenever I could
manage I tried to satisfy my passion for reading. He did not permit it and would
fly into a rage when he caught me in the act. He hid the candles when he found
that I was reading in secret. He did not want me to spoil my eyes. But I obtained
tallow, made the wicking and cast the sticks into tin forms, and every night I
would bush the keyhole and the cracks and read, often till dawn, when all others
slept and my mother started on her arduous daily task. On one occasion I came
across a novel entitled “Abafi” (the Son of Aba), a Serbian translation of a well
known Hungarian writer, Josika. This work somehow awakened my dormant
powers of will and I began to practice self-control. At first my resolutions faded
like snow in April, but in a little while I conquered my weakness and felt a
pleasure I never knew before--that of doing as I willed. In the course of time this
vigorous mental exercise became second nature. At the outset my wishes had to
be subdued but gradually desire and will grew to be identical. After years of
such discipline I gained so complete a mastery over myself that I toyed with
passions which have meant destruction to some of the strongest men. At a
certain age I contracted a mania for gambling which greatly worried my parents.
To sit down to a game of cards was for me the quintessence of pleasure. My
father led an exemplary life and could not excuse the senseless waste of time and
money in which I indulged. I had a strong resolve but my philosophy was bad. I
would say to him, “I can stop whenever I please but is it worth while to give up
that which I would purchase with the joys of Paradise?” On frequent occasions
he gave vent to his anger and contempt but my mother was different. She
understood the character of men and knew that one’s salvation could only be
brought about thru his own efforts. One afternoon, I remember, when I had lost
all my money and was craving for a game, she came to me with a roll of bills



and said, “Go and enjoy yourself. The sooner you lose all we possess the better it
will be. I know that you will get over it.” She was right. I conquered my passion
then and there and only regretted that it had not been a hundred times as strong. 1
not only vanquished but tore it from my heart so as not to leave even a trace of
desire. Ever since that time I have been as indifferent to any form of gambling as
to picking teeth.

During another period I smoked excessively, threatening to ruin my health. Then
my will asserted itself and I not only stopped but destroyed all inclination. Long
ago I suffered from heart trouble until I discovered that it was due to the
innocent cup of coffee I consumed every morning. I discontinued at once, tho I
confess it was not an easy task. In this way I checked and bridled other habits
and passions and have not only preserved my life but derived an immense
amount of satisfaction from what most men would consider privation and
sacrifice.

After finishing the studies at the Polytechnic Institute and University I had a
complete nervous breakdown and while the malady lasted I observed many
phenomena strange and unbelievable.

My First Efforts At Invention

I shall dwell briefly on these extraordinary experiences, on account of their
possible interest to students of psychology and physiology and also because this
period of agony was of the greatest consequence on my mental development and
subsequent labors. But it is indispensable to first relate the circumstances and
conditions which preceded them and in which might be found their partial
explanation.

From childhood I was compelled to concentrate attention upon myself. This



caused me much suffering but, to my present view, it was a blessing in disguise
for it has taught me to appreciate the inestimable value of introspection in the
preservation of life, as well as a means of achievement. The pressure of
occupation and the incessant stream of impressions pouring into our
consciousness thru all the gateways of knowledge make modern existence
hazardous in many ways. Most persons are so absorbed in the contemplation of
the outside world that they are wholly oblivious to what is passing on within
themselves.

The premature death of millions is primarily traceable to this cause. Even among
those who exercise care it is a common mistake to avoid imaginary, and ignore
the real dangers. And what is true of an individual also applies, more or less, to a
people as a whole. Witness, in illustration, the prohibition movement. A drastic,
if not unconstitutional, measure is now being put thru in this country to prevent
the consumption of alcohol and yet it is a positive fact that coffee, tea, tobacco,
chewing gum and other stimulants, which are freely indulged in even at the
tender age, are vastly more injurious to the national body, judging from the
number of those who succumb. So, for instance, during my student years I
gathered from the published necrologues in Vienna, the home of coffee drinkers,
that deaths from heart trouble sometimes reached sixty-seven per cent of the
total. Similar observations might probably be made in cities where the
consumption of tea is excessive. These delicious beverages superexcite and
gradually exhaust the fine fibers of the brain. They also interfere seriously with
arterial circulation and should be enjoyed all the more sparingly as their
deleterious effects are slow and imperceptible. Tobacco, on the other hand, is
conducive to easy and pleasant thinking and detracts from the intensity and
concentration necessary to all original and vigorous effort of the intellect.
Chewing gum is helpful for a short while but soon drains the glandular system
and inflicts irreparable damage, not to speak of the revulsion it creates. Alcohol
in small quantities is an excellent tonic, but is toxic in its action when absorbed
in larger amounts, quite immaterial as to whether it is taken in as whiskey or
produced in the stomach from sugar. But it should not be overlooked that all
these are great eliminators assisting Nature, as they do, in upholding her stern
but just law of the survival of the fittest. Eager reformers should also be mindful
of the eternal perversity of mankind which makes the indifferent “laissez-faire”
by far preferable to enforced restraint.



The truth about this is that we need stimulants to do our best work under present
living conditions, and that we must exercise moderation and control our
appetites and inclinations in every direction. That is what I have been doing for
many years, in this way maintaining myself young in body and mind. Abstinence
was not always to my liking but I find ample reward in the agreeable experiences
I am now making. Just in the hope of converting some to my precepts and
convictions I will recall one or two.

A short time ago I was returning to my hotel. It was a bitter cold night, the
ground slippery, and no taxi to be had. Half a block behind me followed another
man, evidently as anxious as myself to get under cover. Suddenly my legs went
up in the air. In the same instant there was a flash in my brain, the nerves
responded, the muscles contracted, I swung thru 180 degrees and landed on my
hands. I resumed my walk as tho nothing had happened when the stranger caught
up with me. “How old are you?” he asked, surveying me critically. “Oh, about
fifty-nine,” I replied. “What of it?” “Well,” said he, “I have seen a cat do this but
never a man.” About a month since I wanted to order new eyeglasses and went
to an oculist who put me thru the usual tests. He looked at me incredulously as I
read off with ease the smallest print at considerable distance. But when I told
him that I was past sixty he gasped in astonishment. Friends of mine often
remark that my suits fit me like gloves but they do not know that all my clothing
is made to measurements which were taken nearly 35 years ago and never
changed. During this same period my weight has not varied one pound.

In this connection I may tell a funny story. One evening, in the winter of 1885,
Mr. Edison, Edward H. Johnson, the President of the Edison Illuminating
Company, Mr. Batchellor, Manager of the works, and myself entered a little
place opposite 65 Fifth Avenue where the offices of the company were located.
Someone suggested guessing weights and I was induced to step on a scale.
Edison felt me all over and said: “Tesla weighs 152 Ibs. to an ounce,” and he
guest it exactly. Stripped I weighed 142 Ibs. and that is still my weight. I
whispered to Mr. Johnson: “How is it possible that Edison could guess my
weight so closely?” “Well,” he said, lowering his voice. “I will tell you,



confidentially, but you must not say anything. He was employed for a long time
in a Chicago slaughter-house where he weighed thousands of hogs every day!
That’s why.” My friend, the Hon. Chauncey M. Depew, tells of an Englishman
on whom he sprung one of his original anecdotes and who listened with a
puzzled expression but - a year later - laughed out loud. I will frankly confess it
took me longer than that to appreciate Johnson’s joke.

Now, my well being is simply the result of a careful and measured mode of
living and perhaps the most astonishing thing is that three times in my youth I
was rendered by illness a hopeless physical wreck and given up by physicians.
More than this, thru ignorance and lightheartedness, I got into all sorts of
difficulties, dangers and scrapes from which I extricated myself as by
enchantment. I was almost drowned a dozen times; was nearly boiled alive and
just mist being cremated. I was entombed, lost and frozen. I had hair-breadth
escapes from mad dogs, hogs, and other wild animals. I past thru dreadful
diseases and met with all kinds of odd mishaps and that I am hale and hearty
today seems like a miracle. But as I recall these incidents to my mind I feel
convinced that my preservation was not altogether accidental.

An inventor’s endeavor is essentially lifesaving. Whether he harnesses forces,
improves devices, or provides new comforts and conveniences, he is adding to
the safety of our existence. He is also better qualified than the average individual
to protect himself in peril, for he is observant and resourceful. If I had no other
evidence that I was, in a measure, possessed of such qualities I would find it in
these personal experiences. The reader will be able to judge for himself if I
mention one or two instances. On one occasion, when about 14 years old, I
wanted to scare some friends who were bathing with me. My plan was to dive
under a long floating structure and slip out quietly at the other end. Swimming
and diving came to me as naturally as to a duck and I was confident that I could
perform the feat. Accordingly I plunged into the water and, when out of view,
turned around and proceeded rapidly towards the opposite side. Thinking that I
was safely beyond the structure, I rose to the surface but to my dismay struck a
beam. Of course, I quickly dived and forged ahead with rapid strokes until my
breath was beginning to give out. Rising for the second time, my head came
again in contact with a beam. Now I was becoming desperate. However,



summoning all my energy, I made a third frantic attempt but the result was the
same. The torture of suppressed breathing was getting unendurable, my brain
was reeling and I felt myself sinking. At that moment, when my situation
seemed absolutely hopeless, I experienced one of those flashes of light and the
structure above me appeared before my vision. I either discerned or guest that
there was a little space between the surface of the water and the boards resting
on the beams and, with consciousness nearly gone, I floated up, pressed my
mouth close to the planks and managed to inhale a little air, unfortunately
mingled with a spray of water which nearly choked me. Several times I repeated
this procedure as in a dream until my heart, which was racing at a terrible rate,
quieted down and I gained composure. After that I made a number of
unsuccessful dives, having completely lost the sense of direction, but finally
succeeded in getting out of the trap when my friends had already given me up
and were fishing for my body.

That bathing season was spoiled for me thru recklessness but I soon forgot the
lesson and only two years later I fell into a worse predicament. There was a large
flour mill with a dam across the river near the city where I was studying at that
time. As a rule the height of the water was only two or three inches above the
dam and to swim out to it was a sport not very dangerous in which I often
indulged. One day I went alone to the river to enjoy myself as usual. When I was
a short distance from the masonry, however, I was horrified to observe that the
water had risen and was carrying me along swiftly. I tried to get away but it was
too late. Luckily, tho, I saved myself from being swept over by taking hold of the
wall with both hands. The pressure against my chest was great and I was barely
able to keep my head above the surface. Not a soul was in sight and my voice
was lost in the roar of the fall. Slowly and gradually I became exhausted and
unable to withstand the strain longer. just as I was about to let go, to be dashed
against the rocks below, I saw in a flash of light a familiar diagram illustrating
the hydraulic principle that the pressure of a fluid in motion is proportionate to
the area exposed, and automatically I turned on my left side. As if by magic the
pressure was reduced and I found it comparatively easy in that position to resist
the force of the stream. But the danger still confronted me. I knew that sooner or
later I would be carried down, as it was not possible for any help to reach me in
time, even if I attracted attention. I am ambidextrous now but then I was left-
handed and had comparatively little strength in my right arm. For this reason I
did not dare to turn on the other side to rest and nothing remained but to slowly



push my body along the dam. I had to get away from the mill towards which my
face was turned as the current there was much swifter and deeper. It was a long
and painful ordeal and I came near to failing at its very end for I was confronted
with a depression in the masonry. I managed to get over with the last ounce of
my force and fell in a swoon when I reached the bank, where I was found. I had
torn virtually all the skin from my left side and it took several weeks before the
fever subsided and I was well. These are only two of many instances but they
may be sufficient to show that had it not been for the inventor’s instinct I would
not have lived to tell this tale.

Interested people have often asked me how and when I began to invent. This I
can only answer from my present recollection in the light of which the first
attempt I recall was rather ambitious for it involved the invention of an apparatus
and a method. In the former I was anticipated but the latter was original. It
happened in this way. One of my playmates had come into the possession of a
hook and fishing-tackle which created quite an excitement in the village, and the
next morning all started out to catch frogs. I was left alone and deserted owing to
a quarrel with this boy. I had never seen a real hook and pictured it as something
wonderful, endowed with peculiar qualities, and was despairing not to be one of
the party. Urged by necessity, I somehow got hold of a piece of soft iron wire,
hammered the end to a sharp point between two stones, bent it into shape, and
fastened it to a strong string. I then cut a rod, gathered some bait, and went down
to the brook where there were frogs in abundance. But I could not catch any and
was almost discouraged when it occurred to me to dangle the empty hook in
front of a frog sitting on a stump. At first he collapsed but by and by his eyes
bulged out and became bloodshot, he swelled to twice his normal size and made
a vicious snap at the hook.

Immediately I pulled him up. I tried the same thing again and again and the
method proved infallible. When my comrades, who in spite of their fine outfit
had caught nothing, came to me they were green with envy. For a long time I
kept my secret and enjoyed the monopoly but finally yielded to the spirit of
Christmas. Every boy could then do the same and the following summer brought
disaster to the frogs.



In my next attempt I seem to have acted under the first instinctive impulse which
later dominated me - to harness the energies of nature to the service of man. I did
this thru the medium of May-bugs - or June-bugs as they are called in America -
which were a veritable pest in that country and sometimes broke the branches of
trees by the sheer weight of their bodies. The bushes were black with them. I
would attach as many as four of them to a crosspiece, rotably arranged on a thin
spindle, and transmit the motion of the same to a large disc and so derive
considerable “power.” These creatures were remarkably efficient, for once they
were started they had no sense to stop and continued whirling for hours and
hours and the hotter it was the harder they worked. All went well until a strange
boy came to the place. He was the son of a retired officer in the Austrian Army.
That urchin ate May-bugs alive and enjoyed them as tho they were the finest
blue-point oysters. That disgusting sight terminated my endeavors in this
promising field and I have never since been able to touch a May-bug or any
other insect for that matter.

After that, I believe, I undertook to take apart and assemble the clocks of my
grandfather. In the former operation I was always successful but often failed in
the latter. So it came that he brought my work to a sudden halt in a manner not
too delicate and it took thirty years before I tackled another clockwork again.
Shortly there after I went into the manufacture of a kind of pop-gun which
comprised a hollow tube, a piston, and two plugs of hemp. When firing the gun,
the piston was pressed against the stomach and the tube was pushed back
quickly with both hands. The air between the plugs was compressed and raised
to high temperature and one of them was expelled with a loud report. The art
consisted in selecting a tube of the proper taper from the hollow stalks. I did very
well with that gun but my activities interfered with the window panes in our
house and met with painful discouragement. If I remember rightly, I then took to
carving swords from pieces of furniture which I could conveniently obtain. At
that time I was under the sway of the Serbian national poetry and full of
admiration for the feats of the heroes. I used to spend hours in mowing down my
enemies in the form of corn-stalks which ruined the crops and netted me several
spankings from my mother. Moreover these were not of the formal kind but the
genuine article.



I had all this and more behind me before I was six years old and had past thru
one year of elementary school in the village of Smiljan where I was born. At this
juncture we moved to the little city of Gospic nearby. This change of residence
was like a calamity to me. It almost broke my heart to part from our pigeons,
chickens and sheep, and our magnificent flock of geese which used to rise to the
clouds in the morning and return from the feeding grounds at sundown in battle
formation, so perfect that it would have put a squadron of the best aviators of the
present day to shame. In our new house I was but a prisoner, watching the
strange people I saw thru the window blinds. My bashfulness was such that I
would rather have faced a roaring lion than one of the city dudes who strolled
about. But my hardest trial came on Sunday when I had to dress up and attend
the service. There I meet with an accident, the mere thought of which made my
blood curdle like sour milk for years afterwards. It was my second adventure in a
church. Not long before I was entombed for a night in an old chapel on an
inaccessible mountain which was visited only once a year. It was an awful
experience, but this one was worse. There was a wealthy lady in town, a good
but pompous woman, who used to come to the church gorgeously painted up and
attired with an enormous train and attendants. One Sunday I had just finished
ringing the bell in the belfry and rushed downstairs when this grand dame was
sweeping out and I jumped on her train. It tore off with a ripping noise which
sounded like a salvo of musketry fired by raw recruits. My father was livid with
rage. He gave me a gentle slap on the cheek, the only corporal punishment he
ever administered to me but I almost feel it now. The embarrassment and
confusion that followed are indescribable. I was practically ostracized until
something else happened which redeemed me in the estimation of the
community.

An enterprising young merchant had organized a fire department. A new fire
engine was purchased, uniforms provided and the men drilled for service and
parade. The engine was, in reality, a pump to be worked by sixteen men and was
beautifully painted red and black. One afternoon the official trial was prepared
for and the machine was transported to the river. The entire population turned
out to witness the great spectacle. When all the speeches and ceremonies were
concluded, the command was given to pump, but not a drop of water came from
the nozzle. The professors and experts tried in vain to locate the trouble. The



fizzle was complete when I arrived at the scene. My knowledge of the
mechanism was nil and I knew next to nothing of air pressure, but instinctively I
felt for the suction hose in the water and found that it had collapsed. When I
waded in the river and opened it up the water rushed forth and not a few Sunday
clothes were spoiled. Archimedes running naked thru the streets of Syracuse and
shouting Eureka at the top of his voice did not make a greater impression than
myself. I was carried on the shoulders and was the hero of the day.

Upon settling in the city I began a four-years’ course in the so-called Normal
School preparatory to my studies at the College or Real Gymnasium. During this
period my boyish efforts and exploits, as well as troubles, continued. Among
other things I attained the unique distinction of champion crow catcher in the
country. My method of procedure was extremely simple. I would go in the
forest, hide in the bushes, and imitate the call of the bird. Usually I would get
several answers and in a short while a crow would flutter down into the
shrubbery near me. After that all I needed to do was to throw a piece of
cardboard to distract its attention, jump up and grab it before it could extricate
itself from the undergrowth. In this way I would capture as many as I desired.
But on one occasion something occurred which made me respect them. I had
caught a fine pair of birds and was returning home with a friend. When we left
the forest, thousands of crows had gathered making a frightful racket. In a few
minutes they rose in pursuit and soon enveloped us. The fun lasted until all of a
sudden I received a blow on the back of my head which knocked me down. Then
they attacked me viciously. I was compelled to release the two birds and was
glad to join my friend who had taken refuge in a cave.

In the schoolroom there were a few mechanical models which interested me and
turned my attention to water turbines. I constructed many of these and found
great pleasure in operating them. How extraordinary was my life an incident
may illustrate. My uncle had no use for this kind of pastime and more than once
rebuked me. I was fascinated by a description of Niagara Falls I had perused,
and pictured in my imagination a big wheel run by the Falls. I told my uncle that
I would go to America and carry out this scheme. Thirty years later I saw my
ideas carried out at Niagara and marveled at the unfathomable mystery of the
mind.



I made all kinds of other contrivances and contraptions but among these the
arbalists I produced were the best. My arrows, when shot, disappeared from
sight and at close range traversed a plank of pine one inch thick. Thru the
continuous tightening of the bows I developed skin on my stomach very much
like that of a crocodile and I am often wondering whether it is due to this
exercise that I am able even now to digest cobble-stones! Nor can I pass in
silence my performances with the sling which would have enabled me to give a
stunning exhibit at the Hippodrome. And now I will tell of one of my feats with
this antique implement of war which will strain to the utmost the credulity of the
reader. I was practicing while walking with my uncle along the river. The sun
was setting, the trout were playful and from time to time one would shoot up into
the air, its glistening body sharply defined against a projecting rock beyond. Of
course any boy might have hit a fish under these propitious conditions but I
undertook a much more difficult task and I foretold to my uncle, to the minutest
detail, what I intended doing. I was to hurl a stone to meet the fish, press its body
against the rock, and cut it in two. It was no sooner said than done. My uncle
looked at me almost scared out of his wits and exclaimed “Vade retro Satanas!”
and it was a few days before he spoke to me again. Other records, how ever
great, will be eclipsed but I feel that I could peacefully rest on my laurels for a
thousand years.
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