
 

 

— A New System of Alternate Current —
Motors and Transformers

Read before the American Institute of Electrical Engineers, May 16, 1888.

I desire to express my thanks to Professor Anthony for the help he has given me in this matter. I would also like to express my
thanks to Mr. Pope and Mr. Martin for their aid. The notice was rather short, and I have not been able to treat the subject so
extensively as I could have desired, my health not being in the best condition at present. I ask your kind indulgence, and I shall
be very much gratified if the little I have done meets your approval.

In the presence of the existing diversity of opinion regarding the relative merits of the alternate and continuous current systems,
great importance is attached to the question whether alternate currents can be successfully utilized in the operation of motors.
The transformers, with their numerous advantages, have afforded us a relatively perfect system of distribution, and although, as
in all branches of the art, many improvements are desirable, comparatively little remains to be done in this direction. The
transmission of power, on the contrary, has been almost entirely confined to the use of continuous currents, and notwithstanding
that many efforts have been made to utilize alternate currents for this purpose, they have, up to the present, at least as far as
known, failed to give the result desired. Of the various motors adapted to be used on alternate current circuits the following have
been mentioned: 1. A series motor with subdivided field. 2. An alternate current generator having its field excited by continuous
currents. 3. Elihu Thomson's motor. 4. A combined alternate and continuous current motor. Two more motors of this kind have
suggested themselves to me. 1. A motor with one of its circuits in series with a transformer and the other in the secondary of the
transformer. 2. A motor having its armature circuit connected to the generator and the field coils closed upon themselves. These,
however, I mention only incidentally.

The subject which I now have the pleasure of bringing to your notice is a novel system of electric distribution and transmission of
power by means of alternate currents, affording peculiar advantages, particularly in the way of motors, which I am confident will
at once establish the superior adaptability of these currents to the transmission of power and will show that many results
heretofore unattainable can be reached by their use; results which are very much desired in the practical operation of such
systems and which cannot be accomplished by means of continuous currents.

Before going into a detailed description of this system, I think it necessary to make a few remarks with reference to certain
conditions existing in continuous current generators and motors, which, although generally known, are frequently disregarded. In
our dynamo machines, it is well known, we generate alternate currents which we direct by means of a commutator, a
complicated device and, it may be justly said, the source of most of the troubles experienced in the operation of the machines.
Now, the currents so directed cannot be utilized in the motor, but they must -- again by means of a similar unreliable device -- be
reconverted into their original state of alternate currents. The function of the commutator is entirely external, and in no way dues
it affect the internal working of the machines. In reality, therefore, all machines are alternate current machines, the currents
appearing as continuous only in the external circuit during their transit from generator to motor. In view simply of this fact,
alternate currents would commend themselves as a more direct application of electrical energy, and the employment of
continuous currents would only be justified if we had dynamos which would primarily generate, and motors which would be
directly actuated by such currents.

But the operation of the commutator on a motor is twofold; firstly, it reverses the currents through the motor, and secondly, it
effects, automatically, a progressive shifting of the poles of one of its magnetic constituents. Assuming, therefore, that both of the
useless operations in the system, that is to say, the directing of the alternate currents on the generator and reversing the direct
currents on the motor, be eliminated, it would still be necessary, in order to cause a rotation of the motor, to produce a
progressive shifting of the poles of one of its elements, and the question presented itself, -- How to perform this operation by the
direct action of alternate currents! I will now proceed to show how this result was accomplished.
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In the first experiment a drum-armature was provided with two coils at right angles to each other, and the ends of these coils
were connected to two pairs of insulated contact-rings as usual. A ring was then made of thin insulated plates of sheet-iron and
wound with four coils, each two opposite coils being connected together so as to produce free poles on diametrically opposite
sides of the ring. The remaining free ends of the coils were then connected to the contact-rings of the generator armature so as
to form two independent circuits, as indicated in figure 9. It may now be seen what results were secured in this combination, and
with this view I would refer to the diagrams, figures 1 to 8a. The field of the generator being independently excited, the rotation of
the armature sets up currents in the coils CC, varying in strength and direction in the well-known manner. In the position shown
in figure 1 the current in coil C is nil while Coil C is traversed by its maximum current, and the connections my be such that the
ring is magnetized by the coils c1 c1 as indicated by the letters N S in figure la, the magnetizing effect of the coils c c being nil,
since these coils are included in the circuit of coil C.

In figure 2 the armature coils are shown in a more advanced position, one-eighth of one revolution being completed. Figure 2a
illustrates the corresponding magnetic condition of the ring. At this moment the coil cl generates a current of the same direction
as previously, but weaker, producing the poles nl sl upon the ring; the coil c also generates a current of the same direction, and
the connections may be such that the coils c c produce the poles n s, as shown in figure 2a. The resulting polarity is indicated by
the letters N S, and it will be observed that the poles of the ring have been shifted one-eighth of the periphery of the same.

In figure 3 the armature has completed one-quarter of one revolution. In this phase the current in coil C is maximum, and of such
direction as to produce the poles N S in

figure 3a, whereas the current in coil C1 is nil, this coil being at its neutral position. The Poles N S in figure 3a are thus shifted
one-quarter of the circumference of the ring.

Figure 4 shows the coils C C in a still more advanced position, the armature having completed three-eighths of one revolution. At
that moment the coil C still generates a current of the same direction as before, but of less strength, producing the comparatively
weaker poles n s in figure 4a, The current in the coil C1 is of the same strength, but of opposite direction. Its effect is, therefore,
to produce upon the ring the Poles n1 and sl as indicated, and a polarity, N S, results, the poles now being shifted three-eighths
of the periphery of the ring.

In figure 5 one-half of one revolution of the armature is completed, and the resulting magnetic condition of the ring is indicated in
figure 5a. Now, the current in coil C is nil, while the coil C1 yields its maximum current, which is of the same direction as
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previously; the magnetizing effect is, therefore, due to the coils cl cl alone, and, referring to figure 5a, it will be observed that the
poles N S are shifted one-half of the circumference of the ring. During the next half revolution the operations are repeated, as
represented in the figures G to 8a.

A reference to the diagrams will make it clear that during one revolution of the armature the poles of the ring are shifted once
around its periphery, and each revolution producing like effects, a rapid whirling of the poles in harmony with the rotation of the
armature is the result. If the connections of either one of the circuits in the ring are reversed, the shifting of the poles is made to
progress in the opposite direction, but the operation is identically the same. Instead of using four wires, with like result, three
wires may be used, one forming a common return for both circuits. This rotation or whirling of the poles manifests itself in a
series of curious phenomena. If a delicately pivoted disc of steel or other magnetic metal is approached to the ring it is set in
rapid rotation, the direction of rotation varying with the position of the disc. For instance, noting the direction outside of the ring it
will be found that inside the ring it turns in an opposite direction, while it is unaffected if placed in a

position symmetrical to the ring. This is easily explained. Each time that a pole approaches it induces an opposite pole in the
nearest point on the disc, and an attraction is produced upon that point; owing to this, as the pole is shifted further away from the
disc a tangential pull is exerted upon the same, and the action being constantly repeated, a more or less rapid rotation of the disc
is the result. As the pull is exerted mainly upon that part which is nearest to the ring, the rotation outside and inside, or right and
left, respectively, is in opposite directions, figure 9. When placed symmetrically to the ring, the pull on opposite sides of the disc
being equal, no rotation results. The action is based on the magnetic inertia of the iron; for this reason a disc of hard steel is
much more affected than a disc of soft iron, the latter being capable of very rapid variations of magnetism. Such a disc has
proved to be a very useful instrument in all these investigations,
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as it has enabled me to detect any irregularity in the action. A curious effect is also produced upon iron filings. By placing some
upon a paper and holding them externally quite close to the ring they are set in a vibrating motion, remaining in the same place,
although the paper may be moved back and forth; but in lifting the paper to a certain height which seems to be dependent on the
intensity of the poles and thc speed of rotation, they are thrown away in a direction always opposite to the supposed movement
of the poles. If a paper with filings is put flat upon the ring and the current turned on suddenly; the existence of a magnetic whirl
may be easily observed.

To demonstrate the complete analogy between the ring and a revolving magnet, a strongly energized electro-magnet was rotated
by mechanical power, and phenomena identical in every particular to those mentioned above were observed. Obviously, the
rotation of the poles produces corresponding inductive effects and may be utilized to generate currents in a closed conductor
placed within the influence of the poles. For this purpose it is convenient to wind a ring with two sets of superimposed coils
forming respectively the primary and secondary circuits, as shown in figure 10. In order to secure the most economical results
the magnetic circuit should be completely closed, and with this object in view the construction may be modified at will.

The inductive effect exerted upon the secondary coils will be mainly due to the shifting or movement of the magnetic action; but
there may also be currents set up in the circuits in consequence of the variations in the intensity of the poles. However, by
properly designing the generator and determining the magnetizing effect of the primary coils the latter element may be made to
disappear. The intensity of the poles being maintained constant, the action of the apparatus will be perfect, and the same result
will bc secured as though the shifting were effected by means of a commutator with an infinite number of bars. In such case the
theoretical relation between the energizing effect of each set of primary coils and their resultant magnetizing effect may be
expressed by the equation of a circle having its center coinciding with that of an orthogonal system of axes, and in which the
radius represents the resultant and the

co-ordinates both of its components. These are then respectively the sine and cosine of the angle U between the radius and one
of the axes (O X). Referring to figure 1 I, we have r2 = x2 + y2; where x = r cos a, and y = r sin a.

Assuming the magnetizing effect of each set of coils in the transformer to be proportional to the current -- which may be admitted
for weak degrees of magnetization -- then x = Kc and y = Kcl, where K is a constant and c and cl the current in both sets of coils
respectively. Supposing, further, the field of the generator to be uniform, we have for constant speed cl = K1 sin a and c = K1 sin
(90o + a) = K1 cos a. where K1 is a constant. See figure 12. 

Therefore, 
x = Kc = K K1 cos a; 
y=Kcl=K K1 sin a, and 
KK1 = r.

That is, for a uniform field the disposition of the two coils at right angles will secure the theoretical result, and the intensity of the
shifting poles will be constant. But from r2 = x2 + y2 it follows that for y = O, r = x; it follows that the joint magnetizing effect of both
sets of coils should be equal to the effect of one set when at its maximum action. In transformers and in a certain class of motors
the fluctuation of the poles is not of great importance, but in another class of these motors i~ is desirable to obtain the theoretical
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result.

In applying this principle to the construction of motors, two typical forms of motor have been developed. First, a form having a
comparatively small rotary effort at the start, but maintaining a perfectly uniform speed at all loads, which motor has been termed
synchronous. Second, a form possessing a great rotary effort at the start, the speed being dependent on the load. These motors
may be operated in three different ways: 1. By the alternate currents of the source only. 2. By a combined action of these and of
induced currents. 3. By the joint action of alternate and continuous currents.

The simplest form of a synchronous motor is obtained by winding a laminated ring provided with pole projections with four coils,
and connecting the same in the manner before indicated. An iron disc having a segment cut away on each side may be used as
an armature. Such a motor is shown in figure 9. The disc being arranged to rotate freely within the ring in close proximity to the
projections, it is evident that as the poles are shifted it will, owing to its tendency to place itself in such a position as to embrace
the greatest number of the lines of force, closely follow the movement of the poles, and its motion will be synchronous with that of
the armature of the generator; that is, in the peculiar disposition shown in figure 9, in which the armature produces by one
revolution two current impulses in each of the circuits. It is evident that if, by one revolution of the armature, a greater number of
impulses is produced, the speed of the motor will be correspondingly increased. Considering that the attraction exerted upon the
disc is greatest when the same is in close proximity to the poles, i~ follows that such a motor will maintain exactly the same
speed at all loads within the limits of its capacity.

To facilitate the starting, the disc may be provided with a coil closed upon itself. The advantage secured by such a coil is evident.
On the start thc currents set up in the coil strongly energize the disc and increase the attraction exerted upon the same by the
ring, and currents being generated in the coil as long as the speed of the armature is inferior to that of the poles, considerable
work may be performed by such a motor even if the speed be below normal. The intensity of the poles being constant, no
currents will be generated in the coil when the motor is turning at its normal speed.

Instead of closing the coil upon itself, its ends may be connected to two insulated sliding rings, and a continuous current supplied
to these from a suitable generator. The proper way to start such a motor is to close the coil upon itself until the normal speed is
reached, or nearly so, and then turn on the continuos current. If the disc be very strongly energized by a continuous current the
motor may not be able to start, but if it be weakly energized, or generally so that the magnetizing effect of the ring is
preponderating it will start and reach the normal speed. Such a motor will maintain absolutely the same speed at all loads. It has
also been found that if the motive power of the generator is not excessive, by checking the motor the speed of the generator is
diminished in synchronism with that of the motor. It is characteristic of this form of motor that it cannot be reversed by reversing
the continuous current through the coil.

The synchronism of these motors may be demonstrated experimentally in a variety of ways. For this purpose it is best to employ
a motor consisting of a stationary field magnet and an armature arranged to rotate within the same, as indicated in figure 13. In
this case the shifting of the poles of the armature produces a rotation of the latter in the opposite direction. It results therefrom
that when the normal speed is reached, the poles of the armature assume fixed positions relatively to the field magnet and the
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same is magnetized by induction, exhibiting a distinct pole on each of the pole-pieces. If a piece of soft iron is approached to the
field magnet it will at the start be attracted with a rapid vibrating motion produced by the reversals of polarity of the magnet, but
as the speed of the armature increases; the vibrations become less and less frequent and finally entirely cease. Then the iron is
weakly but permanently attracted, showing that the synchronism is reached and the field magnet energized by induction. 

The disc may also be used for the experiment. If held quite close to the armature it will turn as long as the speed of rotation of
the poles exceeds that of the armature; but when the normal speed is reached, or very nearly so; it ceases to rotate and is
permanently attracted.

A crude but illustrative experiment is made with an incandescent lamp. Placing the lamp in circuit with the continuous current
generator, and in series with the magnet coil, rapid fluctuations are observed in the light in consequence of the induced current
set up in the coil at the start; the speed increasing, the fluctuations occur at longer intervals, until they entirely disappear,
showing that the motor has attained its normal speed.

A telephone receiver affords a most sensitive instrument; when connected to any circuit in the motor the synchronism may be
easily detected on the disappearance of the induced currents.

In motors of the synchronous type it is desirable to maintain the quantity of the shifting magnetism constant, especially if the
magnets are not properly subdivided. 

To obtain a rotary effort in these motors was the subject of long thought. In order to secure this result it was necessary to make
such a disposition that while the poles of one element of the motor are shifted by the alternate currents of the source, the poles
produced upon the other element should always be maintained in the proper relation to the former, irrespective of the speed of
the motor. Such a condition exists in a continuous current motor; but in a synchronous motor, such as described, this condition is
fulfilled only when the speed is normal.

The object has been attained by placing within the ring a properly subdivided cylindrical iron core wound with several
independent coils closed upon themselves. Two

coils at right angles as in figure 14, are sufficient, but greater number may he advantageously employed. It results from this
disposition that when the poles of the ring are shifted, currents are generated in the closed armature coils. These currents are the
most intense at or near the points of the greatest density of the lines of force, and their effect is to produce poles upon the
armature at right angles to those of the ring, at least theoretically so; and since action is entirely independent of the speed -- that
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is, as far as the location of the Doles is concerned -- a continuous pull is exerted upon the periphery of the armature. In many
respects these motors are similar to the continuous current motors. If load is put on, the speed, and also the resistance of the
motor, is diminished and more current is made to pass through the energizing coils, thus increasing the effort. Upon the load
being taken off, the counter-electromotive force increases and less current passes through the primary or energizing coils.
Without any load the speed is very nearly equal to that of the shifting poles of the field magnet.

It will be found that the rotary effort in these motors fully equals that of the continuous current motors. The effort seems to be
greatest when both armature and field magnet are without ally projections; but as in such dispositions the field cannot be very
concentrated, probably the best results will be obtained by leaving pole projections on one of the elements only. Generally, it may
be stated that the projections diminish the torque and produce a tendency to synchronism.

A characteristic feature of motors of this kind is their capacity of being very rapidly reversed. This follows from the peculiar action
of the motor. Suppose the armature to be rotating and the direction of rotation of the poles to be reversed. The apparatus then
represents a dynamo machine, the power to drive this machine being the momentum stored up in the armature and its speed
being the sum of the speeds of the armature and the poles. If we now consider that the power to drive such a dynamo would be
very nearly proportional to the third power of the speed, for this reason alone the armature should be quickly reversed. But
simultaneously with the reversal another element is brought into action, namely, as the movement of the poles with respect to the
armature is reversed, the motor acts like a transformer in which the resistance of the secondary circuit would be abnormally
diminished by producing in this circuit an additional electromotive force. Owing to these causes the reversal is instantaneous. If it
is desirable to secure a constant speed, and at the same time a certain effort at the start, this result may be easily attained in a
variety of ways. For instance, two armatures, one for torque and the other for synchronism, may be fastened on the same shaft,
and any desired preponderance may be given to either one, or an armature may be wound for rotary effort, but a more or less
pronounced tendency to synchronism may be given to it by properly constructing the iron core; and in many other ways.

As a means of obtaining the required phase of the currents in both the circuits, the disposition of the two coils at right angles is
the simplest, securing the most uniform action; but the phase may be obtained in many other ways, varying with the machine
employed. Any of the dynamos at present in use may be easily adapted for this purpose by making connections to proper points
of the generating coils. In closed circuit armatures, such as used in the continuous current systems, it is best to make four
derivations from equi-distant points or bars of the commutator, and to connect the same to four insulated sliding rings on thc
shaft. In this case each of the motor circuits is connected to two diametrically opposite bars of the commutator. In such a
disposition the motor may also be operated at half the potential and on the three-wire plan, by connecting the motor circuits in
the proper order to three of the contact rings.

In multipolar dynamo machines, such as used in the converter systems, the phase is conveniently obtained by winding upon the
armature two series of coils in such a manner that while the coils of one set or series are at their maximum production of current,
the coils of the other will be at their neutral position, or nearly so, whereby both sets of coils may be subjected simultaneously or
successively to the inducing action of thc field magnets.
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Generally the circuits in the motor will be similarly disposed, and various arrangements may be made to fulfill the requirements;
but the simplest and most

practicable is to arrange primary circuits on stationary parts of the motor, thereby obviating, at least in certain forms, the
employment of sliding contacts. In such a case thc magnet coils are connected alternately in both the circuits; that is 1, 3, 5.......
in one, and 2, 4, 6...... in the other, and the coils of each set of series may be connected all in the same manner, or alternately in
opposition; in the latter case a motor with half the number of poles will result, and its action will be correspondingly modified. The
figures 15, 16 and 17, show three different phases, the magnet coils in each circuit being connected alternately in opposition. In
this case there will be always four poles, as in figures 15 and 17, four pole projections will be neutral, and in figure 16 two
adjacent pole projections will have the same polarity. If the coils are connected in the same manner there will be eight alternating
poles, as indicated by the letters n’ s' in fig.15. 

The employment of multipolar motors secures in this system an advantage much desired and unattainable in the continuous
current system, and that is, that a motor may be made to run exactly at a predetermined speed irrespective of imperfections in
construction, of the load, and, within certain limits, of electromotive force and current strength.

In a general distribution system of this kind the following plan should be adopted. At the central station of supply a generator
should be provided having a considerable number of poles. The motors operated from this generator should be of the
synchronous type, but possessing sufficient rotary effort to insure their starting. With the observance of proper rules of
construction it may be admitted that the speed of each motor will be in some inverse proportion to its size, and the number of
poles should be chosen accordingly. Still exceptional demands may modify this rule. In view of this, it will be advantageous to
provide each motor with a greater number of pole projections or coils, the number

being preferably a multiple of two and three. By this means, by simply changing the connections of the coils, the motor may be
adapted to any probable demands. If the number of the poles in the motor is even, the action will he harmonious and the proper
result will be obtained; if this is not the case the best plan to be followed is to make a motor with a double number of poles and
connect the same in the manner before indicated, so that half the number of poles result. Suppose, for instance, that the
generator has twelve poles, and it would be desired to obtain a speed equal to 12/7 of the speed of the generator. This would
require a motor with seven pole projections or magnets, and such a motor could not be properly connected in the circuits unless
fourteen armature coils would be provided, which would necessitate the employment of sliding contacts. To avoid this the motor
should be provided with fourteen magnets and seven connected in each circuit, the magnets in each circuit alternating among
themselves. The armature should have fourteen closed coils. The action of the motor will not be quite as perfect as in the case of
an even number of poles, but the drawback will not be of a serious nature.

However, the disadvantages resulting from this unsymmetrical form will be reduced in the same proportion as the number of the
poles is augmented.

If the generator has, say, n, and the motor nl poles, the speed of the motor will be equal to that of the generator multiplied by n/r1

The speed of the motor will generally be dependent on the number of the poles, but there may be exceptions to this rule. The
speed may be modified by the phase of the currents in the circuits or by the character of the current impulses or by intervals
between each or between groups of impulses. Some of the possible cases are indicated in the diagrams, figures l8, l9, 20 and 2l,
which are self-explanatory. Figure 18 represents the condition generally existing, and which secures the best result. In such a
case, if the typical form of motor illustrated in figure 9 is employed, one complete wave in each circuit will produce one revolution
of the motor. In figure 19 the same result will he effected by one wave in each circuit, the impulses being successive; in figure 20
by four, and in figure 21 by eight waves.
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By such means any desired speed may be attained; that is, at least within the limits of practical demands. This system
possesses this advantage besides others, resulting from simplicity. At full loads the motors show efficiency fully equal to that of
the continuous current motors. The transformers present an additional advantage in their capability of operating motors. They are
capable of similar modifications in construction, and will facilitate the introduction of motors and their adaptation to practical
demands. Their efficiency should be higher than that of the present transformers, and I base my

assertion on the following:

In a transformer as constructed at present we produce the currents in the secondary circuit by varying the strength of the primary
or exciting currents. If we admit proportionality with respect to the iron core the inductive effect exerted upon the secondary coil
will be proportional to the numerical sum of the variations in the strength of the exciting current per unit of time; whence it follows
that for a given variation any prolongation of the primary current will result in a proportional loss. In order to obtain rapid
variations in the strength of the current, essential to efficient induction, a great number of undulations are employed. From this
practice various disadvantages result. These are, increased cost and diminished efficiency of the generator, more waste of
energy in heating the cores, and also diminished output of the transformer, since the core is not properly utilized, the reversals
being too rapid. The inductive effect is also very small in certain phases, as will be apparent from a graphic representation, and
there may be periods of inaction, if there are intervals between the succeeding current impulses or waves. In producing a shifting
of the poles in the transformer, and thereby inducing currents, the induction is of the ideal character, being always maintained at
its maximum action. It is also reasonable to assume that by a shifting of the poles less energy will be wasted than by reversals. 
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— Experiments with Alternate Currents of High Potential and High
Frequency —

 
 
 

Lecture delivered before the I.E.E., London, February, 1892.

 
I cannot find words to express how deeply I feel the honor of addressing some of the foremost thinkers of the
present time, and so many able scientific men, engineers and electricians, of the country greatest in scientific
achievements.

The results which I have the honor to present before such a gathering I cannot call my own. There are among
you not a few who can lay better claim than myself on any feature of merit which this work may contain. I need
not mention many names which are world-known -- names of those among you who are recognized as the
leaders in this enchanting science; but one, at least, I must mention -- a name which could not bc omitted in a
demonstration of this kind. It is a name associated with the most beautiful invention ever made: it is Crookes!

When I was at college, a good time ago; I read, in a translation (for then I was not familiar with you magnificent
language), the description of his experiments on radiant matter. I read it only once in my life -- that time -- yet
every detail about that charming work I can remember this day. Few are the books, let me say, which can make
such an impression upon the mind of a student.

But if, on the present occasion, I mention this name as one of many your institution can boast of, it is because I
have more than one reason to do so. For what I have to tell you and to show you this evening concerns, in a
large measure, that same vague world which Professor Crookes has so ably explored; and, more than this,
when I trace back the mental process which led me to these advances -- which even by myself cannot be
considered trifling, since they are so appreciated by you -- I believe that their real origin, that which started me
to work in this direction, and brought me to them, after a long period of constant thought, was that fascinating
little book which I read many years ago.

And now that I have made a feeble effort to express my homage and acknowledge my indebtedness to him and
others among you, I will make a second effort, which I hope you will not find so feeble as the first, to entertain
you. 

Give me leave to introduce the subject in a few words.

A short time ago I had the honor to bring before our American Institute of Electrical Engineers some results
then arrived at by me in a novel line of work. I need not assure you that the many evidences which I have
received that English scientific men and engineers were interested in this work have been for me a great
reward and encouragement. I will not dwell upon the experiments already described, except with the view of
completing, or more clearly expressing, some ideas advanced by me before, and also with the view of
rendering the study here presented self-contained, and my remarks on the subject of this evening's lecture
consistent.

This investigation, then, it goes without saying, deals with alternating currents, and, to be more precise, with
alternating currents of high potential and high frequency. Just in how much a very high frequency is essential
for the production of the results presented is a question which, even with my present experience, would
embarrass me to answer. Some of the experiments may be performed with low frequencies; but very high
frequencies are desirable, not only on account of the many effects secured by their use, but also as a
convenient means of obtaining, in the induction apparatus employed, the high potentials, which in their turn are
necessary to the demonstration of most of the experiments here contemplated.
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Of the various branches of electrical investigation, perhaps the most interesting and immediately the most
promising is that dealing with alternating currents. The progress in this branch of applied science has been so
great in recent years that it justifies the most sanguine hopes. Hardly have we become familiar with one fact,
when novel experiences are met with and new avenues of research are opened. Even at this hour possibilities
not dreamed of before are, by the use of these currents, partly realized. As In nature all is ebb and tide, all is
wave motion, so it seems that in all branches of industry alternating currents -- electric wave motion -- will have
the sway.

One reason, perhaps, why this brand of science is being so rapidly developed is to be found in the interest
which is attached to its experimental study. We wind a simple ring of iron with coils; we establish the
connections to the generator, and with wonder and delight we note the effects of strange forces which we bring
into play, which allow us to transform, to transmit and direct energy at will. We arrange the circuits properly, and
we see the mass of iron and wires behave as though it were endowed with life, spinning a heavy armature,
through invisible connections, with great speed and power with the energy possibly conveyed from a great
distance. We observe how the energy of an alternating current traversing the wire manifests itself -- not so
much in the wire as in the surrounding space -- in the most surprising manner, taking the forms of heat, light,
mechanical energy, and, most surprising of all, even chemical affinity. All these observations fascinate us, and
fill us with an intense desire to know more about the nature of these phenomena. Each day we go to our work
in the hope of discovering -- in the hope that some one, no matter who, may find a solution of one of the
pending great problems, -- and each succeeding day we return to our task with renewed ardor; and even if we
are unsuccessful, our work has not been in vain, for in these strivings, in these efforts, we have hours of untold
pleasure, and we have directed our energies to the benefit of mankind.

We may take -- at random, if you choose -- any of the many experiments which may be performed with
alternating currents; a few of which only, and by no means the mast striking, form the subject of this evening's
demonstration; they are all equally interesting, equally inciting to thought.

Here is a simple glass tube from which the air has been partially exhausted. I take hold of it; I bring my body in
contact with a wire conveying alternating currents of high potential, and the tube in my hand is brilliantly lighted.
In whatever position I may put it, wherever I may move it in space, as far as I can reach, its soft, pleasing light
persists with undiminished brightness.

Here is an exhausted bulb suspended from a single wire. Standing on an insulated support, I grasp it, and a
platinum button mounted in it is brought to vivid incandescence.

Here, attached to a leading wire is another bulb, which, as I touch its metallic socket, is filled with magnificent
colors of phosphorescent light.

Here still another, which by my fingers' touch casts a shadow-- the Crookes shadow, of the stem inside of it.

Here, again, insulated as I stand on this platform, I bring my body in contact with one of the terminals of the
secondary of this induction coil -- with the end of s wire many miles long -- and you see streams of light break
forth from its distant end, which is set in violent vibration.

Here, once more, attach these two plates of wire gauze to the terminals of the coil, I set them a distance apart,
and I set the coil to work. You may see a small spark pass between the plates. I insert a thick plate of one of
the best dielectrics between them, and instead of rendering altogether impossible, as we are used to expect, I
aid the passage of the discharge, which, as I insert the plate, merely changes in appearance and assumes the
form of luminous streams.

Is there, I ask, can there be, a more interesting study than that of alternating currents?

In all these investigations, in all these experiments, which ate so very, very interesting, for many years past --
ever since the greatest experimenter who lectured in this hall discovered its principle -- we have had a steady
companion, an appliance familiar to every one, a plaything once, a thing of momentous importance now -- the
induction coil. There is no dearer appliance to the electrician. From the ablest among you, I dare say, down to
the inexperienced student, to your lecturer, we all have passed many delightful hours in experimenting with the
induction coil. We have watched its play, and thought and pondered over the beautiful phenomena which it
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disclosed to our ravished eyes. So well known is this apparatus, so familiar are these phenomena to every one,
that my courage nearly fails me when I think that I have ventured to address so able an audience, that I have
ventured to entertain you with that same old subject. Here in reality is the same apparatus, and here are the
same phenomena, only the apparatus is operated somewhat differently, the phenomena are presented in n
different aspect. Some of the results we find as expected, others surprise us, but all captivate our attention, for
in scientific investigation each novel result achieved may be the centre of a new departure, each novel fact
learned may lead to important developments.

Usually in operating an induction foil we have set up a vibration of moderate frequency in the primary, either by
means of an interrupter or break, or by the use of an alternator. Earlier English investigators, to mention only
Spottiswoode and J. E. H. Gordon, have used a rapid break in connection with the coil. Our knowledge and
experience of to-day enables us to see clearly why these coils under the conditions of the tests did not disclose
any remarkable phenomena, and why able experimenters failed to perceive many of the curious effects which
have since been observed. 

In the experiments such as performed this evening, we operate the coil either from a specially constructed
alternator capable of giving many thousands of reversals of current per second, or, by disruptively discharging
a condenser through the primary, we set up a vibration in the secondary circuit of a frequency of many hundred
thousand or millions per second, if we so desire; and in using either of these means we enter a field as yet
unexplored.

It is impossible to pursue an investigation in any novel line without finally making some interesting observation
or learning some useful fact. That this statement is applicable to the subject of this lecture the many curious
and unexpected phenomena which we observe afford a convincing proof. By way of illustration, take for
instance the most obvious phenomena, those of the discharge of the induction coil.

Here is a coil which is operated by currents vibrating with extreme rapidity, obtained by disruptively discharging
a Leyden jar. It would not surprise a student were the lecturer to say that the secondary of this coil consists of a
small length of comparatively stout wire; it would not surprise him were the lecturer to state that, in spite of this,
the coil is capable of giving any potential which the best insulation of the turns is able to withstand; but although
he may be prepared, and even be indifferent as to the anticipated result, yet the aspect of the discharge of the
coil will surprise and interest him. Every one is familiar with the discharge of an ordinary coil; it need not be
reproduced here. But, by way of contrast, here is a form of discharge of a coil, the primary current of which is
vibrating several hundred thousand times per second. The discharge of an ordinary coil appears as a simple
line or band of light. The discharge of this coil appears in the form of powerful brushes and luminous streams
issuing from all points of the two straight wires attached to the terminals of the secondary (Fig. 1.) Now
compare this phenomenon which you have just witnessed with the discharge of a Holtz or Wimshurst machine
-- that other interesting appliance, so dear to the experimenter. What a difference there is between these
phenomena! And yet, had I made the necessary arrangements -- which could have been made easily, were it
not that they would interfere with other experiments -- I could have produced with this coil sparks which, had I
the coil hidden from your view and only two knobs exposed, even the keenest observer among you would find it
difficult, if not impossible, to distinguish from those of an influence or friction machine. This may be done in
many ways -- for instance, by operating the induction coil which charges the condenser from an
alternating-current machine of very low frequency, and preferably adjusting the discharge circuit so that there
are no oscillations set up in it. We then obtain in the secondary circuit, if the knobs are of the required size and
properly set, a more or less rapid succession of sparks of great intensity and small quantity, which possess the
same brilliancy, and are accompanied by the same sharp crackling sound, as those obtained from a friction or
influence machine.
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Another way is to pass through two primary circuits, having a common secondary, two currents of a slightly
different period, which produce in the secondary circuit sparks occurring at comparatively long intervals. But,
even with the means at hand this evening, I may succeed in imitating the spark of a Holtz machine. For this
purpose I establish between the terminals of the coil which charges the condenser a long, unsteady arc, which
is periodically interrupted by the upward current of air produced by it. To increase the current of air I place on
each side of the arc, and close to it, a large plate of mica. The condenser charged from this coil discharge into
the primary circuit of a second coil through a small air gap, which is necessary to produce a sudden rush of
current through the primary. The scheme of connections in the present experiment is indicated in Fig. 2.

G is an ordinarily constructed alternator, supplying the primary P of an induction coil, the secondary S of which
charges the condensers or jars C C. The terminals of the secondary are connected to the inside coatings of the
jars, the outer coatings being connected to the ends of the primary p p of a second induction coil. This primary
p p has a small air gap a b.

The secondary s of this coil is provided with knobs or spheres K K of the proper size and set at a distance
suitable for the experiment. 

A long arc is established between the terminals A B of the first induction coil. M M are the mica plates.

Each time the arc is broken between A and B the jars are quickly charged and
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discharged through the Primary p p, producing a snapping spark between the knobs K K. Upon the arc forming
between A and B the potential falls, and the jars cannot be charged to such high potential as to break through
the air gap a b until the arc is again broken by the draught.

In this manner sudden impulses, at long intervals, are produced in the primary P P, which in the secondary s
give n corresponding number of impulses of great intensity. If the secondary knobs or spheres K K are of the
proper size, the sparks show much resemblance to those of a Holtz machine. But these two effects, which to
the eye appear so very different, are only two of the many discharge phenomena. We only need to change the
conditions of the test, and again we make other observations of interest.

When, instead of operating the induction coil as in the last two experiments, we operate it from a high
frequency alternator, as in the next experiment, a systematic study of the phenomena is rendered mud•1 more
easy. In such case, in varying the strength and frequency of the currents through the primary, we may observe
five distinct forms of discharge, which I have described in my former paper on the subject* before the American
Institute of Electrical Engineers, May 20, 1891.

It would take too much time, and it would lead us too far from the subject presented this evening, to reproduce
all these forms, but it seems to me desirable to show you one of them. It is a brush discharge, which is
interesting in more than one respect. Viewed from a near position it resembles much a jet of gas escaping
under great pressure. We know that the phenomenon is due to the agitation of the molecules near the terminal,
and we anticipate that some heat must be developed by the impact of the molecules against the terminal or
against each other. Indeed, we find that the brush is hot, and only a little thought leads us to the conclusion
that, could we but reach sufficiently high frequencies, we could produce a brush which would give intense light
and heat, and which would resemble in every particular an ordinary flame, save, perhaps, that both phenomena
might not be due to the same agent -- save, perhaps, that chemical affinity might not be electrical in its nature.
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As the production of heat and light is here due to the impact of the molecules, or atoms of air, or something
else besides, and, as we can augment the energy simply by raising the potential, we might, even with
frequencies obtained from a dynamo machine, intensify the action to such a degree as to bring the terminal to
melting heat. But with such low frequencies we would have to deal always with something of the nature of an
electric current. If I approach a conducting object to the brush, a thin little spark passes, yet, even with the
frequencies used this evening, the tendency to spark is not very great. So, for instance, if I hold a metallic
sphere at some distance above the terminal you may see the whole space between the terminal and sphere
illuminated by the streams without the spark passing; and with the much higher frequencies obtainable by the
disruptive discharge of a condenser, were it not for the sudden impulses, which are comparatively few in
number, sparking would not occur even at very small distances. However, with incomparably higher
frequencies, which we may yet find means to produce efficiently, and provided that electric impulses of such
high frequencies could be transmitted through a conductor, the electrical characteristics of the brush discharge
would completely vanish -- no spark would pass, no shock would be felt -- yet we would still have to deal with
an electric phenomenon, but in the broad, modern interpretation of the word. In my first paper before referred to
I have pointed out the curious properties of the brush, and described the best manner of producing it, but I have
thought it worth while to endeavor to express myself more clearly in regard to this phenomenon, because of its
absorbing interest.

* See The Electrical World, July 11, 1891.

When a coil is operated with currents of very high frequency, beautiful brush effects may be produced, even if
the coil be of comparatively small dimensions. The experimenter may vary them in many ways, and, if it were
nothing else, they afford a pleasing sight. What adds to their interest is that they may be produced with one
single terminal as well as with two -- in fact, often better with one than with two. 
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But of all the discharge phenomena observed, the most pleasing to the eye, and the most instructive, are those
observed with a coil which is operated by means of the disruptive discharge of a condenser. The power of the
brushes, the abundance of the sparks, when the conditions are patiently adjusted, is often amazing. With even
a very small coil, if it be so well insulated as to stand a difference of potential of several thousand volts per turn,
the sparks may be so abundant that the whole coil may appear a complete mass of fire.

Curiously enough the sparks, when the terminals of the coil are set at a considerable distance, seem to dart in
every possible direction as though the terminals were perfectly independent of each other. As the sparks would
soon destroy the insulation it is necessary to prevent them. This is best done by immersing the coil in a good
liquid insulator, such as boiled-out oil. Immersion in a liquid may be considered almost an absolute necessity
for the continued and successful working of such a coil. 

It is, of course, out of the question, in an experimental lecture, with only a few minutes at disposal for the
performance of each experiment, to show these discharge phenomena to advantage, as to produce each
phenomenon at its best a very careful adjustment is required. But even if imperfectly produced, as they are
likely to be this evening, they are sufficiently striking to interest an intelligent audience.

Before showing some of these curious effects I must, for the sake of completeness, give a short description of
the coil and other apparatus used in the experiments with the disruptive discharge this evening.

It is contained in a box B (Fig. 3) of thick boards of hard wood, coveted on the outside with zinc sheet Z, which
is carefully soldered all around. It might be advisable, in a strictly scientific investigation, when accuracy is of
great importance, ~o do away with the metal covet, as it might introduce many errors, principally on account of
its complex action upon the coil, as a condenser of very small capacity and as an electrostatic and
electromagnetic screen. When the coil is used for such experiments as are here contemplated, the employment
of the metal cover offers some practical advantages, but these are not of sufficient importance to be dwelt
upon.

The coil should be placed symmetrically to the metal cover, and the space between should, of course, not be
too small, certainly not less than, say, five centimeters, but much more if possible; especially the two sides of
the zinc box, which are at right angles to the axis of the coil, should be sufficiently remote from the latter, as
otherwise they might impair its action and be a source of loss.

The coil consists of two spools of hard rubber R R held apart at a distance of 10 centimetres by bolts c and nuts
n, likewise of hard rubber. Each spool comprises a tube T of approximately 8 centimetres inside diameter, and
3 millimetres thick, upon which are screwed two flanges F F, 24 centimetres square, the space between the
flanges being about 3 centimetres. The secondary, S S, of the best gutta percha-covered wire, has 26 layers,
10 turns in each, giving for each half a total of 260 turns. The two halves are wound oppositely and connected
in series, the connection between both being made over the primary. This disposition besides being
convenient, has the advantage that when the coil is well balanced -- that is, when both of its terminals T1 T1
are connected to bodies or devices of equal capacity -- there is not much danger of breaking through to the
primary, and the insulation between the primary and the secondary need not be thick. In using the coil it is
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advisable to attach to both terminals devices of nearly equal capacity, as, when the capacity of the terminals is
not equal, sparks will be apt to pass to the primary. To avoid this, the middle point of the secondary may be
connected to the primary, but this is not always practicable.

The primary P P is wound in two parts, and oppositely, upon a wooden spool W, and the four ends are led out
of the oil through hard rubber tubes t t. The ends of the secondary T1 T1 are also led out of the oil through
rubber tubes tl tl of great thickness. The primary and secondary layers are insulated by cotton cloth, the
thickness of the insulation, of course, bearing some proportion to the difference of potential between the turns
of the different layers. Each half of the primary has four layers, 24 turns in each, this giving a total of 96 turns.
When both the parts are connected in series, this gives a ratio of conversion of about 1:2.7, and with the
primaries in multiple, 1:5,4 but in operating with very rapidly alternating currents this ratio does not convey even
an approximate idea of the ratio of the E.M.Fs. in the primary and secondary circuits. The coil is held in position
in the oil on wooden supports, there being about 5 centimetres thickness of oil all round. Where the oil is not
specially needed, the space is filled with pieces of wood, and for this purpose principally the wooden box B
surrounding the whole is used.

The construction here shown is, of course, not the best on general principles, but I believe it is a good and
convenient one for the production of effects in which are excessive potential and a very small current are
needed.

In connection with the coil I use either the ordinary form of discharger or a modified form. In the former I have
introduced two changes which secure some advantages, and which are obvious. If they are mentioned, it is
only in the hope that some experimenter may find them of use.

One of the changes is that the adjustable knobs A and B (Fig. 4), of the discharger are held in jaws of brass, J
J, by spring pressure, this allowing of turning them successively into different positions, and so doing away with
the tedious process or frequent polishing up.

The other change consists in the employment of a strong electromagnet N S, which is placed with its axis at
right angles to the line joining the knobs A and B, and produces a strong magnetic field between them. The
pole pieces of the magnet are movable and properly formed so as to protrude between the brass knobs, in
order to make the field

as intense as possible; but to prevent the discharge from jumping to thc magnet the pole pieces are protected
by a layer of mica, M M, of sufficient thickness. sl sl and s2 s2 are screws for fastening the wires. On each side
one of the screws is for large and the other for small wires. L L are screws for fixing in position the rods R R,
which support the knobs.

In another arrangement with the magnet I take the discharge between the rounded pole pieces themselves,
which in such case are insulated and preferably provided with polished brass caps.

The employment of an intense magnetic field is of advantage principally when the induction coil or transformer
which charges the condenser is operated by currents of very low frequency. In such a case the number of the
fundamental discharges between the knobs may be so small as to render the currents produced in the
secondary unsuitable for many experiments. The intense magnetic field than serves to blow out the arc
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between the knobs as soon as it is formed, and the fundamental discharges occur in quicker succession.

Instead of the magnet, a draught or blast of air may be employed with some advantage. In this case the arc is
preferably established between the knobs A B, in Fig. 2 (the knobs a b being generally joined, or entirely done
away with), as in this disposition the arc is long and unsteady, and is easily affected by the draught. 

When a magnet is employed to break the arc, it is better to choose the connection indicated diagrammatically in
Fig 5, as in this case the currents forming the arc are much more powerful, and the magnetic field exercises a
greater influence. The use of the magnet permits, however, of the arc being replaced by a vacuum tube, but I
have encountered great difficulties in working with an exhausted tube.

The other form of discharger used in these and similar experiments is indicated in Figs. 6 and 7. It consists of a
number of brass pieces c c (Fig. 6), each of which comprises a spherical middle portion m with an extension e
below -- which is merely used to fasten the piece in a lathe when polishing up the discharging surface -- and a
column above, which consists of a knurled flange f surmounted by a threaded stem I carrying a nut n, by means
of which a wire is fastened to the column. The flange f

conveniently serves for holding the brass piece when fastening the wire, and also for turning it in any position
when it becomes necessary to present a fresh discharging surface. Two stout strips of hard rubber R R, with
planed grooves 

g g (Fig. 7) to fit the middle portion of the pieces c c, serve to clamp the latter and hold them firmly in position
by means of two bolts C C (of which only one is shown) passing through the ends of the strips.

In the use of this kind of discharger I have found three principal advantages over the ordinary form. First, the
dielectric strength of a given total width of air space is greater when a great many small air gaps are used
instead of one, which permits of working with a smaller length of air gap, and that means smaller loss and less
deterioration of the metal; secondly by reason of splitting the arc up into smaller arcs, the Polished surfaces are
made to last much longer; and, thirdly, the apparatus affords some gauge in the experiments. I usually set the
pieces by putting between them sheets of uniform thickness at a certain very small distance which is known
from the experiments of Sir William Thomson to require a certain electromotive force to be bridged by the
spark.

It should, of course, be remembered that the sparking distance is much diminished as the frequency is
increased. By taking any number of spaces the experimenter has a rough idea of the electromotive force, and
he finds it easier to repeat an experiment, as he has not the trouble of setting the knobs again and again. With
this kind of discharger I have been able to maintain an oscillating motion without any spark being visible with
the naked eye between the knobs, and they would not show a very appreciable rise in temperature. This form
of discharge also lends itself to many arrangements of condensers and circuits which are often very convenient
and timesaving. I have used it preferably in a disposition similar to that indicated in Fig. 2, when the currents
forming the arcs are small.

I may here mention that I have also used dischargers with single or multiple air gaps, in which the discharge
surfaces were rotated with great speed. No particular advantage was, however, gained by this method, except
in cases where the currents from the condenser were large and the keeping cool of the surfaces was
necessary, and in cases when, the discharge not being oscillating of itself, the arc as soon as established was
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broken by the air current, thus starting the vibration at intervals in rapid succession. I have also used
mechanical interrupters in many ways. To avoid the difficulties with frictional contacts, the Preferred plan
adopted was to establish the arc and rotate through it at great speed a rim of mica provided with many holes
and fastened to a steel plate.

It is understood, of course, that the employment of a magnet, air current, or other interrupter, produces an
effect worth noticing, unless the self-induction, capacity and resistance are so related that there are oscillations
set up upon each interruption.

I will now endeavor to show you some of the most noteworthy of these discharge phenomena.

I have stretched across the room two ordinary cotton covered wires, each about 7 metres in length. They are
supported on insulating cords at a distance of about 30 centimetres. I attach now to each of the terminals of the
coil one of the wires and set the coil in action. Upon turning the lights off in the room you see the wires strongly
illuminated by the streams issuing abundantly from their whole surface in spite of the cotton covering, which
may even be very thick. When the experiment is performed under good conditions, the light from the wires is
sufficiently intense to allow distinguishing the objects in a room. To produce the best result it is, of course,
necessary to adjust carefully the capacity of the jars, the arc between the knobs and the length of the wires. My
experience is that calculation of the length of the wires leads, in such case, to no result whatever. The
experimenter will do best to take the wires at the start very long, and then adjust by cutting off first long pieces,
and then smaller and smaller ones as he approaches the right length.

A convenient way is to use an oil condenser of very small capacity, consisting of two small adjustable metal
plates, in connection with this and similar experiments. In such case I take wires rather short and set at the
beginning the condenser plates at maximum distance. If the streams for the wires increase by approach of the
plates, the length of the wires is about right; if they diminish the wires are too long for that frequency and
potential. When a condenser is used in connection with experiments with such a coil, it should be an oil
condenser by all means, as in using an air condenser considerable energy might be wasted. The wires leading
to the plates in the oil should be very thin, heavily coated with some insulating compound, and provided with n
conducting covering -- this preferably extending under the surface of the oil. The conducting cover should not
be too near the terminals, or ends, of the wire, as a spark would be apt to jump from the wire to it. The
conducting coating is used to diminish the air losses, in virtue of its action as an electrostatic screen. As to the
size of the vessel containing the oil and the site of the plates, the experimenter gains at once an idea from a
rough trial. The size of the plates in oil is, however, calculable, as the dielectric losses are very small.

In the preceding experiment it is of considerable interest to know what relation the quantity of the light emitted
bears to the frequency and potential of the electric impulses. My opinion is that the heat as well as light effects
produced should be proportionate, under otherwise equal conditions of test, to the product of frequency and
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square of potential, but the experimental verification of the law, whatever it may be, would be exceedingly
difficult. One thing is certain, at any rate, and that is, that in augmenting the potential and frequency we rapidly
intensify the streams; and, though it may be very sanguine, it is surely not altogether hopeless to expect that
we may succeed in producing a practical illuminant on these lines. We would then be simply using burners or
flames, in which there would be no chemical process, no consumption of material, but merely a transfer of
energy, and which would, in all probability emit more light and less heat than ordinary flames.

The luminous intensity of the streams is, of course, considerably increased when they are focused upon a small
surface. This may be shown by the following experiment:

I attach to one of the terminals of the coil a wire w (Fig. 8), bent in a circle of about 30 centimetres in diameter,
and to the other terminal I fasten a small brass sphere s, the surface of the wire being preferably equal to the
surface of the sphere, and the centre of the latter being in a line at right angles to the plane of the wire circle
and passing through its centre. When the discharge is established under proper conditions, a luminous hollow
cone is formed, and in the dark one-half of the brass sphere is strongly illuminated, as shown in the cut.

By some artifice or other, it is easy to concentrate the streams upon small surfaces and to produce very strong
light effects. Two thin wires may thus be rendered intensely luminous. In order to intensify the streams, the
wires should be very thin and short; but as in this case their capacity would be generally too small for the coil -
at least, for such a one as the present -- it is necessary to augment the capacity to the required value, while, al
the same time, the surface of the wires remains very small. This may be done in many ways. 

Here, for instance, I have two plates R R, of hard rubber (Fig. 9), upon which I have glued two very thin wires w
w, so as to form a name. The wires may be bare or covered with the best insulation -- it is immaterial for the
success of the experiment. Well-insulated wires, if anything, are preferable. On the back of each plate,
indicated by the shaded portion, is a tinfoil coating t t. The plates are placed in line at a sufficient distance to
prevent a spark passing from one to the other wire. The two tinfoil coatings I have joined by a conductor C, and
the two wires I presently connect to the terminals of the coil. It is now easy, by varying the strength and
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frequency of the currents through the primary, to find a point at which the capacity of the system is best suited
to the conditions, and the wires become so strongly luminous that, when the light in the room is turned off the
name formed by them appears in brilliant letters.

It is perhaps preferable to perform this experiment with a coil operated from an alternator of high frequency, as
then, owing to the harmonic rise and fall, the streams are very uniform, though they are less abundant than
when produced with such a coil as the present. This experiment, however, may be performed with low
frequencies, but much less satisfactorily.

When two wires, attached to the terminals of the coil, are set at the proper distance, the streams between them
may be so intense as to produce a continuous luminous sheet. To show this phenomenon I have here two
circles, C and c (Fig. 10), of rather stout wire, one being about 80 centimetres and the other 30 centimetres in
diameter. To each of the terminals of the coil I attach one of the circles. The supporting wires are so bent that
the circles may be placed in the same plane, coinciding as nearly as possible. When the light in the room is
turned off and the coil set to work, you see the whole space between the wires uniformly filled with streams,
forming a luminous disc, which could be seen from a considerable distance, such is the intensity of the
streams. The outer circle could have been much larger than the present one; in fact, with this coil I have used
much larger circles, and I have been able to produce a strongly luminous sheet, covering an area of more than
one square metre, which is a remarkable effect with this very small coil. To avoid uncertainty, the circle has
been taken smaller, and the area is how about 0,43 square metre.

The frequency of the vibration, and the quickness of succession of the sparks between the knobs, affect to a
marked degree the appearance of the streams. When the frequency is very low, the air gives way in more or
less the same manner, as by a steady difference of potential, and the streams consist of distinct threads,
generally mingled with thin sparks, which probably correspond to the successive discharges occurring between
the knobs. But when the frequency is extremely high, and the arc of the discharge produces a very loud but
smooth sound -- showing both that oscillation takes place and that the sparks succeed each other with great
rapidity -- then the luminous streams formed are perfectly uniform. To reach this result very small coils and jars
of small capacity should be used. I take two tubes of thick Bohemian glass, about 5 centimetres in diameter
and 20 centimetres long. In each of the tubes I slip a primary of very thick copper wire. On the top of each tube
I wind a secondary of much thinner gutta-percha covered wire. The two secondaries I connect in series, the
primaries preferably in multiple arc. The tubes are then placed in a large glass vessel, at a distance of l0 to 15
centimetres from each other, on insulating supports, and the vessel is filled with boiled out oil, the oil reaching
about an inch above the tubes. The free ends of the secondary are lifted out of the oil and placed parallel to
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each other at a distance of about 10 centimetres. The ends which are scraped should be dipped in the oil. Two
four-pint jars joined in series may be used to discharge through the primary. When the necessary adjustments
in the length and distance of the wires above the oil and in the arc of discharge are made, a luminous sheet is
produced between the wires, which is perfectly smooth and textureless, like the ordinary discharge through a
moderately exhausted tube.

I have purposely dwelt upon this apparently insignificant experiment. In trials of this kind the experimenter
arrives at the startling conclusion that, to pass ordinary luminous discharges through gases, no particular
degree of exhaustion is needed, but that the gas may be at ordinary or even greater pressure. To accomplish
this, a very high frequency is essential; a high potential is likewise required, but this is a merely incidental
necessity. These experiments teach us that, in endeavoring to discover novel methods of producing light by the
agitation of atoms, or molecules, of a gas, we need not limit our research to the vacuum tube, but may look
forward quite seriously to the possibility of obtaining the light effects without the use of any vessel whatever,
with air at ordinary pressure.

Such discharges of very high frequency, which render luminous the air at ordinary pressures, we have probably
often occasion to witness in Nature. I have no doubt that if, as many believe, the aurora borealis is produced by
sudden cosmic disturbances, such as eruptions at the sun's surface, which set the electrostatic charge of the
earth in an extremely rapid vibration the red glow observed is not confined to the upper rarefied strata of the air,
but the discharge traverses, by reason of its very high frequency, also the dense - atmosphere in the form of a
glow, such as we ordinarily produce in a slightly exhausted tube. If the frequency were very low or even more
so, if the charge were not at all vibrating, the dense air would break down as in a lightning discharge.
Indications of such breaking down of the lower dense strata of the air have been repeatedly observed at the
occurrence of this marvelous phenomenon; but if it does occur; it can only be attributed to thc fundamental
disturbances, which are few in number, for the vibration produced by them would be far too rapid to allow a
disruptive break. It is the original and irregular impulses which affect the instruments; the superimposed
vibrations probably pass unnoticed.

When an ordinary low frequency discharge is passed through moderately rarefied air, the air assumes a
purplish hue. If by some means or other we increase the intensity of the molecular, or atomic, vibration, the gas
changes to a white color. A similar change occurs at ordinary pressures with electric impulses of very high
frequency. If the molecules of the air around a wire are moderately agitated, the brush formed is reddish or

Storia dell'elettricità: Tesla -Experiments with Alternate Currents of High Potential and High Frequency



violet; if the vibration is rendered sufficiently intense, the streams become white. We may accomplish this in
various ways. In the experiment before shown with the two wires across the room, I have endeavored to secure
the result by pushing to a high value both the frequency and potential; in the experiment with the thin wires
glued on the rubber plate I have concentrated the action upon a very small surface -- in other words, I have
worked with a great electric density.

A most curious form of discharge is observed with such a coil when the frequency and potential are pushed to
the extreme limit. To perform the experiment, every part of the coil should be heavily insulated, and only two
small spheres -- or, better still, two sharp-edged metal discs (d d, Fig. 11) of no mote than a few centimetres in
diameter -- should be exposed to the air. The coil here used immersed in oil, and the ends of the secondary
reaching out of the oil are covered with an airtight cover of hard rubber of great thickness. All cracks, if there
are any, should be carefully stopped up, so that the brush discharge cannot form anywhere except on the small
spheres or plates which are exposed to the air. In this case, since there are no large plates or other bodies of
capacity attached to the terminals, the coil is capable of an extremely rapid vibration. The potential may be
raised by increasing, as far as the experimenter judges proper, the rate of change of the primary current. With a
coil not widely differing from the present, it is best to connect the two primaries in multiple arc; but if the
secondary should have a much greater number of turns the primaries should preferably be used in series, as
otherwise the vibration might be too fast for the secondary. It occurs under these conditions that misty white
streams break forth from the edges of the discs and spread out phantom-like into space. With this coil, when
fairly well produced, they are about 25 to 30 centimetres long. When the hand is held against them no
sensation is produced, and a spark, causing a shock, jumps from the terminal only upon the hand being
brought much nearer. If the oscillation of the primary current is rendered intermittent by some means or other,
there is a corresponding throbbing of the streams, and now the hand or other conducting object may be brought
in still greater proximity to the terminal without a spark being caused to jump.

Among the many beautiful phenomena which may be produced with such a coil I have here selected only those
which appear to possess some features of novelty, and lead us to some conclusions of interest. One will not
find it at all difficult to produce in the laboratory, by means of it, many other phenomena which appeal to the eye
even more than these here shown, but present no particular feature of novelty.

Early experimenters describe the display of sparks produced by an ordinary large induction coil upon an
insulating plate separating the terminals. Quite recently Siemens performed some experiments in which fine
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effects were obtained, which were seen by many with interest. No doubt large coils, even if operated with
currents of low frequencies, are capable of producing beautiful effects. But the largest coil ever made could not,
by far, equal the magnificent display of streams and sparks obtained from such a disruptive discharge coil when
properly adjusted. To give an idea, a coil such as the present one will cover easily a plate of 1 metre in
diameter completely with the streams. The best way to perform such experiments is to take a very thin rubber
or a glass plate and glue on one side of it a narrow ring of tinfoil of very large diameter, and on the other a
circular washer, the centre of the latter coinciding with that of the ring, and the surfaces of both being preferably
equal, so as to keep the coil well balanced. The washer and ring should be connected to the terminals by
heavily insulated thin wires. It is easy in observing the effect of the capacity to produce a sheet of uniform
streams, or a fine network of thin silvery threads, or a mass of loud brilliant sparks, which completely cover the
plate.

Since I have advanced the idea of the conversion by means of the disruptive discharge, in my paper before the
American Institute of Electrical Engineers at the beginning of the past year, the interest excited in it has been
considerable. It affords us a means for producing any potentials by the aid of inexpensive coils operated from
ordinary systems of distribution, and -- what is perhaps more appreciated-- it enables us to convert currents of
any frequency into currents of any other lower or higher frequency. But its chief value will perhaps be found in
the help which it will afford us in the investigations of the phenomena of phosphorescence, which a disruptive
discharge coil is capable of exciting in innumerable cases where ordinary coils, even the largest, would utterly
fail.

Considering its probable uses for many practical purposes, and its possible

introduction into laboratories for scientific research, a few additional remarks as to the construction of such a
coil will perhaps not be found superfluous.

It is, of course, absolutely necessary to employ in such a coil wires provided with the best insulation.

Good coils may be produced by employing wires covered with several layers of cotton, boiling the coil a long
time in pure wax, and cooling under moderate pressure. The advantage of such a coil is that it can be easily
handled, but it cannot probably give as satisfactory results as a coil immersed in pure oil. Besides, it seems that
the presence of a large body of wax affects the coil disadvantageously, whereas this does not seem to be the
case with oil. Perhaps it is because the dielectric losses in the liquid are smaller.

I have tried at first silk and cotton covered wires with oil immersion; but I have been gradually led to use
gutta-percha covered wires, which proved most satisfactory. Gutta-percha insulation adds, of course, to the
capacity of the coil, and this, especially if the coil be large, is a great disadvantage when extreme frequencies
are desired; but, on the other hand, gutta-percha will withstand much more than an equal thickness of oil, and
this advantage should be secured at any price. Once the coil has been immersed, it should never be taken out
of the oil for more than a few hours, else the gutta-percha will crack up and the coil will not be worth half as
much as before. Gutta-percha is probably slowly attacked by the oil, but after an immersion of eight to nine
months I have found no ill effects.

I have obtained in commerce two kinds of gutta-percha wire: in one the insulation sticks tightly to the metal, in
the other it does not. Unless a special method is followed to expel all air, it is much safer to use the first kind. I
wind the coil within an oil tank so that all interstices are filled up with the oil. Between the layers I use cloth
boiled out thoroughly in oil, calculating the thickness according to the difference of potential between the turns.
There seems not to be a very great difference whatever kind of oil is used; I use paraffin or linseed oil.

To exclude more perfectly the air, an excellent way to proceed, and easily practicable with small coils, is the
following: Construct a box of hard wood of very thick boards which have been for a long time boiled in oil. The
boards should be so joined as to safely withstand the external air pressure. The coil being placed and fastened
in position within the box, the latter is closed with a strong lid, and covered with closely fitting metal sheets, the
joints of which are soldered very carefully. On the top two small holes are drilled, passing through the metal
sheet and the wood, and in these holes two small glass tubes are inserted and the joints made air-tight. One of
the tubes is connected to a vacuum pump and the other with a vessel containing a sufficient quantity of
boiled-out oil. The latter tube has a very small hole at the bottom, and is provided with a stopcock. When a fairly
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good vacuum has been obtained, the stopcock is opened and the oil slowly fed in. Proceeding in this manner, it
is impossible that any big bubbles, which are the principal danger, should remain between the turns. The air is
most completely excluded, probably better than by boiling out, which, however, when gutta-percha coated wires
are used, is not practicable.

For the primaries I use ordinary line wire with thick cotton coating. Strands of very thin insulated wires properly
interlaced would, of course, be the best to employ for the primaries, but they are not to be had.

In an experimental coil the size of the wires is not of great importance. In the coil here used the primary is No,
12 and the secondary No. 24 Brown & Sharpe gauge wire; but the sections maybe varied considerably. I would
only imply different adjustments; the results aimed at would not be materially affected.

I have dwelt at some length upon the various forms of brush discharge because, in studying them, we not only
observe phenomena which please our eye, but also afford us food for thought, and lead us to conclusions of
practical importance. In the use of alternating currents of very high tension, too much precaution cannot be
taken to prevent the brush discharge. In a main conveying such currents, in an induction coil or transformer, or
in a condenser, the brush discharge is a source of great danger to the insulation. In a condenser especially the
gaseous matter must be most carefully expelled, for in it the charged surfaces are near each other, and if the
potentials are high, just as sure as a weight will fall if let go, so the insulation will give way if a single gaseous
bubble of some site be present, whereas, if all gaseous matter were carefully excluded, the condenser would
safely withstand a much higher difference of potential. A main conveying alternating currents of very high
tension may be injured merely by a blowhole or small crack in the insulation, the more so as a blowhole is apt
to contain gas at low pressure; and as it appears almost impossible to completely obviate such little
imperfections, I am led to believe that in our future distribution of electrical energy by currents of very high
tension liquid insulation will be used. The cost is a great drawback, but if we employ an oil as an insulator the
distribution of electrical energy with something like 100,000 volts, and even more, become, at least with higher
frequencies, so easy that they could be hardly called engineering feats. With oil insulation and alternate current
motors transmissions of power can be effected with safety and upon an industrial basis at distances of as much
as a thousand miles. 

A peculiar property of oils, and liquid insulation in general, when subjected to rapidly changing electric stresses,
is to disperse any gaseous bubbles whid•1 may be present, and diffuse them through its mass, generally long
before any injurious break can occur. This feature may be easily observed with an ordinary induction coil by
taking the primary out, plugging up the end of the tube upon which the secondary is wound, and fining it with
some fairly transparent insulator, such as paraffin oil. A primary of s diameter something like six millimetres
smaller than the inside of the tube may be inserted in the oil. When the coil is set to work one may see, looking
from the top through the oil, many luminous points -- air bubbles which are caught by inserting the primary, and
which ate rendered luminous in consequence of the violent bombardment. The occluded air, by its impact
against the oil, beats it; the oil begins to circulate, carrying some of the air along with it, until the bubbles are
dispersed and the luminous points disappear. In this manner, unless large bubbles are occluded in such way
that circulation is rendered impossible, a damaging break is averted, the only effect being a moderate warming
up of the oil. If, instead of the liquid, a solid insulation, no matter how thick, were used, a breaking through and
injury of the apparatus would be inevitable.

The exclusion of gaseous matter from any apparatus in which the dielectric is subjected to more or less rapidly
changing electric forces is, however, not only desirable in order to avoid a possible injury of the apparatus, but
also on account of economy. In a condenser, for instance, as long as only a solid or only a liquid dielectric is
used, the loss is small; but if a gas under ordinary or small pressure be present the loss may be very great.
Whatever the nature of the force acting in the dielectric may be, it seems that in a solid or liquid the molecular
displacement produced by the force is small: hence the product of force and displacement is insignificant,
unless the force be very great; but in a gas the displacement, and, therefore, this product is considerable; the
molecules are free to move, they reach high speeds, and the energy of their impact is lost in heat or otherwise.
If the gas be strongly compressed, the displacement due to the force is made smaller, and the losses are
reduced.

In most of the succeeding experiments I prefer, chiefly on account of the regular and positive action, to employ
the alternator before referred to. This is one of the several machines constructed by me for the purposes of
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these investigations. It has 384 pole projections, and is capable of giving currents of a frequency of about
10,000 per second. This machine has been illustrated and briefly described in my first paper before the
American Institute of Electrical Engineers, May 20, 1831, to which I have already referred. A more detailed
description, sufficient to enable any engineer to build a similar machine, will be found in several electrical
journals of that period. 

The induction coils operated from the machine are rather small, containing from 5,000 to 15,000 turns in the
secondary. They are immersed in boiled-out linseed oil, contained in wooden boxes covered with zinc sheet.

I have found it advantageous to reverse the usual position of the wires, and to wind, in these coils, the
primaries on the top; this allowing the use of a much bigger primary, which, of course, reduces the danger of
overheating and increases the output of the coil. I make the primary on each side at least one centimetre
shorter than the secondary, to prevent the breaking through on the ends, which would surely occur unless the
insulation on the top of the secondary be very thick, and this, of course, would be disadvantageous. 

When the primary is made movable, which is necessary in some experiments, and many times convenient for
the purposes of adjustment, I cover the secondary with wax, and turn it off in a lathe to a diameter slightly
smaller than the inside of the primary coil. The latter I provide with a handle reaching out of the oil, which
serves to shift it in any position along the secondary.

I will now venture to make, in regard to the general manipulation of induction coils, a few observations bearing
upon points which have not been fully appreciated in earlier experiments with such coils, and are even now
often overlooked. 

The secondary of the coil possesses usually such a high self-induction that the current through the wire is
inappreciable, and may be so even when the terminals ate joined by a conductor of small resistance. If capacity
is added to the terminals, the self-induction is counteracted, and a stronger current is made to flow through the
secondary, though its terminals are insulated from each other. To one entirely unacquainted with the properties
of alternating currents nothing will look more puzzling. This feature was illustrated in the experiment performed
at the beginning with the top plates of wire gauze attached to the terminals and the rubber plate. When the
plates of wire gauze were close together, and a small arc passed between them, the arc prevented a strong
current from passing through the secondary, because it did away with the capacity on the terminals; when the
rubber plate was inserted between, the capacity of the condenser formed counteracted the self-induction of the
secondary, a stronger current passed now, the coil performed more work, and the discharge was by far more
powerful. 

The first thing, then, in operating the induction coil is to combine capacity with the secondary to overcome the
self-induction. If the frequencies and potentials are very high gaseous matter should be carefully kept away
from the charged surfaces. If Leyden jars are used, they should be immersed in oil, as otherwise considerable
dissipation may occur if the jars are greatly strained. When high frequencies are used, it is of equal importance
to combine a condenser with the primary. One may use a condenser connected to the ends of the primary or to
the terminals of the alternator, but the latter is not to be recommended, as the machine might be injured. The
best way is undoubtedly to use the condenser in series with the primary and with the alternator, and to adjust
its capacity so as to annul the self-induction of both the latter. The condenser should be adjustable by very
small steps, and for a finer adjustment a small oil condenser with movable plates may be used conveniently.

I think it best at this juncture to bring before you a phenomenon, observed by me some time ago, which to the
purely scientific investigator may perhaps appear more interesting than any of the results which I have the
privilege to present to you this evening.

It may be quite properly ranked among the brush phenomena -- in fact, it is a brush, formed at, or near, a single
terminal in high vacuum.

In bulbs provided with a conducting terminal, though it be of aluminium, the brush has but an ephemeral
existence, and cannot, unfortunately, be indefinitely preserved in its most sensitive state, even in a bulb devoid
of any conducting electrode. In studying one phenomenon, by all means a bulb having no leading-in wire
should be used. I have found it best to use bulbs constructed as indicated in Figs. 12 and 13.
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In Fig. 12 the bulb comprises an incandescent lamp globe L, in the neck of which is sealed a barometer tube 6,
the end of which is blown out to form a small sphere s. This sphere should be sealed as closely as possible in
the centre of the large globe. Before sealing, a thin tube t, of aluminium sheet, may be slipped in the barometer
tube, but it is not important to employ it.

The small hollow sphere s is filled with some conducting powder, and a wire w is cemented in the neck for the
purpose of connecting the conducting powder with the generator.

The construction shown in Fig. 13 was chosen in order to remove from the brush any conducting body which
might possibly affect it. The bulb consists in this case of a lamp globe L, which has a neck n, provided with a
tube b and small sphere s, sealed to it, so that two entirely independent compartments are formed, as indicated
in the drawing. When the bulb is in use, the neck n is provided with a tinfoil coating, which is connected to the
generator and acts inductively upon the moderately rarefied and highly conducting gas enclosed in the neck.
From there the current passes through the tube b into the small sphere s, to act by induction upon the gas
contained in the globe L. 

It is of advantage to make the tube t very thick, the hole through it very small, and to blow the sphere s very
thin. It is of the greatest importance that the sphere J be placed in the centre of the globe L.

Storia dell'elettricità: Tesla -Experiments with Alternate Currents of High Potential and High Frequency



Figs. 14, 15 and 16 indicate different forms, or stages, of the brush. Fig. 14 shows the brush as it first appears
in a bulb provided with a conducting terminal: but, as in such a bulb it very soon disappears -- often after a few
minutes -- I will confine myself to the description of the phenomenon as seen in a bulb without conducting
electrode. It is observed under the following conditions:

When the globe L (Figs. 12 and 13) is exhausted to a very high degree, generally the bulb is not excited upon
connecting the wire w (Fig. 12) or the tinfoil coating of the bulb (Fig. 13) to the terminal of the induction coil. To
excite it, it is usually sufficient to grasp the globe L with the hand. An intense phosphorescence then spreads at
first over the globe, but soon gives place to a white, misty light. Shortly afterward one may notice that the
luminosity is unevenly distributed in the globe, and after passing the current for some time the bulb appears as
in Fig. 15. From this stage the phenomenon will gradually pass to that indicated in Fig. 16, after some minutes,
hours, days or weeks, according as the bulb is worked. Warming the bulb or increasing the potential hastens
the transit.

When the brush assumes the form indicated in Fig. 16, it may be brought to a state of extreme sensitiveness to
electrostatic and magnetic influence. The bulb hanging straight down from a wire, and all objects being remote
from it, the approach of the observer at a few paces from the bulb will cause the brush to fly to the opposite
side, and if he walks around the bulb it will always keep on the opposite side. It may begin to spin around the
terminal long before it reaches that sensitive stage. When it begins to turn around principally, but also before, it
is affected by a magnet and at a certain stage it is susceptible to magnetic influence to an astonishing degree.
A small permanent magnet, with its poles at a distance of no more than two centimetres, will affect it visibly at a
distance of two metres, slowing down or accelerating the rotation according to how it is held relatively to the
brush. I think I have observed that at the stage when it is most sensitive to magnetic, it is not most sensitive to
electrostatic, influence. My explanation is, that the electrostatic attraction between the brush and the glass of
the bulb, which retards the rotation, grows much quicker than the magnetic influence when the intensity of the
stream is increased.

When the bulb hangs with the globe L down, the rotation is always clockwise. In the southern hemisphere it
would occur in the opposite direction and on the equator the brush should not turn at all. The rotation may be
reversed by a magnet kept at some distance. The brush rotates best, seemingly, when it is at right angles to
the lines of force of the earth. It very likely rotates, when at its maximum speed, in synchronism with the
alternations, say 10,000 times a second. The rotation can be slowed down or accelerated by the approach or
receding of the observer or any conducting body, but it cannot be reversed by putting the bulb in any position.
When it is in the state of the highest sensitiveness and the potential or frequency be varied the sensitiveness is
rapidly diminished. Changing either of these but little will generally stop the rotation. The sensitiveness is
likewise affected by the variations of temperature. To attain great sensitiveness it is necessary to have the
small sphere s in the centre of the globe L, as otherwise the electrostatic action of the glass of the globe will
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tend to stop the rotation. The sphere s should be small and of uniform thickness; any dissymmetry of course
has the effect to diminish the sensitiveness.

The fact that the brush rotates in a definite direction in a permanent magnetic field seems to show that in
alternating currents of very high frequency the positive and negative impulses are not equal, but that one
always preponderates over the other.

Of course, this rotation in one direction may be due to the action of two elements of the same current upon
each other, or to the action of the field produced by one of the elements upon the other, as in a series motor,
without necessarily one impulse being stronger than the other. The fact that the brush turns, as far as I could
observe, in any position, would speak for this view. In such case it would turn at any point of the earth's surface.
But, on the other hand, it is then hard to explain why a permanent magnet should reverse the rotation, and one
must assume the preponderance of impulses of one kind.

As to the causes of the formation of the brush or stream, I think it is due to thc electrostatic action of the globe
and the dissymmetry of the parts. If the small bulb s and the globe L were perfect concentric spheres, and the
glass throughout of the same thickness and quality, I think the brush would not form, as the tendency to pass
would be equal on all sides. That the formation of the stream is due to an irregularity is apparent from the fact
that it has the tendency to remain in one position, and rotation occurs most generally only when it is brought out
of this position by electrostatic or magnetic influence. When in an extremely sensitive state it rests in one
position, most curious experiments may be performed with it. For instance, the experimenter may, try selecting
a proper position, approach the hand at a certain considerable distance to the bulb, and he may cause the
brush to pass off by merely stiffening the muscles of the arm. When it begins to rotate slowly, and the hands
are held at a proper distance, it is impossible to make even the slightest motion without producing a visible
effect upon the brush. A metal plate connected to the other terminal of the coil affects it at a great distance,
slowing down the rotation often to one turn a second.

I am firmly convinced that such a brush, when we learn how to produce it properly, will prove a valuable aid in
the investigation' of the nature of the forces acting in 2n electrostatic or magnetic field. If there is any motion
which is measurable going on in the space, such a brush ought to reveal it. It is, so to speak, a beam of light,
frictionless, devoid of inertia.

I think that it may find practical applications in telegraphy. With such a brush it would be possible to send
dispatches across the Atlantic, for instance, with any speed, since its sensitiveness may be so great that the
slightest changes will affect it. If it were possible to make the stream more intense and very narrow, its
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deflections could be easily photographed.

I have been interested to find whether there is a rotation of the stream itself, or whether there is simply a stress
traveling around in the bulb. For this purpose I mounted a light mica fan so that its vanes were in the path of the
brush. If the stream itself was rotating the fan would be spun around. I could produce no distinct rotation of the
fan, although I tried the experiment repeatedly; but as the fan exerted a noticeable influence on the stream, and
the apparent rotation of the latter was, in this case, never quite satisfactory, the experiment did not appear to be
conclusive.

I have been unable to produce the phenomenon with the disruptive discharge coil, although every other of
these phenomena can be tell produced by it -- many, in fact, much better than with coils operated from an
alternator.

It may be possible to produce the brush by impulses of one direction, or even by a steady potential, in which
case it would be still more sensitive to magnetic influence. 

In operating an induction coil with rapidly alternating currents, we realize with astonishment, for the first time,
the great importance of the relation of capacity, self-induction and frequency as regards the general result. The
effects of capacity are the most striking, for in these experiments, since the self-induction and frequency both
are high, the critical capacity is very small, and need be but slightly varied to produce a very considerable
change. The experimenter may bring his body in contact with the terminals of the secondary of the coil, or
attach to one or both terminals insulated bodies of very small bulk, such as bulbs, and he may produce a
considerable rise or fall of potential, and greatly affect the flow of the current through the primary. In the
experiment before shown, in which a brush appears at a wire attached to one terminal, and the wire is vibrated
when the experimenter brings his insulated body in contact with the other terminal of the coil, the sudden rise of
potential was made evident. 

I may show you the behavior of the coil in another manner which possesses a feature of some interest. I have
here a little light fan of aluminium sheet, fastened to a needle and arranged to rotate freely in a metal piece
screwed to one of the terminals of the coil. When the coil is set to work, the molecules of the air are
rhythmicallv attracted and repelled. As the force with which they are repelled is greater than that with which
they are attracted, it results that there is repulsion exerted on the surfaces of the fan. If the fan were made
simply of a metal sheet, the repulsion would be equal on the opposite sides, and would produce no effect. But if
one of the opposite surfaces is screened, or if, generally speaking, the bombardment on this side is weakened
in some wag or other, there remains the repulsion exerted upon the other, and the fan is set in rotation. The
screening is best effected by fastening upon one of the opposing sides of the fan insulated conducting coatings,
or, if the fan is made in the shape of an ordinary propeller screw. by fastening on one side, and close to it, an
insulated metal plate. The static screen may however, be omitted and simply a thickness of insulating material
fastened to one of the sides of the fan.

To show the behavior of the coil, the fan may be placed upon the terminal and it will readily rotate when the coil
is operated by currents of very high frequency. With a steady potential, of course, and even with alternating
currents of very low frequency, it would not turn, because of the very slow exchange of air and, consequently,
smaller bombardment; but in the latter case it might turn if the potential were excessive. With a pin wheel, quite
the opposite rule holds good; it rotates best with a steady potential, and the effort is the smaller the higher the
frequency. Now, it is very easy to adjust the conditions so that the potential is normally not sufficient to turn the
fan, but that by connecting the other terminal of the coil with an insulated body it rises to a much greater value,
so as to rotate the fan, and it is likewise possible to stop the rotation by connecting to the terminal a body of
different size, thereby diminishing the potential. 

Instead of using the fan in this experiment, we may use the "electric" radiometer with similar effect. But in this
case it will be found that the vanes will rotate only at high exhaustion or at ordinary pressures; they will not
rotate at moderate pressures, when the air is highly conducting. This curious observation was made conjointly
by Professor Crookes and myself. I attribute the result to the high conductivity of the air, the molecules of which
then do not act as independent carriers of electric charges, but act all together as a single conducting body. In
such case, of course, if there is any repulsion at all of the molecules from the vanes, it must be very small. It is
possible, however, that the result is in part due to the fact that the greater part of the discharge passes from the
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leading-in wire through the highly conducting gas, instead of passing off from the conducting vanes.

In trying the preceding experiment with the electric radiometer the potential should not exceed a certain limit, as
then the electrostatic attraction between the vanes and the glass of the bulb may be so great as to stop the
rotation.

A most curious feature of alternate currents of high frequencies and potentials is that they enable us to perform
many experiments by the use of one wire only. In many respects this feature is of great interest.

In a type of alternate current motor invented by me some years ago I produced rotation by inducing, by means
of a single alternating current passed through a motor circuit, in the mass or other circuits of the motor,
secondary currents, which, jointly with the primary or inducing current, created n moving field of force. A simple
but crude form of such a motor is obtained by winding upon an iron core a primary, and close to it a secondary
coil, joining the ends of the latter and placing a freely movable metal disc within the influence of the field
produced by both. The iron core is employed for obvious reasons, but it is not essential to the operation. To
improve the motor, the iron core is made to encircle the armature. Again to improve, the secondary coil is made
to overlap partly the primary, so that it cannot free itself from a strong inductive action of thc latter, repel its lines
as it may. Once more to improve, the proper difference of phase is obtained between the primary and
secondary currents by a condenser, self-induction, resistance or equivalent windings.

I had discovered, however, that rotation is produced by means of a single coil and cote; my explanation of the
phenomenon, and leading thought in trying the experiment, being that there must be a true time lag in the
magnetization of the core. I remember the pleasure I had when, in the writings of Professor Ayrton, which came
later to my hand, I found the idea of the time lag advocated. Whether there is a true time lag, whether the
retardation is due to eddy currents circulating in minute paths, must remain an open question, but the fact is
that a coil wound upon an iron core and traversed by an alternating current creates a moving field of force,
capable of setting an armature: in rotation- It is of some interest, in conjunction with the historical Arago
experiment, to mention that in lag or phase motors I have produced rotation in the opposite direction to the
moving field, which means that in that experiment the magnet may not rotate, or may even rotate in the
opposite direction to the moving disc. Here, then, is a motor (diagrammatically illustrated in Fig. 17), comprising
a coil and iron core, and a freely movable copper disc in proximity to the latter.

To demonstrate a novel and interesting feature, I have, for a reason which I will explain, selected this type of
motor. When the ends of the coil are connected to the terminals of an alternator the disc is set in rotation. But it
is not this experiment, now well known, which I desire to perform. What I wish to show you is that this motor
rotates with one single connection between it and the generator; that is to say, one terminal of the motor is
connected to one terminal of the generator -- in this case the secondary of a high-tension induction coil -- the
other terminals of motor and generator being insulated in space. To produce rotation it is generally (but not
absolutely) necessary to connect the free end of the motor coil to an insulated body of some size. The
experimenter's body is more than sufficient. If he touches the free terminal with an object held in the
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hand, a current passes through the coil and the copper disc is set in rotation. If an exhausted tube is put in
series with the coil, the tube lights brilliantly, showing the passage of a strong current. Instead of the
experimenter's body, a small metal sheet suspended on a cord may be used with the same result. In this case
the plate acts as a condenser in series with the coil. It counteracts the self-induction of the latter and allows a
strong current to pass. In such a combination, the greater the self-induction of the coil the smaller need be the
plate, and this means that a lower frequency, or eventually a lower potential, is required to operate the motor. A
single coil wound upon a core has a high self-induction; for this reason principally, this type of motor was
chosen to perform the experiment. Were a secondary closed coil wound upon the core, it would tend to
diminish the self-induction, and then it would be necessary to employ a much higher frequency and potential.
Neither would be advisable, for a higher potential would endanger the insulation of the small primary coil, and a
higher frequency would result in a materially diminished torque.

It should be remarked that when such a motor with a closed secondary is used, it is not at all easy to obtain
rotation with excessive frequencies, as the secondary cuts off almost completely the lines of the primary -- and
this, of course, the more, the higher the frequency -- and allows the passage of but a minute current. In such a
case, unless the secondary is closed through a condenser, it is almost essential, in order to produce rotation, to
make the primary and secondary coils overlap each other more or less. 

But there is an additional feature of interest about this motor, namely, it is not necessary to have even a single
connection between the motor and generator, except, perhaps, through the ground; for not only is an insulated
plate capable of giving off energy into space, but it likewise capable of deriving it from an alternating
electrostatic field, though in the latter case the available energy is much smaller. In this instance one of the
motor terminals is connected to the insulated plate or body located within the alternating electrostatic field, and
the other terminal preferably to the ground. 

It is quite possible, however, that such "no-wire" motors, as they might be called, could be operated by
conduction through the rarefied air at considerable distances. Alternate currents, especially of high frequencies,
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pass with astonishing freedom through even slightly rarefied gases. The upper strata of the air are rarefied. To
reach a number of miles out into space requires the overcoming of difficulties of a merely mechanical nature.
There is no doubt that with the enormous potentials obtainable by the Use of high frequencies and oil insulation
luminous discharges might be passed through many miles of rarefied air, and that, by thus directing the energy
of many hundreds or thousands of horse-power, motors or lamps might be operated at considerable distances
from stationary sources. But such schemes are mentioned merely as possibilities. We shall have no need to
transmit power at all. Ere many generations pass, our machinery will be driven by a power obtainable at any
point of the universe. This idea is not novel. Men have been led to it long ago by instinct or reason; it has been
expressed in many ways, and in many places, in the history of old and new. We find it in the delightful myth of
Antheus, who derives power from the earth; we find it among the subtile speculations of one of your splendid
mathematicians and in many hints and statements of thinkers of the present time. Throughout space there is
energy. Is this energy static or kinetic! If static our hopes are in vain; if kinetic -- and this we know it is, for
certain - then it is a mere question of time when men will succeed in attaching their machinery to the very
wheelwork of nature. Of all, living or dead, Crookes came nearest to doing it. His radiometer will turn in the light
of day and in the darkness of the night; it will turn everywhere where there is heat, and heat is everywhere. But,
unfortunately, this beautiful little machine, while it goes down to posterity as the most interesting, must likewise
be put on record as the most inefficient machine ever invented!

The preceding experiment is only one of many equally interesting experiments which may be performed by the
use of only one wire with alternate currents of high potential and frequency. We may connect an insulated line
to a source of such currents, we may pass an inappreciable current over the line, and on any point of the same
we are able to obtain a heavy current, capable of fusing a thick copper wire. Or we may, by the help of some
artifice, decompose a solutic4n in any electrolytic cell by connecting only one pole of the cell to the line or
source of energy. Or we may, by attaching to the line, or only bringing into its vicinity, light up an incandescent
lamp, an exhausted tube, or ~ phosphorescent bulb.

However impracticable this plan of working may appear in many cases, it certainly seems practicable, and even
recommendable, in the production of light. A perfected lamp would require but little energy, and if wires were
used at all we ought to be able to supply that energy without a return wire.

It is now a fact that a body may be rendered incandescent or phosphorescent b) bringing it either in single
contact or merely in the vicinity of a source of electric impulses of the proper character, and that in this manner
a quantity of light sufficient to afford a practical illuminant may be produced. It is, therefore, to say the least,
worth while to attempt to determine the best conditions and to invent the best appliances for attaining this
object.

Some experiences have already been gained in this direction, and I will dwell on them briefly, in the hope that
they might prove useful.

The heating of a conducting body inclosed in a bulb, and connected to a source of rapidly alternating electric
impulses, is dependent on so many things of a different nature, that it would be difficult to give a generally
applicable rule under which this maximum heating occurs. As regards the size of the vessel, I have lately found
that at ordinary or only slightly differing atmospheric pressures, when air is a good insulator, and hence
practically the same amount of energy by a certain potential and frequency is given off from the body, whether
the bulb be small or large, the body is brought to a higher temperature if inclosed in a small bulb, because of
the better confinement of heat in this case.

At lower pressures, when air becomes more or less conducting, or if the air be sufficiently warmed as to
become conducting, the body is rendered more intensely incandescent in a large bulb, obviously because,
under otherwise equal conditions of test, more energy may be given off from the body when the bulb is large. 

At very high degrees of exhaustion, when the matter in the bulb becomes "radiant", a large bulb has still an
advantage, but a comparatively slight one, over the small bulb. Finally, at excessively high degrees of
exhaustion, which cannot be reached except by the employment of special means, there seems to be, beyond
a certain and rather small size of vessel, no perceptible difference in the heating.

These observations were the result of a number of experiments, of which one, showing the effect of the size of
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the bulb at a high degree of exhaustion may be described and shown here, as it presents a feature of interest.
Three spherical bulbs of 2 inches, 3 inches and 4 inches diameter were taken, and in the centre of each was
mounted an equal length of an ordinary incandescent lamp filament of uniform thickness. In each bulb the piece
of filament was fastened to the leading-in wire of platinum, contained in a glass stem sealed in the bulb; care
being taken, of course, to make everything as nearly alike as possible. On each glass stem in the inside of the
bulb was slipped a highly polished tube made of aluminiun sheet, which fitted the stem and was held on it by
spring pressure. The function of this aluminium tube will be explained subsequently. In each bulb an equal
length of filament protruded above the metal tube. It is sufficient to say now that under these conditions equal
lengths of filament of the same thickness -- in other words, bodies of equal bulk --- were brought to
incandescence. The three bulbs were sealed to a glass tube, which was connected to a Sprengel pump. When
a high vacuum had been reached, the glass tube carrying the bulbs was sealed off. A current was then turned
on successively on each bulb, and it was found that the filaments came to about the same brightness, and, if
anything, the smallest bulb, which was placed midway between the two larger ones, may have been slightly
brighter. This result was expected, for when either of the bulbs was connected to the coil the luminosity spread
through the other two, hence the three bulbs constituted really one vessel. When all the three bulbs were
connected in multiple arc to the coil, in the largest of them the filament glowed brightest, in the next smaller it
was a little less bright, and in the smallest it only came to redness. The bulbs were then sealed off and
separately tried. The brightness of the filaments was now such as mould have been expected on the
supposition that the energy given off was proportionate to the surface of the bulb, this surface in each case
representing one of the coatings of a condenser. Accordingly, there was less difference between the largest
and the middle sited than between the latter and the smallest bulb.

An interesting observation was made in this experiment. The three bulbs were suspended from a straight bare
wire connected to a terminal of the coil, the largest bulb being placed at the end of the wire, at some distance
from it the smallest bulb, and an equal distance from the latter the middle-sized one. The carbons glowed then
to both the larger bulbs about as expected, but the smallest did not get its share by far. This observation led me
to exchange thc position of the bulbs, and I then observed that whichever of the bulbs was in the middle it was
by far less bright than it was in any other position. This mystifying result was, of course, found to be due to the
electrostatic action between the bulbs. When they were placed at a considerable distance, or when they were
attached to the corners of an equilateral triangle of copper wire, they glowed about in the order determined by
their surfaces.

As to the shape of the vessel, it is also of some importance, especially at high degrees of exhaustion. Of all the
possible constructions, it seems that a spherical globe with the refractory body mounted in its centre is the best
to employ. In experience it has been demonstrated that in such a globe a refractory body of a given bulk is
more easily brought to incandescence than when otherwise shaped bulbs are used. There is also an advantage
in giving to the incandescent body the shape of a sphere, for self-evident reasons. In any case the body should
be mounted in the centre, where the atoms rebounding from the glass collide. This object is best attained in the
spherical bulb; but it is also attained in a cylindrical vessel with one or two straight filaments coinciding with its
axis, and possibly also in parabolical or spherical bulbs with the refractory body or bodies placed in the focus or
foci of the same; though the latter is not probable, as the electrified atoms should in all cases rebound normally
from the surface they strike, unless the speed were excessive, in which case they would probably follow the
general law of reflection. No matter what shape the vessel may have, if the exhaustion be low, a filament
mounted in the globe is brought to the same degree of incandescence in all parts; but if the exhaustion be high
and the bulb be spherical or pear-shaped, as usual, focal points form and the filament is heated to a higher
degree at or near such points.

To illustrate the effect, I have here two small bulbs which are alike, only one is exhausted to a low and the other
to a very high degree. When connected to the coil, the filament in the former glows uniformly throughout all its
length; whereas in the latter, that portion of the filament which is in the centre of the bulb glows far more
intensely than the rest. A curious point is that the phenomenon occurs even if two filament: are mounted in a
bulb, each being connected to one terminal of the coil, and, what is still more curious, if they be very near
together, provided the vacuum be very high. I noted in experiments with such bulbs that the filaments would
give way usually at a certain point, and in the first trials I attributed it to a defect in the carbon. But when that
phenomenon occurred many times in succession I recognized its real cause.

In order to bring a refractory body inclosed in a bulb to incandescence, it is desirable, on account of economy,
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that all the energy supplied to the bulb from the source should reach without lass the body to be heated; from
there, and from nowhere else, it should be radiated. It is, of course, out of the question to reach this theoretical
result, but it is possible by a proper construction of the illuminating device to approximate it more or less.

For many reasons, the refractory body is placed in the centre of the bulb and it is usually supported on a glass
stem containing the leading-in wire. As the potential of this wire is alternated, the rarefied gas surrounding the
stem is acted upon inductively, and the glass stem is violently bombarded and heated. In this manner by far the
greater portion of the energy supplied to the bulb -- especially when exceedingly high frequencies are used --
may be lost for the purpose contemplated. To obviate this loss, or at least to reduce it to a minimum, I usually
screen the rarefied gas surrounding the stem from the inductive action of the leading-in wire by providing; the
stem with a tube or coating of conducting material. It seems beyond doubt that the best among metals to
employ for this purpose is aluminium, on account of its many remarkable properties. Its only fault is that it is
easily fusible and, therefore, its distance from the incandescing: body should be properly estimated. Usually, a
thin tube, of a diameter somewhat smaller than that of the glass stem, is made of the finest aluminium sheet,
and slipped on the stem. The tube is conveniently prepared by wrapping around a rod fastened in a lathe a
piece of aluminium sheet of the proper size, grasping the sheet firmly with clean chamois leather or blotting
paper, and spinning the rod very fast. The sheet is wound tightly around the rod, and a highly polished tube of
one or three layers of the sheet is obtained. When slipped on the stem, the pressure is generally sufficient to
prevent it from slipping off, but, for safety, the lower edge of the sheet may be turned inside. The upper inside
corner of the sheet -- that is, the one which is nearest to the refractory incandescent body -- should be cut out
diagonally, as it often happens that, in consequence of the intense heat, this corner turns toward the inside and
comes very near to, or in contact with, the wire, or filament, supporting the refractory body. The greater part of
the energy supplied to the bulb is then used up in heating the metal tube, and the bulb is rendered useless for
the purpose. The aluminium sheet should project above the glass stem more or less -- one inch or so -- or else,
if the glass be too close to the incandescing body, it may be strongly heated and become more or less
conducting, whereupon it may be ruptured, or may, by its conductivity, establish a good electrical connection
between the metal tube and the leadinq-in wire, in which case, again, most of the energy will be lost in heating
the former. Perhaps the best way is to make the top of the glass tube for about an inch, of a much smaller
diameter. To still further reduce the danger arising from the heating of the glass stem, and also with the view of
preventing an electrical connection between the metal tube and the electrode, I preferably wrap; the stem with
several layers of thin mica which extends at least as far as the metal tube. In some bulbs I have also used an
outside insulating cover.

The preceding remarks are only made to aid the experimenter in the first trials, for the difficulties which he
encounters he may soon find means to overcome in his own way.

To illustrate the effect of the screen, and the advantage of using it, I have here two bulbs of the same size, with
their stems, leading-in wires and incandescent lamp filaments tied to the latter, as nearly alike as possible. The
stem of one bulb is provided with an aluminium tube, the stem of the other has none. Originally the two bulbs
were joined by a tube which was connected to a Sprengel pump. When a high vacuum had been reached, first
the connecting tube, and then the bulbs, were sealed off; they are therefore of the same degree of exhaustion.
When they are separately connected to the coil giving a certain potential, the carbon filament in the bulb
provided with the aluminium screen in rendered highly incandescent, while the filament in the other bulb may,
with the same potential, not even come to redness, although in reality the latter bulb takes generally more
energy than the former. When they are both connected together to the terminal, the difference is even more
apparent, showing the importance of the screening. The metal tube placed in the stem containing the leading-in
wire performs really two distinct functions: First, it acts more or less as an electrostatic screen, thus
economizing the energy supplied to the bulb; and, second, to whatever extent it may fail to act electrostatically,
it acts mechanically, preventing the bombardment, and consequently intense heating and possible deterioration
of the slender support of the refractory incandescent body, or of the glass stem containing the leading-in wire. I
say slender support, for it is evident that in order to confine the heat more completely to the incandescing body
its support should be very thin, so as to carry away the smallest possible amount of heat by conduction. Of all
the supports used I have found an ordinary incandescent lamp filament to be the best, principally because
among conductors it can withstand the highest degrees of heat.

The effectiveness of the metal tube as an electrostatic screen depends largely on the degree of exhaustion.
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At excessively high degrees of exhaustion -- which are reached by using great care and special means in
connection with the Sprengel pump -- when the matter in the globe is in the ultra-radiant state, it acts most
perfectly. The shadow of the upper edge of the tube is then sharply defined upon the bulb.

At a somewhat lower degree of exhaustion, which is about the ordinary "non-

striking" vacuum, and generally as long as the matter moves predominantly in straight lines, the screen still
does well. In elucidation of the preceding remark it is necessary to state that what is a "non-striking" vacuum for
a coil operated, as ordinarily, by impulses, or currents, of low frequency, is not, by far, so when the coil is
operated by currents of very high frequency. In such case the discharge may pass with great freedom through
the rarefied gas through which a low-frequency discharge may not pass, even though the potential be much
higher. At ordinary atmospheric pressures just the reverse rule holds good: the higher the frequency, the less
the spark discharge is able to jump between the terminals, especially if they are knobs or spheres of some site.
Finally, at very low degrees of exhaustion, when the gas is well conducting, the metal tube not only does not
act as an electrostatic screen, but even is a drawback, aiding to a considerable extent the dissipation of the
energy laterally from the leading-in wire. This, of course, is to be expected. In this case, namely, the metal tube
is in good electrical connection with -the leading-in wire, and most of the bombardment is directed upon the
tube. As long as the electrical connection is not good, the conducting tube is always of some advantage for
although it may not greatly economize energy, still it protects the support of the refractory button, and is a
means for concentrating more energy upon the same.

To whatever extent the aluminium tube performs the function of a screen, its usefulness is therefore limited to
very high degrees of exhaustion when it is insulated from the electrode - that is, when the gas as a whole is
non-conducting, and the molecules, or atoms, act as independent carriers of electric charges.

In addition to acting as a more or less effective screen, in the true meaning of the word, the conducting tube or
coating may also act, by reason of its conductivity, as a sort of equalizer or dampener of the bombardment
against the stem. To be explicit, I assume the action as follows: Suppose a rhythmical bombardment to occur
against the conducting tube by reason of its imperfect action as a screen, it certainly must happen that some
molecules, or atoms, strike the tube sooner than others. Those which come first in contact with it give up their
superfluous charge, and the tube is electrified, the electrification instantly spreading over its surface. But this
must diminish, the energy lost in the bombardment for two reasons: first, the charge given up by the atoms
spreads over a great area, and hence the electric density at any point is small, and the atoms are rebelled with
less energy than they would be if they would strike against a good insulator; secondly, as the tube is electrified
by the atoms which first come in contact with it, the progress of the following atoms against the tube is more or
less checked by, the repulsion which the electrified tube must exert upon the similarly electrified atoms. This
repulsion may perhaps be sufficient to prevent a large portion of the atoms from striking the tube, but at any
rate it must diminish the energy of their impact. It is clear that when the exhaustion is very low, and the rarefied
gas well conducting, neither of the above effects can occur, and, on the other hand, the fewer the atoms, with
the greater freedom they move; in other words, the higher the degree of exhaustion, up to a limit, the more
telling will be both the effects:

What I have just said may afford an explanation of the phenomenon observed by Prof. Crookes, namely, that a
discharge through a bulb is established with much greater facility when an insulator than when a conductor is
present in the same. In my opinion, the conductor acts as a dampener of the motion of the atoms in the two
ways pointed out; hence, to cause a visible discharge to pass through the bulb, a much higher potential is
needed if a conductor, especially of many surfaces, be present.
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For the sake of clearness of some of the remarks before made, I must now refer to Figs. 18, 19, and 20, which
illustrate various arrangements with a type of bulb most generally used.

Fig. l8 is a section though a spherical bulb L, with the glass stem s, containing the leading-in wire w, which has
a lamp filament 1 fastened to it, serving to support the refractory button m in the centre. M is a sheet of thin
mica wound in several layers around the stem s, and a is the aluminium tube.

Fig. l9 illustrates such a bulb in a somewhat more advanced stage of perfection. A metallic tube S is fastened
by means of some cement to the neck of the tube. In the tube is screwed a plug P, of insulating material, in the
centre of which is fastened a metallic terminal t, for the connection to the lead-in wire w. This terminal must be
well insulated from the metal tube S, therefore, if the cement used is conducting and most generally it is
sufficiently so -- the space between the plug P and the neck of the bulb should be filled with some good
insulating material, as mica powder.
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Fig. 20 shows a bulb made for experimental purposes. In this bulb the aluminium tube is provided with an
external connection, which serves to investigate the effect of the tube under various conditions. It is referred to
chiefly to suggest a line of experiment followed.

Since the bombardment against the stem containing the leading-in wire is due to the inductive action of the
latter upon the rarefied gas, it is of advantage to reduce this action as far as practicable by employing a very
thin wire, surrounded by a very thick insulation of glass or other material, and by making the wire passing
through the rarefied gas as short as practicable. To combine these features I employ a large tube T (Fig. 21),
which protrudes into the bulb to some distance, and carries on the top a very short glass stem s, into which is
sealed the leading-in wire w, and I protect the top of the glass stem against the heat by a small, aluminium tube
a and a layer of mica underneath the same, as usual. The wire w, passing through the large tube to the outside
of the bulb, should be well insulated -- with a glass tube, for instance -- and the space between ought to be
filled out with some excellent insulator. Among many insulating powders I have tried, I have found that mica
powder is the best to employ. If this precaution is not taken, the tube T, protruding into the bulb, will surely be
cracked in consequence o~ the heating by the brushes which are apt to form in the upper part of the tube, near
the exhausted globe, especially if the vacuum be excellent, and therefore the potential necessary to operate the
lamp very high.
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Fig. 22 illustrates a similar arrangement, with a large tube T protruding into the part of the bulb containing the
refractory button m. In this case the wire leading from the outside into the bulb is omitted, the energy required
being supplied through condenser coatings C C. The insulating packing P should in this construction be tightly
fitting to the glass, and rather wide, or otherwise the discharge might avoid passing through the wire w, which
connects the inside condenser coating to the incandescent button m.

The molecular bombardment against the glass stem in the bulb is a source of great trouble. As illustration I will
cite a phenomenon only too frequently and unwillingly observed. A bulb, preferably a large one, may be taken,
and a good conducting body, such as a piece of carbon, may be mounted in it upon a platinum wire sealed in
thc glass stem. The bulb may be exhausted to a fairly high degree, nearly to the point when phosphorescence
begins to appear. When the bulb is connected with the coil, the piece of carbon, if small, may become highly
incandescent at first, but its brightness immediately diminishes, and then the discharge may break through the
glass somewhere in the middle of the stem, in the form of bright sparks, in spite of the fact that the platinum
wire is in good electrical connection with the rarefied gas through the piece of carbon or metal at the top. The
first sparks are singularly bright, recalling those drawn from a clear surface of mercury. But, as they heat the
glass rapidly, they, of course, lose their brightness, and cease when the glass at the ruptured place becomes
incandescent, or generally sufficiently hot to conduct. When observed for the first time the phenomenon must
appear very curious, and shows in a striking manner how radically different alternate currents, or impulses, of
high frequency behave, as compared with steady currents, or currents of low frequency. With such currents -
namely, the latter -- the phenomenon would of course not occur. When frequencies such as are obtained by
mechanical means are used, I think that the rupture of the glass is more or less the consequence of the
bombardment, which warms it up and impairs its insulating power; but with frequencies obtainable with
condensers I have no doubt that the glass may give way without previous heating. Although this appears most
singular at first, it is in reality what we might expect to occur. The energy supplied to the wire leading into the
bulb is given off partly by direct action through the carbon button, and party by inductive action through the
glass surrounding the wire. The case is thus analogous to that in which a condenser shunted by a conductor of
low resistance is connected to a source of alternating currents. As long as the frequencies are low, the
conductor gets the most, and the condenser is perfectly safe; but when the frequency becomes excessive, the
role of the conductor may become quite insignificant. In the latter case the difference of potential at the
terminals of the condenser may become so great as to rupture the dielectric, notwithstanding the fact that the
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terminals are joined by a conductor of low resistance.

It is, of course, not necessary, when it is desired to produce the incandescence of a body inclosed in a bulb by
means of these currents, that the body should be a conductor, for even a perfect non-conductor may be quite
as readily heated. For this purpose it is sufficient to surround a conducting electrode with a non-conducting
material, as, for instance, in the bulb described before in Fig. 21, in which a thin incandescent lamp filament is
coated with a non-conductor, and supports a button of the same material on the top. At the start the
bombardment goes on by inductive action through the non-conductor, until the same is sufficiently heated to
become conducting, then the bombardment continues in the ordinary way.

A different arrangement used in some of the bulbs constructed is illustrated in Fig. 23. In this instance a
non-conductor m is mounted in a piece of common arc light carbon so as to project some small distance above
the latter. The carbon piece is connected to the leading-in wire passing through a glass stem, which is wrapped
with several layers of mica. An aluminium tube a is employed as usual for screening. It is so arranged that it
reaches very nearly as high as the carbon and only the non-conductor m projects a little above it. The
bombardment goes at first against the upper surface of carbon, the lower parts being protected by the
aluminium tube. As soon, however, as the non-conductor m is heated it is rendered good conducting, and then
it becomes the centre of the bombardment, being most exposed to the same.

I have also constructed during these experiments many such single-wire bulbs with or without internal
electrode, in which the radiant matter was projected against, or focused upon, the body to be rendered
incandescent. Fig. 24 illustrates one of the bulbs used. It consists of a spherical globe L, provided with a long
neck n, on the top, for increasing the action in some cases by the application of an external conducting coating.
The globe L is blown out on the bottom into a very small bulb b, which serves to hold it firmly in a socket S of
insulating material into which it is cemented. A fine lamp filament f, supported on a wire w, passes through the
centre of filament is rendered incandescent In the middle portion, where the bombardment proceeding from the
lower inside surface of the globe is most intense. The lower portion of the globe, as far as the socket S
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reaches, is rendered conducting, either by g tinfoil coating or otherwise, and the external electrode is connected
to a terminal of the coil.

The arrangement diagrammatically indicated in Fig. 24 was found to be an inferior one when it was desired to
render incandescent a filament or button supported in the centre of the globe, but it was convenient when the
object was to excite phosphorescence.

In many experiments in which bodies of a different kind were mounted in the bulb as, for instance, indicated in
Fig. 23, some observations of interest were made.

It was found, among other things, that in such cases, no matter where the bombardment began, just as soon as
a high temperature was reached there was generally one of the bodies which seemed to take most of the
bombardment upon itself, the other, or others, being thereby relieved. This quality appeared to depend
principally on the point of fusion, and on the facility with which the body was evaporated, or, generally speaking,
disintegrated-- meaning by the latter term not only the throwing off of atoms, but likewise of larger lumps. The
observation made was in accordance with generally accepted notions. In a highly exhausted bulb electricity is
carried off from the electrode by independent carriers, which are partly the atoms, or molecules, of the residual
atmosphere, and partly the atoms, molecules, or lumps thrown off from the electrode. If the electrode is
composed of bodies of different character, and if one of these is more easily disintegrated than the others, most
of the electricity supplied is carried off from that body, which is then brought to a higher temperature than the
others, and this the more, as upon an increase of the temperature the body is still more easily disintegrated. 

It seems to me quite probable that a similar process takes place in the bulb even with a homogenous electrode,
and I think it to be the principal cause of the disintegration. There is bound to be some irregularity, even if the
surface is highly polished, which, of course, is impossible with most of the refractory bodies employed as
electrodes. Assume that a point of the electrode gets hotter, instantly most of the discharge passes through that
point, and a minute patch is probably fused and evaporated. It is now possible that in consequence of the
violent disintegration the spot attacked sinks in temperature, or that a counter force is created, as in an arc; at
any rate, the local tearing off meets with the limitations incident to the experiment, where upon the same
process occurs on another place. To the eye the electrode appears uniformly brilliant, but there are upon it
points constantly shifting and wandering around, of a temperature far above the mean, and this materially
hastens the process of deterioration. That some such thing occurs, at least when the electrode is at a lower
temperature, sufficient experimental evidence can be obtained in the following manner: Exhaust a bulb to a
very high degree, so that with a fairly high potential the discharge cannot pass -- that is, not a luminous one, for
a weak invisible discharge occurs always, in all probability. Now raise slowly and carefully the potential, leaving
the primary current on no mote than for an instant. At a certain point, two, three, or half a dozen
phosphorescent spots mill appear on the globe. These places of the glass are evidently mote violently
bombarded than others, this being due to the unevenly distributed electric density, necessitated, of course, by
sharp projections, or, generally speaking, irregularities of the electrode. 13ut the luminous patches are
constantly changing in position, which is especially well observable if one manages to produce very few, and
this indicates that the configuration of the electrode is rapidly changing.

From experiences of this kind I am led to infer that, in order to be most durable, the refractory button in the bulb
should be in the form of a sphere with a highly polished surface. Such a small sphere could be manufactured
from a diamond or some other crystal, but a better way would be to fuse, by the employment of extreme
degrees of temperature, some oxide - as, for instance, zirconia -- into a small drop, and then keep it in the bulb
at a temperature somewhat below its point of fusion. 

Interesting and useful results can no doubt be reached in the direction of extreme degrees of heat. How can
such high temperatures be arrived at! How are the highest degrees of heat reached in nature! By the impact of
stars, by high speeds and collisions. In a collision any rate of heat generation may be attained. In a chemical
process we are limited. When oxygen and hydrogen combine, they fall, metaphorically speaking, from a definite
height. We cannot go very far with a blast, nor by confining heat in a furnace, but in an exhausted bulb we can
concentrate any amount of energy upon a minute button. Leaving practicability out of consideration, this, then,
would be the means which, in my opinion, would enable us to reach the highest temperature. But a great
difficulty when proceeding in this way is encountered, namely, in most cases the body is carried off before it
can fuse and form a drop. This difficulty exists principally with an oxide such as zirconia, because it cannot be
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compressed in so hard a cake that it would not be carried off quickly. I endeavored repeatedly to fuse zirconia,
placing it in a cup or arc light carbon as indicated in Fig. 23. It glowed with a most intense light, and the stream
of the particles projected out of the carbon cup was of a vivid white; but whether it was compressed in a cake
o~ made into a paste with carbon, it was carried off before it could be fused. The carbon cup containing the
zirconia had to be mounted very low in the neck of a large bulb, as the heating of the glass by the projected
particles of the oxide was so rapid that in the first trial the bulb was cracked almost in an instant when the
current was turned on. The heating of the glass by the projected particles was found to be always greater when
the carbon cup contained a body which was rapidly carried off -- I presume because in such cases, with the
same potential, higher speeds were reached, and also because, per unit of time, more matter was projected --
that is, more particles would strike the glass.

The before mentioned difficulty did not exist, however, when the body mounted in the carbon cup offered great
resistance to deterioration. For instance, when an oxide was first fused in an oxygen blast and then mounted in
the bulb, it melted very readily into a drop.

Generally during the process of fusion magnificent light effects were noted, of which it would be difficult to give
an adequate idea. Fig. 23 is intended to illustrate the effect observed with a ruby drop. At first one may see a
narrow funnel of white light projected against the top of the globe, where it produces an irregularly outlined
phosphorescent patch. When the point of the ruby fuses the phosphorescence becomes very powerful; but as
the atoms are projected with much greater speed from the surface of the drop, soon the glass gets hot and
"tired", and now only the outer edge of the patch glows. In this manner an intensely phosphorescent, sharply
defined line, corresponding to the outline of the drop, is produced, which spreads slowly: over the globe as the
drop gets larger. When the mass begins to boil, small bubbles and cavities are formed, which cause dark
colored spots to sweep across the globe. The bulb may be turned downward without fear of the drop falling off,
as the mass possesses considerable viscosity. 

I may mention here another feature of some interest, which I believe to have noted in the course of these
experiments, though the observations do not amount to a certitude. It appeared that under the molecular impact
caused by the rapidly alternating potential the body was fused and maintained in that state at a lower
temperature in a highly exhausted bulb than was the case at normal pressure and application of heat in the
ordinary way -- that is, at least, judging from the quantity of the light emitted. One of the experiments performed
may be mentioned here by way of illustration. A small piece of pumice stone was stuck on a platinum wire, and
first melted to it in a gas burner. The wire was next placed between two pieces of charcoal and a burner applied
so as to produce an intense heat, sufficient to melt down the pumice stone into a small glass-like button. The
platinum wire had to be taken of sufficient thickness to prevent its melting in the fire. While in the charcoal fire,
or when held in a burner to get a better idea of the degree of heat, the button glowed with great brilliancy. The
wire with the button was then mounted in a bulb, and upon exhausting the same to a high degree, the current
was turned on slowly so as to prevent the cracking of the button. The button was heated to the point of fusion,
and when it melted it did not, apparently, glow with the same brilliancy as before, and this would indicate a
lower temperature. Leaving out of consideration the observer's possible, and even probable, error, the question
is, can a body under these conditions be brought from a solid to a liquid state with evolution of less light!

When the potential of a body is rapidly alternated it is certain that the structure is jarred. When the potential is
very high, although the vibrations may be few -- say 20,000 per second -- the effect upon the structure may be
considerable. Suppose, for example, that a ruby is melted into a drop by a steady application of energy. When
it forms a drop it will emit visible and invisible waves, which will be in a definite ratio, and to the eye the drop will
appear to be of a certain brilliancy. Next, suppose we diminish to any degree we choose the energy steadily
supplied, and, instead, supply energy which rises and falls according to a certain law. Now, when the drop is
formed, there will be emitted from it three different kinds of vibrations -- the ordinary visible, and two kinds of
invisible waves: that is, the ordinary dark waves of all lengths, and, in addition, waves of a well-defined
character. The latter would not exist by a steady supply of the energy; still they help to jar and loosen the
structure. If this really be the case, then the ruby drop will emit relatively less visible and more invisible waves
than before. Thus it would seem that when a platinum wire, for instance, is fused by currents alternating with
extreme rapidity, it emits at the point of fusion less light and more invisible radiation than it does when melted
by a steady current, though the total energy used up in the process of fusion is the same in both cases, Or, to
cite another example, a lamp filament is not capable of withstanding as long with currents of extreme frequency
as it does with steady currents, assuming that it be worked at the same luminous intensity. This means that for
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rapidly alternating currents the filament should be shorter and thicker. The higher the frequency -- that is, the
greater the departure from the steady flow -- the worse it would be for the filament. But if the truth of this remark
were demonstrated, it would be erroneous to conclude that such a refractory button as used in these bulbs
would be deteriorated quicker by currents of extremely high frequency than by steady or low frequency
currents. From experience I may say that just the opposite holds good: the button withstands the bombardment
better with currents of very high frequency. But this is due to the fact that a high frequency discharge passes
through a rarefied gas with much greater freedom than a steady or low frequency discharge, and this will say
that with the former we can work with a lower potential or with a less violent impact. As long, then, as the gas is
of no consequence, a steady or low frequency current is better; but as soon as the action of the gas is desired
and important, high frequencies are preferable.

In the course of these experiments a great many trials were made with all kinds of carbon buttons. Electrodes
made of ordinary carbon buttons were decidedly more durable when the buttons were obtained by the
application of enormous pressure. Electrodes prepared by depositing carbon in well known ways did not show
up well; they blackened the globe very quickly. From many experiencies I conclude that lamp filaments
obtained in this manner can be advantageously used only with low potentials and low frequency currents.
Some kinds of carbon withstand so well that, in order to bring them to the point of fusion, it is necessary to
employ very small buttons. In this case the observation is rendered very difficult on account of the intense heat
produced. Nevertheless there can be no doubt that all kinds of carbon are fused under the molecular
bombardment, but the liquid state must be one of great instability. Of all the bodies tried there were two which
withstood best -- diamond and carborundum. These two showed up about equally, but the latter was preferable,
for many reasons. As it is more than likely that this body is not yet generally known, I will venture to call your
attention to it.

It has been recently produced by Mr. E. G. Acheson, of Monongahela City, Pa., U. S. A. It is intended to
replace ordinary diamond powder for polishing precious stones, etc., and I have been informed that it
accomplishes this object quite successfully. I do not know why the name "carborundum" has been given to it,
unless there is something in the process of its manufacture which justifies this selection. Through the kindness
of the inventor, I obtained a short while ago some samples which I desired to test in regard to their qualities of
phosphorescence and capability of withstanding high degrees of heat.

Carborundum can be obtained in two forms - in the form of "crystals" and of powder. The former appear to the
naked eye dark colored, but are very brilliant; the latter is of neatly the same color as ordinary diamond powder,
but very much finer. When viewed under a microscope the samples of crystals given to me did not appear to
have any definite form, but rather resembled pieces of broken up egg coal of fine quality. The majority were
opaque, but there were some which were transparent and colored. The crystals are a kind of carbon containing
some impurities; they are extremely hard, and withstand for a long time even an oxygen blast. When the blast
is directed against them they at first form a cake of some compactness, probably in consequence of the fusion
of impurities they contain. The mass withstands for a very long time the blast without further fusion; but a slow
carrying off, or burning, occurs, and, finally, a small quantity of a glass-like residue is left, which, I suppose, is
melted alumina. When compressed strongly they conduct very well, but not as well as ordinary carbon. The
powder, which is obtained from the crystals in some way, is practically non-conducting. It affords a magnificent
polishing material for stones.

The time has been too short to make a satisfactory study of the properties of this product, but enough
experience has been gained in a few weeks I have experimented upon it to say that it does possess some
remarkable properties in many respects. It withstands excessively high degrees of heat, it is little deteriorated
by molecular bombardment, and it does not blacken the globe as ordinary carbon does. The only difficulty
which I have found in its use in connection with these experiments was to find some binding material which
would resist the heat and the effect of the bombardment as successfully as carborundum itself does.

I have here a number of bulbs which I have provided with buttons of carborundum. To make such a button of
carborundum crystals I proceed in the following manner: I take an ordinary lamp filament and dip its point in tar,
or some other thick substance or paint which may be readily carbonized. I next pass the point of the filament
through the crystals, and then hold it vertically over a hot plate. The tar softens and forms a drop on the point of
the filament, the crystals adhering to the surface of the drop. By regulating the distance from the plate the tar is
slowly dried out and the button becomes solid. I then once more dip the button in tar and hold it again over a
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plate until the tar is evaporated, leaving only a hard mass which firmly binds the crystals. When a larger button
is required I repeat the process several times, and I generally also cover the filament a certain distance below
the button with crystals. The button being mounted in a bulb, when a good vacuum has been reached, first a
weak and then a strong discharge is passed through the bulb to carbonize the tar and expel all gases, and later
it is brought to a very intense incandescence.

When the powder is used I have found it best to proceed as follows: I make a thick paint of carborundum and
tar, and pass a lamp filament through the paint. Taking then most of the paint off by rubbing the filament
against a piece of chamois leather, I hold it over a hot plate until the tar evaporates and the coating becomes
firm. I repeat this process as many times as it is necessary to obtain a certain thickness of coating. On the point
of the coated filament I form a button in the same manner. 

There is no doubt that such a button -- properly prepared under great pressure -- of carborundum, especially of
powder of the best quality, will withstand the effect of the bombardment fully as well as anything we know. The
difficulty is that the binding material gives way, and the carborundum is slowly thrown off after some time. As it
does not seem to blacken the globe in the least, it might be found useful for coating the filaments of ordinary
Incandescent lamps, and I think that it is even possible to produce thin threads or sticks of carborundum which
will replace the ordinary filaments in an incandescent lamp. A carborundum coating seems to be more durable
than other coatings, not only because the carborundum can withstand high degrees of heat, but also because it
seems to unite with the carbon better than any other material I have tried. A coating of zirconia or any other
oxide, for instance, is far more quickly destroyed. I prepared buttons of diamond dust in the same manner as of
carborundum, and these came in durability nearest to those prepared of carborundum, but the binding paste
gave way much more quickly in the diamond buttons: this, however, I attributed to the site and irregularity of the
grains of the diamond.

It was of interest to find whether carborundum possesses the quality of phosphorescence. One is, of course,
prepared to encounter two difficulties: first, as regards the rough product, the "crystals", they are good
conducting, and it is a fact that conductors do not phosphoresce; second, the powder, being exceedingly fine,
would not be apt to exhibit very prominently this quality, since we know that when crystals, even such as
diamond or ruby, are finely powdered, they lose the property of phosphorescence to a considerable degree.

The question presents itself here, can a conductor phosphoresce? What is there in such a body as a metal, for
instance, that would deprive it of the quality of phosphorescence, unless it is that property which characterizes
it as a conductor? For it is a fact that most of the phosphorescent bodies lose that quality when they are
sufficiently heated to become more or less conducting. Then, if a metal be in a large measure, or perhaps
entirely deprived of that property, it should be capable of phosphorescence. Therefore it is quite possible that at
some extremely high frequency, when behaving practically as a non-conductor, a metal of any other conductor
might exhibit the quality of phosphorescence, even though it be entirely incapable of phosphorescing under the
impact of a low-frequency discharge. There is, however, another possible way how a conductor might at least
appear to phosphoresce.

Considerable doubt still exists as to what really is phosphorescence, and as to whether the various phenomena
comprised under this head are due to the same causes. Suppose that in an exhausted bulb, under the
molecular impact, the surface of a piece of metal or other conductor is rendered strongly luminous, but at the
same time it is found that it remains comparatively cool, would not this luminosity be called phosphorescence!
Now such a result, theoretically at least, is possible, for it is a mere question of potential of speed. Assume the
potential of the electrode, and consequently the speed of the projected atoms, to be sufficiently high, the
surface of the metal piece against which the atoms are projected would be rendered highly incandescent, since
the process of heat generation would be incompatibly faster than that of radiating or conducting away from the
surface of the collision. In the eye of the observer a single impact of the atoms would cause an instantaneous
flash, but if the impact were repeated with sufficient rapidity they would produce a continuous impression upon
his retina. To him then the surface of the metal would appear continuously incandescent and of constant
luminous intensity, while in reality the light would be either intermittent or at least changing periodically in
intensity. The metal piece would rise in temperature until equilibrium was attained -- that is, until the energy
continuously radiated would equal that intermittently supplied. But the supplied energy might under such
conditions not be sufficient to bring the body to any more than a very moderate mean temperature, especially if
the frequency of the atomic impacts be very low -- just enough that the fluctuation of the intensity of the light
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emitted could not be detected by the eye. The body would now, owing to the manner in which the energy is
supplied, emit a strong light, and yet be at a comparatively very low mean temperature. How could the observer
call the luminosity thus produced! Even if the analysis of the light would teach him something definite, still he
would probably rank it under the phenomena of phosphorescence. It is conceivable that in such a way both
conducting and nonconducting bodies may be maintained at a certain-luminous intensity, but the energy
required would very greatly vary with the nature and properties of the bodies.

These and some foregoing remarks of a speculative nature were made merely to bring out curious features of
alternate currents or electric impulses. By their help we may cause a body to emit more light, while at a certain
mean temperature, than it would emit if brought to that temperature by a steady supply; and, again, we may
bring a body to the point of fusion, and cause it to emit less light than when fused by the application of energy
in ordinary ways. It all depends on how we supply the energy, and what kind of vibrations we set up: in one
case the vibrations are more, in the other less, adapted to affect our sense of vision.

Some effects, which I had not observed before, obtained with carborundum in the first trials, I attributed to
phosphorescence, but in subsequent experiments it appeared that it was devoid of that quality. The crystals
possess a noteworthy feature. In a bulb provided with a single electrode in the shape of a small circular metal
disc, for instance, at a certain degree of exhaustion the electrode is covered with a milky film, which is
separated by a dark space from the glow filling the bulb. When the metal disc is covered with carborundum
crystals, the film is far more intense, and snow-white. This I found later to be merely an effect of the bright
surface of the crystals, for when an aluminium electrode was highly polished it exhibited more or less the same
phenomenon. I made a number of experiments with the samples of crystals obtained, principally because it
would have been of special interest to find that they are capable of phosphorescence, on account of their being
conducting. I could not produce phosphorescence distinctly, but I must remark that a decisive opinion cannot
be formed until other experimenters have gone over the same ground.

The powder behaved in some experiments as though it contained alumina, but it did not exhibit with sufficient
distinctness the red of the latter. Its dead color brightens considerably under the molecular impact, but I am
now convinced it does not phosphoresce. Still, the tests with the powder are not conducive, because powdered
carborundum probably does not behave like a phosphorescent sulphide, for example, which could be finely
powdered without impairing the phosphorescence, but rather like powdered ruby or diamond, and therefore it
would be necessary, in order to make a decisive test, to obtain it in a large lump and polish up the surface.

If the carborundum proves useful in connection with these and similar experiments, its chief value will be found
in the production of coatings, thin conductors, buttons, or other electrodes capable of withstanding extremely
high degrees of heat. 

The production of a small electrode capable of withstanding enormous temperatures I regard as of the greatest
importance in the manufacture of light. It would enable us to obtain, by means of currents of very high
frequencies, certainly 20 times, if not more, the quantity of light which is obtained in the present incandescent
lamp by the same expenditure of energy. This estimate may appeal- to many exaggerated, but in reality I think
it is far from being so. As this statement might be misunderstood I think it necessary to expose clearly the
problem with which in this line of work we are confronted, and the manner in which, in my opinion, a solution
will be arrived at.

Any one who begins a study of the problem will be apt to think that what is wanted in a lamp with an electrode
is a very high degree of incandescence of the electrode. There he will be mistaken. The high incandescence of
the button is a necessary evil, but what is really wanted is the high incandescence of the gas surrounding thee
button. In other words, the problem in such a lamp is to bring a mass of gas to the highest possible
incandescence. The higher the incandescence, the quicker the mean vibration, the greater is the economy of
the light production. But to maintain a mass of gas at a high degree of incandescence in a glass vessel, it will
always be necessary to keep the incandescent mass away from the glass; that is, to confine it as much as
possible to the central portion of the globe.

In one of the experiments this evening a brush was produced at the end of a wire. This brush was a flame, a
source of heat and light. It did not emit much perceptible heat, nor did it glow with an intense light; but is it the
less a flame because it does not scorch my hand! Is it the less a flame because it does not hurt my eye by its
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brilliancy! The problem is precisely to produce in the bulb such a flame, much smaller in site, but incomparably
more powerful. Were there means at hand for producing electric impulses of a sufficiently high frequency, and
for transmitting them, the bulb could be done away with, unless it were used to protect the electrode, or to
economize the energy by confining the heat. But as such means are not at disposal, it becomes necessary to
place The terminal in a bulb and rarefy the air in the same. This is done merely to enable the apparatus to
perform the work which it is not capable of performing at ordinary air pressure. In the bulb we are able to
intensify the action to any degree -- so far that the brush emits a powerful light.

The intensity of the light emitted depends principally on the frequency and potential of the impulses, and on the
electric density on the surface of the electrode. It is of the greatest importance to employ the smallest possible
button, in order to push the density very far. Under the violent impact of the molecules of the gas surrounding it,
the small electrode is of course brought to an extremely high temperature, but around it is a mass of highly
incandescent gas, a flame photosphere, many hundred times the volume of the electrode. With a diamond,
carborundum or zircon button the photosphere can be as much as one thousand times the volume of the
button. Without much reflecting one would think that in pushing so far the incandescence of the electrode it
would be instantly volatilized. But after a careful consideration he would find that, theoretically, it should not
occur, and in this fact -- which, however, is experimentally demonstrated -- lies principally the future value of
such a lamp.

At first, when the bombardment begins, most of the work is performed on the surface of the button, but when a
highly conducting photosphere is formed the button is comparatively relieved. The higher the incandescence of
the photosphere the more it approaches in conductivity to that of the electrode, and the more, therefore, the
solid and the gas form one conducting body. The consequence is that the further is forced the incandescence
the more work, comparatively, is performed on the gas, and the I•3s on the electrode. The formation of a
powerful photosphere is consequently the very means for protecting the electrode. This protectic4n, of course,
is a relative one, and it should not be thought that by pushing the incandescence higher the electrode is
actually less deteriorated. Still, theoretically, with extreme frequencies, this result must be reached, but
probably at a temperature too high for most of the refractory bodies known. Given, then, an electrode which can
withstand to a very high limit the effect of the bombardment and outward strain, it would be safe no matter how
much it is forced beyond that limit. In an incandescent lamp quite different considerations apply. There the gas
is not at all concerned: the whole of the work is performed on the filament; and the life of the lamp diminishes
so rapidly with the increase of the degree of incandescence the economical reasons compel us to work it at a
low incandescence. But if an incandescent lamp is operated with currents of very high frequency, the action of
the gas cannot be neglected, and the rules for the most economical working must be considerably modified.

In order to bring such a lamp with one or two electrodes to a great perfection, it is necessary to employ
impulses of very high frequency. The high frequency secures, among others, two chief advantages, which have
a most important bearing upon the economy of the light production. First, the deterioration of the electrode is
reduced by reason of the fact that we employ a great many small impacts, instead of a few violent ones, which
shatter quickly the structure; secondly, the formation of a large photosphere is facilitated. 

In order to reduce the deterioration of the electrode to the minimum, it is desirable that the vibration be
harmonic, for any suddenness hastens the process of destruction. An electrode lasts much longer when kept at
incandescence by currents, or impulses, obtained from a high-frequency alternator, which rise and fall more or
less harmonically, than by impulses obtained from a disruptive discharge coil. In the latter case there is no
doubt that most of the damage is done by the fundamental sudden discharges. 

One of the elements of loss in such a lamp is the bombardment of the globe. As the potential is very high, the
molecules are projected with great speed; they strike the glass, and usually excite a strong phosphorescence.
The effect produced is very pretty but for economical reasons it would be perhaps preferable to prevent, or at
least reduce to the minimum, the bombardment against the globe, as in such case it is, as a result, not the
object to excite phosphorescence, and as some loss of energy results from the bombardment. This loss in the
bulb is principally dependent on the potential of the impulses and on the electric density on the surface of the
electrode. In employing very high frequencies the loss of energy by the bombardment is greatly reduced, for,
first, the potential needed to perform a given amount of work is much smaller; and, secondly, by producing a
highly conducting photosphere around the electrode, the same result is obtained as though the electrode were
much larger, which is equivalent to a smaller electric density. But be it by the diminution of the maximum
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potential or of the density, the gain is effected in the same manner, namely, by avoiding violent shocks, which
strain the glass much beyond its limit of elasticity. If the frequency could be brought high enough, the loss due
to the imperfect elasticity of the glass would be entirely ne6ligible. The loss due to bombardment of the globe
may, however, be reduced by using two electrodes instead of one. In such case each of the electrodes may be
connected to one of the terminals; or else, if it is preferable to use only one wire, one electrode may be
connected to one terminal and the other to the ground or to an insulated body of some surface, as, for instance,
a shade on the lamp. In the latter case, unless some judgement is used, one of the electrodes might glow more
intensely than the other. 

But on the whole I find it preferable when using such high frequencies to employ only one electrode and one
connecting wire. I am convinced that the illuminating device of the near future will not require for its operation
more than one lead, and, at any rate, it will have no leading-in wire, since the energy required can be as well
transmitted through the glass. In experimental bulbs the leading-in wire is most generally used on account of
convenience, as in employing condenser coatings in the manner indicated in Fig. 22, for example, there is
some difficulty in fitting the parts, but these difficulties would not exist if a great many bulbs were manufactured;
otherwise the energy can be conveyed through the glass as well as through a wire, and with these high
frequencies the losses are very small. Such illuminating deices will necessarily involve the use of very high
potentials, and this, in the eyes of practical men, might be an objectionable feature. Yet, in reality, high
potentials are not objectionable -- certainly not in the least as far as the safety of the devices is concerned.

There are two ways of rendering an electric appliance safe. One is to use low potentials, the other is to
determine the dimensions of the apparatus so that it is safe no matter how high a potential is used. Of the two
the latter seems to me the better way, for then the safety is absolute, unaffected by any possible combination of
circumstances which might render even a low-potential appliance dangerous to life and property. But the
practical conditions require not only the judicious determination of the dimensions of the apparatus; they
likewise necessitate the employment of energy of the proper kind. It is easy, for instance, to construct a
transformer capable of giving, when operated from an ordinary alternate current machine of low tension, say
50,000 volts, which miqht be required to light a highly exhausted phosphorescent tube, so that, in spite of the
high potential, it is perfectly safe, the shock from it producing no inconvenience. Still, such a transformer would
be expensive, and in itself inefficient; and, besides, what energy was obtained from it would not be
economically used for the production of light. The economy demands the employment of energy in the form of
extremely rapid vibrations. The problem of producing light has been likened to that of maintaining a certain
high-pitch note by means of a bell. It should be said a barely audible note; and even these words would not
express it, so wonderful is the sensitiveness of the eye. We may deliver powerful blows at long intervals, waste
a good deal of energy, and still not get what we want; or we may keep up the note by delivering frequent gentle
taps, and get nearer to the object sought by the expenditure of mud•1 less energy. In the production of light, as
far as the illuminating device is concerned, there can be only one rule -- that is, to use as high frequencies as
can be obtained; but the means for the production and conveyance of impulses of such character impose, at
present at least, great limitations. Once it is decided to use very high frequencies, the return wire becomes
unnecessary, and all the appliances are simplified. By the use of obvious means the same result is obtained as
though the return wire were used. It is sufficient for this purpose to bring in contact with the bulb, or merely in
the vicinity of the same, an insulated body of some surface. The surface need, of course, be the smaller, the
higher the frequency and potential used, and necessarily, also, the higher the economy of the lamp or other
device.

This plan of working has been resorted to on several occasions this evening. So, for instance, when the
incandescence of a button was produced by grasping the bulb with the hand, the body of the experimenter
merely served to intensify the action. The bulb used was similar to that illustrated in Fig. 13, and the coil was
excited to a small potential, not sufficient to bring the button to incandescence when the bulb was hanging from
the wire; and incidentally, in order to perform the experiment in a more suitable manner, the button was taken
so large that a perceptible time had to elapse before,
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upon grasping the bulb, it could be rendered incandescent. The contact with the bulb was, of course, quite
unnecessary. It is easy, by using a rather large bulb with an exceedingly small electrode, to adjust the
conditions so that the latter is brought to bright incandescence by the mere approach of the experimenter within
a few feet of the bulb, and that the incandescence subsides upon his receding.

In another experiment, when phosphorescence was excited, a similar bulb was used. Here again, originally, the
potential was not sufficient to excite phosphorescence until the action was intensified -- in this case, however,
to present a different feature, by touching the socket with a metallic object held in the hand. The electrode in
the bulb was a carbon button so large that it could not be brought to incandescence, and thereby spoil the
effect produced by phosphorescence.

Again, in another of the early experiments, a bulb was used as illustrated in Fig. 12. In this instance, by
touching the bulb with one or two fingers, one or two shadows of the stem inside were projected against the
glass, the touch of the finger producing thc same result as the application of an external negative electrode
under ordinary circumstances.

In all these experiments the action was intensified by augmenting the capacity at the end of the lead connected
to the terminal. As a rule, it is not necessary to resort to such means, and would be quite unnecessary with still
higher frequencies; but when it is desired, the bulb, or tube, can be easily adapted to the purpose.

In Fig. 24, for example, an experimental bulb L is shown, which is provided with a neck n on the top for the
application of an external tinfoil coating, which may be connected to a body of larger surface. Sum a lamp as
illustrated in Fig. 25 may also be lighted by connecting the tinfoil coating on the neck n to the terminal, and the
leading-in wire w to an insulated plate. If the bu15 stands in a socket upright, as shown in the cut, a shade of
conducting material may be slipped in the neck n, and the action thus magnified.
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A more perfected arrangement used in some of these bulbs is illustrated in Fig. 26. In this case the construction
of the bulb is as shown and described before, where reference was made to Fig. 13. A zinc sheet Z, with a
tubular extension T, is slipped over the metallic socket S. The bulb hang3 downward from the terminal t, the
zinc sheet Z, performing the double office of intensifier and reflector. The reflector is separated from the
terminal t by an extension of the insulating plug P.

A similar disposition with a phosphorescent tube is illustrated in Fig. 27. The tube T is prepared from two short
tubes of a different diameter, which are sealed on the ends. On the lower end is placed an outside conducting
coating C, which connects to the wire w. The wire has a hook on the upper end for suspension, and passes
through the centre of the inside tube, which is filled with some good and tightly packed insulator. On the outside
of the upper end of the tube T is another conducting coating C1, upon which is slipped a metallic reflector Z,
which should be separated by a thick insulation from the end of wire w.

The economical use of such a reflector or intensifier would require that all energy supplied to an air condenser
should be recoverable, or, in other words, that there should not be any losses, neither in the gaseous medium
nor through its action elsewhere. This is far from being so, but, fortunately, the losses may be reduced to
anything desired. A few remarks are necessary on this subject, in order to make the experiences gathered in
the course of these investigations perfectly clear.

Suppose a small helix with many well insulated turns, as in experiment Fig. 17, had one of its ends connected
to one of the terminals of the induction coil, and the other to a metal plate, or, for the sake of simplicity, a
sphere, insulated in space. When the coil is set to work, the potential of the sphere is alternated, and the small
helix now behaves as though its free end were connected to the other terminal of the induction coil. If an iron
can be held within the small helix it is quickly brought to a high temperature, indicating the passage of a strong
current through the helix how does the insulated sphere act in this case! It can be a condenser, storing and
returning the energy supplied to it, or it can be a mere sink of energy, and the conditions of the experiment
determine whether it is more one or the other. The sphere being charged to a high potential, it acts inductively
upon the surrounding air, or whatever gaseous medium there might be. The molecules, or atoms, which are
near the sphere are of course more attracted, and move through a greater distance than the farther ones.
When the nearest molecules strike the sphere they are repelled, and collisions occur at all distances within the
inductive action of the sphere. It is now clear that, if the potential be steady, but little loss of energy can be
caused in this way, for the molecules which are nearest to the sphere, having had an additional charge
imparted to them by contact, are not Attracted until they have parted, if not with all, at least with most of the
additional charge, which can be accomplished only after a great many collisions. From the fact that with a
steady potential there is but little loss in dry air, one must come to such a conclusion. When the potential of the
sphere, instead of being steady, is alternating, the conditions are entirely different. In this case a rhythmical
bombardment occurs, no matter whether the molecules after coming in contact with the sphere lose the

Storia dell'elettricità: Tesla -Experiments with Alternate Currents of High Potential and High Frequency

file:///C|/TEMP/tesla/articoli/res_art05.html (40 of 56) [03/09/2001 16.03.45]



imparted charge or not; what is more, if the charge is not lost, the impacts are only the more violent. Still if the
frequency of the impulses be very small, the loss caused hg the impacts and collisions would not be serious
unless the potential were excessive. But when extremely high frequencies and more or less high potentials are
used, the loss may be very great. The total energy lost per unit of time is proportionate to the product of the
number of impacts per second, or the frequency and the energy lost-in each impact. But the energy of an
impact must be proportionate to the square of the electric density of the sphere, since the charge imparted to
the molecule is proportionate to that density. I conclude from this that the total energy lost must be
proportionate to the product of the frequency and the square of the electric density; but this law needs
experimental confirmation. Assuming the preceding considerations to be true, then, by rapidly alternating the
potential of a body immersed in an insulating gaseous medium, any amount of energy may be dissipated into
space. Most of that energy then, I believe, is not dissipated in the form of long ether waves, propagated to
considerable distance, as is thought most generally, but is consumed -- in the case of an insulated sphere, for
example -- in impact and collisional losses -- that is, heat vibrations -- on the surface and in the vicinity of the
sphere. To reduce the dissipation it is necessary to work with a small electric density the smaller the higher the
frequency.

But since, on the assumption before made, the loss is diminished with the square of the density, and since
currents of very high frequencies involve considerable waste when transmitted through conductors, it follows
that, on the whole, it is better to employ one wire than two. Therefore, if motors, lamps, or devices of any kind
are perfected, capable of being advantageously operated by currents of extremely high frequency, economical
reasons will make it advisable to use only one wire, especially if the distances are great.

When energy is absorbed in a condenser the same behaves as though its capacity were increased. Absorption
always exists more or less, but generally it is small and of no consequence as long as the frequencies are not
very great. In using extremely high frequencies, and, necessarily in such case, also high potentials, the
absorption -- or, what is here meant more particularly by this term, the loss of energy due to the presence of a
gaseous medium -- is an important factor to be considered, as the energy absorbed it the air condenser may be
any fraction of the supplied energy. This would seem to make it very difficult to tell from the measured or
computed capacity of an air condenser its actual capacity or vibration period, especially if the condenser is of
very small surface and is charged to a very high potential. As many important results are dependent upon the
correctness of the estimation of the vibration period, this subject demands the most careful scrutiny of other
investigators. To reduce the probable error as much as possible in experiments of the kind alluded to, it is
advisable to use spheres or plates of large surface, so as to make the density exceedingly small. Otherwise,
when it is practicable, an oil condenser should be used in preference. In oil or other liquid dielectrics there are
seemingly no such losses as in gaseous media. It being impossible to exclude entirely the gas in condensers
with solid dielectrics, such condensers should be immersed in oil, for economical reasons if nothing else; they
can then be strained to the utmost and will remain cool. In Leyden jars the loss due to air is comparatively
small, as the tinfoil coatings are large, close together, and the charged surfaces not directly exposed; but when
the potentials are very high, the loss may be more or less considerable at, or near, the upper edge of the foil,
where the air is principally acted upon. If the jar be immersed in boiled-out oil, it will be capable of performing
four times the amount of work which it can for any length of time when used in the ordinary way, and the loss
will be inappreciable.

It should not be thought that the loss in heat in an air condenser is necessarily associated with the formation of
visible streams or brushes. If a small electrode, inclosed in an unexhausted bulb, is connected to one of the
terminals of the coil, streams can he seen to issue from the electrode and the air in the bulb is heated; if,
instead of a small electrode, a large sphere is inclosed in the bulb, no streams are observed, still the air is
heated.

Nor should it be thought that the temperature of an air condenser would give even an approximate idea of the
loss in heat incurred, as in such case heat must be given off much more quickly, since there is, in addition to
the ordinary radiation, a very active carrying away of heat by independent carriers going on, and since not only
the apparatus, but the air at some distance from it is heated in consequence of the collisions which must occur.

Owing to this, in experiments with such a coil, a rise of temperature can be distinctly observed only when the
body connected to the coil is very small. But with appartus on a larger scale, even a body of considerable bulk
would be heated, as, for instance, the body of a person; and I think that skilled physicians might make
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observations of utility in such experiments, which, if the apparatus were judiciously designed, would not present
the slightest danger.

A question of some interest, principally to meteorologists, presents itself here. How does the earth behave! The
earth is an air condenser, but is it a perfect: or a very imperfect one -- a mere sink of energy! There can be little
doubt that to such small disturbance as might be caused in an experiment the earth behaves as an almost
perfect condenser. But it might be different when its charge is set in vibration by some sudden disturbance
occurring in the heavens. In such case, as before stated, probably only little of the energy of the vibrations set
up would be lost into space in the form of long ether radiations, but most of the energy, I think, would spend
itself in molecular impacts and collisions, and pass off into space in the form of short heat, and possibly light,
waves. As both the frequency of the vibrations of the charge and the potential are in all probability excessive,
the energy converted into heat may be considerable. Since the density must be unevenly distributed, either in
consequence of the irregularity of the earth's surface, or on account of the condition of the atmosphere in
various places, the effect produced would accordingly vary from place to place. Considerable variations in the
temperature and pressure of the atmosphere may in this manner be caused at any point of the surface of the
earth. The variations may be gradual or very sudden, according to the nature of the general disturbance, and
may produce rain and storms, or locally modify the weather in any way.

From the remarks before made one may see what an important factor of loss the air in the neighborhood of a
charged surface becomes when the electric density is great and the frequency of the impulses excessive. But
the action as explained implies that the air is insulating -- that is, that it is composed of independent carriers
immersed in an insulating medium. This is the case only when the air is at something like ordinary or greater, or
at extremely small, pressure. When the air is slightly rarefied and conducting, then true conduction losses occur
also. In such case, of course, considerable energy may be dissipated into space even with a steady potential,
or with impulses of low frequency, if the density is very great.

When the gas is at very low pressure, an electrode is heated more because higher speeds can be reached. If
the gas around the electrode is strongly compressed, the displacements, and consequently the speeds, are
very small, and the heating is insignificant. But if in such case the frequency could be sufficiently increased, the
electrode would be brought to a high temperature as well as if the gas were at very low pressure; in fact,
exhausting the bulb is only necessary because we cannot produce (and possibly not convey) currents of the
required frequency.

Storia dell'elettricità: Tesla -Experiments with Alternate Currents of High Potential and High Frequency

file:///C|/TEMP/tesla/articoli/res_art05.html (42 of 56) [03/09/2001 16.03.45]



Returning to the subject of electrode lamps, it is obviously of advantage in such a lamp to confine as much as
possible the heat to the electrode by preventing the circulation of the gas in the bulb. If a very small bulb be
taken, it would confine the heat better than a large one, but it might not be of sufficient capacity to be operated
from the coil, or, if so, the glass might get too hot. A simple way to improve in this direction is to employ a globe
of the required site, but to place a small bulb, the diameter of which is properly estimated, over the refractory
button contained in the globe. This arrangement is illustrated in Fig. 28.

The globe L has in this case a large neck n, allowing the small bulb b to slip through. Otherwise the
construction is the same as shown in Fig. 18, for example. The small bulb is conveniently supported upon the
stem s, carrying the refractory button m. In tube a by several layers of mica M, in order to prevent the cracking
of the neck by the rapid heating of the aluminium tube upon a sudden turning on of the current. The inside bulb
should be as small as possible when it is desired to obtain light only by incandescence of the electrode. If it is
desired to produce phosphorescence, the bulb should be larger, else it would be apt to get too hot, and the
phosphorescence would cease. In this arrangement usually only the small bulb shows phosphorescence, as
there is practically no bombardment against the outer globe. In some of these bulbs constructed as illustrated in
Fig. 28 the small tube was coated with phosphorescent paint, and beautiful effects were obtained. Instead of
making the inside bulb large, in order to avoid undue heating, it answers the purpose to make the electrode m
larger. In this case the bombardment is weakened by reason of the smaller electric density.

Many bulbs were constructed on the plan illustrated in Fig. 29. Here a small bulb 6, containing the refractory
button m, upon being exhausted to a very high degree was sealed in a large globe L, which was then
moderately exhausted and sealed off. The principal advantage of this construction was that it allowed of
reaching extremely high vacua, and, at the same time use a large bulb. It was found, in the course of
experiences with bulbs such as illustrated in Fig. 29, that it was well to make the stem J near the seal at e very
thick, and the leading-in wire w thin, as it occurred sometimes that the stem at e was heated and the bulb was
cracked. Often the outer globe L was exhausted only just enough to allow the discharge to pass through, and
the space between the bulbs appeared crimson, producing a curious effect. In some cases, when the
exhaustion in globe L was very low, and the air good conducting, it was found necessary, in order to bring the
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button m to high incandescence, to place, preferably on the upper part of the neck of the globe, a tinfoil coating
which was connected to an insulated body, to the ground, or to the other terminal of the coil, as the highly
conducting air weakened the effect somewhat, probably by being acted upon inductively from the wire w, where
it entered the bulb at e. Another difficulty -- which, however, is always present when the refractory button is
mounted in a Fig. 29 very small bulb -- existed in the construction illustrated in Fig. 29, namely, the vacuum in
the bulb b would be impaired in a comparatively short time.

The chief idea in the two last described constructions was to confine the heat to the central portion of the globe
by preventing the exchange of air, An advantage is secured, but owing to the heating of the inside bulb and
slow evaporation of the glass the vacuum is hard to maintain, even if the construction illustrated in Fig. 28 be
chosen, in which both bulbs communicate.

But by far the better way -- the ideal way -- would be to reach sufficiently high frequencies. The higher the
frequency the slower would be the exchange of the air, and I think that a frequency may be reached at which
there would be no exchange whatever of the air molecules around the terminal. We would then produce a
flame in which there would be no carrying away of material, and a queer flame it would be, for it would be rigid!
With sud•1 high frequencies the inertia of the particles, would come into play. As the brush, or flame, would
gain rigidity in virtue of the inertia of the particles, the exchange of the latter would be prevented. This would
necessarily occur, for, the number ~f the impulses being augmented, the potential energy of each would
diminish, so that finally only atomic vibrations could be set up, and the motion of translation through
measurable space would cease. Thus an ordinary gas burner connected to a source of rapidly alternating
potential might have its efficiency augmented to a certain limit, and this for two reasons -- because of the
additional vibration imparted, and because of a slowing down of the process of carrying off. But the renewal
being rendered difficult, and renewal being necessary to maintain the burner, a continued increase of the
frequency of the impulses, assuming they could be transmitted to and impressed upon the flame, would result
in the "extinction" of the latter, meaning by this term only the cessation of the chemical process.

I think, however, that in the case of an electrode immersed in a fluid insulating medium, and surrounded by
independent carriers of electric charges, which can be acted upon inductively, a sufficiently high frequency of
the impulses would probably result in a gravitation of the gas all around toward the electrode. For this it would
be only necessary to assume that the independent bodies are irregularly shaped; they would then turn toward
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the electrode their side of the greatest electric density, and this would be a position in which the fluid resistance
to approach would be smaller than that offered to the receding.

The general opinion, I do not doubt, is that it is out of the question to reach any such frequencies as might --
assuming some of the views before expressed to be true produce any of the results which I have pointed out as
mere possibilities. This may be so, but in the course of these investigations, from the observation of many
phenomena I have gained the conviction that these frequencies would be much lower than one is apt to
estimate at first. In a flame we set up light vibrations by causing molecules, of atoms, to collide. But what is the
ratio of the frequency of the collisions and that of the vibrations set up! Certainly it must be incomparably
smaller than that of the knocks of the bell and the sound vibrations, or that of the discharges and the
oscillations of the condenser. We may cause the molecules of the gas to collide by the use of alternate electric
impulses of high frequency, and so we may imitate the process in a flame; and from experiments with
frequencies which we are now able to obtain, I think that the result is producible with impulses which are
transmissible through a conductor.

In connection with thoughts of a similar nature, it appeared to me of great interest to demonstrate the rigidity of
a vibrating gaseous column. Although with such low frequencies as, say 10,000 per second, which I was able
to obtain without difficulty from a specially constructed alternator, the task looked discouraging at first, I made a
series of experiments. The trials with air at ordinary pressure led to no result, but with air moderately rarefied I
obtain what I think to be an unmistakable experimental evidence of the property sought for. As a result of this
kind might lead able investigators to conclusions of importance I will describe one of the experiments
performed. 

It is well known that when a tube is slightly exhausted the discharge may be passed through it in the form of a
thin luminous thread. When produced with currents of low frequency, obtained from a coil operated as usual,
this thread is inert. If a magnet be approached to it, the part near the same is attracted or repelled, according to
the direction of the lines of force of the magnet. It occurred to me that if such a thread would be produced with
currents of very high frequency, it should be more or less rigid, and as it was visible it could be easily studied.
Accordingly I prepared a tube about 1 inch in diameter and 1 metre long, with outside coating at each end. The
tube was exhausted to a point at which, by a little working the thread discharge could be obtained. It must be
remarked here that the general aspect of the tube, and the degree of exhaustion, are quite different than when
ordinary low frequency currents are used. As it was found preferable to work with one terminal, the tube
prepared was suspended from the end of a wire connected to the terminal, the tinfoil coating being connected
to the wire, and to the lower coating sometimes a small insulated plate was attached. When the thread was
formed it extended through the upper part of the tube and lost itself in the lower end. If it possessed rigidity it
resembled, not exactly an elastic cord stretched tight between two supports, but a cord suspended from a
height with a small weight attached at the end. When the finger or a magnet was approached to the upper end
of the luminous thread, it could be brought locally out of position by electrostatic or magnetic action; and when
the disturbing object was very quickly removed, an analogous result was produced, as though a suspended
cord would be displaced and quickly released near the point of suspension. In doing this the luminous thread
was set in vibration, and two very sharply marked nodes, and a third indistinct one, were formed. The vibration,
once set up, continued for fully eight minutes, dying gradually out. The speed of the vibration often varied
perceptibly, and it could be observed that the electrostatic attraction of the glass affected the vibrating thread;
but it was clear that the electrostatic action was not the cause of the vibration, for the thread was most
generally stationary, and could always be set in vibration by passing the finger quickly near the upper part of
the tube. With a magnet the thread could be split in two and both parts vibrated. By approaching the hand to
the lower coating of the tube, or insulated plate if attached, the vibration was quickened; also, as far as I could
see, by raising the potential of frequency. Thus, either increasing the frequency or passing a stronger discharge
of the same frequency corresponded to a tightening of the cord. I did not obtain any experimental evidence with
condenser discharges. A luminous band excited in a bulb by repeated discharges of a Leyden jar must possess
rigidity, and if deformed and suddenly released should vibrate. But probably the amount of vibrating matter is so
small that in spite of the extreme speed the inertia cannot prominently assert itself. Besides, the observation in
sud•1 a case is rendered extremely difficult on account of the fundamental vibration.

The demonstration of the fact -- which still needs better experimental confirmation -- that a vibrating gaseous
column possesses rigidity, might greatly modify the views of thinkers. When with low frequencies and
insignificant potentials indications of that property may be noted, how must a gaseous medium behave under
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the influence of enormous electrostatic stresses which may be active in the interstellar space, and which may
alternate with inconceivable rapidity! The existence of such an electrostatic, rhythmically throbbing force -- of a
vibrating electrostatic field -- would show B possible way how solids might have formed from the ultra-gaseous
uterus, and how transverse and all kinds of vibrations may be transmitted through a gaseous medium filling all
space. Then, ether might be a true fluid, devoid of rigidity, and at rest, it being merely necessary as a
connecting link to enable interaction. What determines the rigidity of a body! It must be the speed and the
amount of moving matter. In a gas the speed may be considerable, but the density is exceedingly small; in a
liquid the speed would be likely to be small, though the density may be considerable; and in both cases the
inertia resistance offered to displacement is practically nil. But place a gaseous (or liquid) column in an intense,
rapidly alternating electrostatic field, set the particles vibrating with enormous speeds, then the inertia
resistance asserts itself. A body might move with more or less freedom through the vibrating mass, but as a
whole it would be rigid.

There is a subject which I must mention in connection with these experiments: it is that of high vacua. This is a
subject the study of which is not only interesting, but useful, for it may lead to results of great practical
importance. In commercial apparatus such as incandescent lamps, operated from ordinary systems of
distribution, a much higher vacuum than obtained at present would not secure a very great advantage. In such
a case the work is performed on the filament and the gas is little concerned; the improvement, therefore, would
be but trifling. But when we begin to use very high frequencies and potentials, the action of the gas becomes all
important, and the degree of exhaustion materially modifies the results. As long as ordinary coils, even very
large ones, were used, the study of the subject was limited, because just at a point when it became most
interesting it had to be interrupted on account of the "non-striking" vacuum being reached. But presently we are
able to obtain from a small disruptive discharge coil potentials much higher than even the largest coil was
capable of giving, and, what is more, we can make the potential alternate with great rapidity. Both of these
results enable us now ~o pass a luminous discharge through almost any vacua obtainable, and the field of our
investigations is greatly extended. Think we as we may, of all the possible directions to develop a practical
illuminant, the line of high vacua seems to be the most promising at present. But to reach extreme vacua the
appliances must be much mote improved, and ultimate perfection will not be attained until we shall have
discarded the mechanical and perfected an electrical vacuum pump. Molecules and atoms can be thrown out of
a bulb under the action of an enormous potential: this will be the principle of the vacuum pump of the future. For
the present, we must secure the best results we can with mechanical appliances. In this respect, it might not be
out of the way to say a few words about the method of, and appatatus for, producing excessively high degrees
of exhaustion of which I have availed myself in the course of these investigations. It is very probable that other
experimenters have used similar arrangements; but as it is possible that there may be an item of interest in
their description, a few remarks, which will render this investigation more complete, might be permitted.
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The apparatus is illustrated in a drawing shown in Fig. 30. S represents a Sprengel pump, which has been
specially constructed to better suit the work required. The stopcock which is usually employed has been
omitted, and instead of it a hollow stopper has been fitted in the neck of the reservoir R. This stopper has a
small hole h, through which the mercury descends; the size of the outlet o being properly determined with
respect to the section of the fall tube t, which is sealed to the reservoir instead of being connected to it in the
usual manner. This arrangement overcomes the imperfections and troubles, which often arise from the use of
the stopcock on the reservoir and the connection of the latter with the fall tube.

The pump is connected through a U-shaped tube t to a very large reservoir R1. Especial care was taken in
fitting the grinding surfaces of the stoppers p and P,, and both of these and the mercury caps above them were
made exceptionally long. After the U-shaped tube was fitted and put in place, it was heated, so as to soften and
take off the strain resulting from imperfect fitting. The U-shaped tube was provided with a stopcock C, and two
ground connections g and gl -- one for a small bulb b, usually containing caustic potash, and the other for the
receiver r, to be exhausted. 

The reservoir R1 was connected by means of a rubber tube to a slightly larger reservoir R2, each of the two
reservoirs being provided with a stopcock C1 and C2 respectively. The reservoir R2 could be raised and
lowered by a wheel and rack, and the range of its motion was so determined that when it was filled with
mercury and the stopcock C, closed, so as to form a Torricellian vacuum in it when raised, it could be lifted so
high that the mercury in reservoir R1 would stand a little above stopcock C1: and when this stopcock was dosed
and the reservoir R2 descended, so as to form a Torricellian vacuum in reservoir R1, it could be lowered so far
as to completely empty the latter, the mercury filling the reservoir R2 up to a little above stopcock C2. 
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The capacity of the pump and of the connections was taken as small as possible relatively to the volume of
reservoir, R1, since, of course, the degree of exhaustion depended upon the ratio of these quantities.

With this apparatus I combined the usual means indicated by former experiments for the production of very
high vacua. In most of the experiments it was convenient to use caustic potash. I may venture to say, in regard
to its use, that much time is saved and a more perfect action of the pump insured by fusing and boiling the
potash w soon as, or even before, the pump settles down. If this course is not followed the sticks, as ordinarily
employed, may give moisture off at a certain very slow rate, and the pump may work for many hours without
reaching a very high vacuum. The potash was heated either by a spirit lamp or by passing a discharge through
it, or by passing a current through a wire contained in it. The advantage in the latter case was that the heating
could be more rapidly repeated.

Generally the process of exhaustion was the following: -- at the start, the stopcocks C and C1 being open, and
all other connections closed, the reservoir R32 was raised so far that the mercury filled the reservoir R1 and a
part: of the narrow connecting U-shaped tube. When the pump was set to work, the mercury would, of course,
quickly rise in the tube, and reservoir R2 was lowered, the experimenter keeping the mercury at about the
same level. The reservoir R2 was balanced by a long spring which facilitated the operation, and the friction of
the parts was generally sufficient to keep it almost in any position. When the Sprengel pump had done its work,
the reservoir R2 was further lowered and the mercury descended in R1 and filled R2, whereupon stopcock C2
was closed. The air adhering to the walls of R, and that absorbed by the mercury was carried off, and to free
the mercury of all air the reservoir R2 was for a long time worked up and down. During this process some air,
which would gather below stopcock C2, was expelled from R2 by lowering it far enough and opening the
stopcock, closing the latter again before raising the reservoir. When all the air had been expelled from the
mercury, and no air would gather in R2 when it was lowered, the caustic potash was resorted to. The reservoir
R2 was now again raised until the mercury in R1 stood above stopcock C1. The caustic potash was fused and
boiled, and the moisture partly carried off by the pump and partly re-absorbed; and this process of heating and
cooling was repeated many times, and each time, upon the moisture being absorbed or carried off, the
reservoir R2 was for a long time raised and lowered. In this manner all thc moisture was carried off from the
mercury, and both the reservoirs were in proper condition to be used. The reservoir R2 was then again raised
to the top, and the pump was kept working for a long time. When the highest vacuum obtainable with the Dump
had been reached the potash bulb was usually wrapped with cotton which was sprinkled with ether so as to
keep the potash at a very low temperature, then the reservoir R2 was lowered, and again reservoir R1 being
emptied the receiver r was quickly sealed up.

When a new bulb was put on, the mercury was always raised above stopcock C1, which was closed, so as to
always keep the mercury and both the reservoirs in fine condition, and the mercury was never withdrawn from
R1 except when the pump had reached the highest degree of exhaustion. It is necessary to observe this rule if
it is desired to use the appartus to advantage.

By means of this arrangement I was able to proceed very quickly, and when the apparatus was in perfect order
it was possible to reach the phosphorescent stage in a small bulb in less than 1S minutes, which is certainly
very quick work for a small laboratory arrangement requiring all in all about 100 pounds of mercury. With
ordinary small bulbs the ratio of the capacity of the pump, receiver, and connections, and that of reservoir R
was about 1--20, and the degrees of exhaustion reached were necessarily very high, though I am unable to
make a precise and reliable statement how far the exhaustion was carried.

What impresses the investigator most in the course of these experiences is the behavior of gases when
subjected to great rapidly alternating electrostatic stresses. But he must remain in doubt as to whether the
effects observed are due wholly to the molecules, or atoms, of the gas which chemical analysis discloses to us,
or whether there enters into play another medium of a gaseous nature, comprising atoms, or molecules,
immersed in a fluid pervading the space. Such a medium, surely must exist, and I am convinced that, for
instance, even if air were absent, the surface and neighborhood of a body in space would be heated by rapidly
alternating the potential of the body; but no such heating of the surface or neighborhood could occur if all free
atoms were removed and only a homogeneous, incompressible, and elastic fluid -- such as ether is supposed
to be -- would remain, for then there would be no impacts, no collisions. In such a case, as far as the body itself
is concerned, only frictional losses in the inside could occur.
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It is a striking fact that the discharge through a gas is established with ever increasing freedom as the
frequency of the impulses is augmented. It behaves in this respect quite contrarily to a metallic conductor. In
the latter the impedance enters prominently into play as the frequency is increased, but the gas acts much as a
series of condensers would: the facility with which the discharge passes through seems to depend on the rate
of change of potential. If it act so, then in a vacuum tube even of great length, and no matter how strong the
current, self-induction could not assert itself: to any appreciable degree. We have, then, as far as we can now
see, in the gas a conductor which is capable of transmitting electric impulses of any frequency which we may
be able to produce. Could the frequency be brought high enough, then a queer system of electric distribution,
which would be likely to interest gas companies, might be realized: metal pipes filled with gas -- the metal being
the insulator, the gas the conductor -- supplying phosphorescent bulbs, or perhaps devices as yet uninvented.
It is certainly possible to take a hollow core of copper, rarefy the gas in the same, and by passing impulses of
sufficiently high frequency through a circuit around it, bring the gas inside to a high degree of incandescence;
but as to the nature of the forces there would be considerable uncertainty, for it would be doubtful whether with
such impulses the copper core would act as a static screen. Such paradoxes and apparent impossibilities we
encounter at every step in this line of work, and therein lies, to a great extent, the charm of the study.

I have here a short and wide tube which is exhausted to a high degree and covered with a substantial coating
of bronze, the coating allowing barely the light to shine through. A metallic clasp, with a hook for suspending
the tube, is fastened around the middle portion of the latter, the clasp being in contact with the bronze coating. I
now want to light the gas inside by suspending the tube on a wire connected to the coil. Any one who would try
the experiment for the first time, not having any previous experience, would probably take care to be quite
alone when making the trial, for fear that he might become the joke of his assistants. Still, the bulb lights in spite
of the metal coating, and the light can be distinctly perceived through the latter. A long tube covered with
aluminium bronze lights when held in one hand -- the other touching the terminal of the coil -- quite powerfully.
It might be objected that the coatings arc not sufficiently conducting; still, even if they were highly resistant, they
ought to screen the gas. They certainly screen it perfectly in a condition of rest, but not by far perfectly when
the charge is surging in the coating. But the loss of energy which occurs within the tube, notwithstanding the
screen, is occasioned principally by the presence of the gas. Were we to take a large hollow metallic sphere
and fill it with a perfect incompressible fluid dielectric, there would be no loss inside of the sphere, and
consequently the inside might be considered as perfectly screened, though the potential be very rapidly
alternating. Even were the sphere filled with oil, the loss would be incomparably smaller than when the fluid is
replaced by a gas, for in the latter case the force produces displacements; that means impact and collisions in
the inside. 

No matter what the pressure of the gas may be, it becomes an important factor in the bearing of a conductor
when the electric density is great and the frequency very high. That in the heating of conductors by lightning
discharges air is an element of great importance, is almost as certain as an experimental fact. I may illustrate
the action of the air by the following experiment: I take a short tube which is exhausted to a moderate degree
and has a platinum wire running through the middle from one end to the other. I pass a steady or low frequency
current through the wire, and it is heated uniformly in all parts. The heating here is due to conduction, or
frictional losses, and the gas around the wire has - as far as we can see - no function to perform. But now let
me pass sudden discharges, or a high frequency current, through the wire. Again the wire is heated, this time
principally on the ends and least in the middle portion; and if the frequency of the impulses, or the rate of
change, is high enough, the wire might as well be cut in the middle as not, for practically all the heating is due
to the rarefied gas: Here the gas might only act as a conductor of no impedance diverting the current from the
wire as the impedance of the latter is enormously increased, and merely heating the ends of the wire by reason
of their resistance to the passage of the discharge. But it is not at all necessary that the gas in the tube should
be conducting; it might be at an extremely low pressure, still the ends of the wire would be heated -- as,
however, is ascertained by experience -only the two ends would in such case not be electrically connected
through the gaseous medium. Now what with these frequencies and potentials occurs in an exhausted tube
occurs in the lightning discharges at ordinary pressure. We only need to remember one of the facts arrived at in
the course of these investigations, namely, that to impulses of very high frequency the gas at ordinary pressure
behaves much in the same manner as though it were at moderately low pressure. I think that in lightning
discharges frequently wires or conducting objects are volatilized merely because air is present, and that, were
the conductor immersed in an insulating liquid, it would be safe, for then the energy would have to spend itself
somewhere else. From the behavior of gases to sudden impulses of high potential I am led to conclude that
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there can be no surer way of diverting a lightning discharge than by affording it a passage through a volume of
gas, if such a thing can be done in a practical manner.

There are two more features upon which I think it necessary to dwell in connection with these experiments --
the "radiant state" and the non-striking vacuum". 

Any one who has studied Crookes work must have received the impression that the ''radiant state'' is a property
of the gas inseparably connected with an extremely high degree of exhaustion. But it should be remembered
that the phenomena observed in an exhausted vessel are limited to the character and capacity of the apparatus
which is made use of. I think that in a bulb a molecule, or atom, does not precisely move in a straight line
because it meets no obstacle, but because the velocity imparted to it is sufficient to propel it in a sensibly
straight line. The mean free path is one thing, but the velocity -- the energy associated with the moving body --
is another, and under ordinary circumstances I believe that it is mere question of potential or speed. A
disruptive discharge coil, when the potential is pushed very far, excites phosphorescence and projects
shadows, at comparatively low degrees of exhaustion. In a lightning discharge, matter moves in straight lines at
ordinary pressure when the mean free path is exceedingly small, and frequently images of wires or other
metallic objects have been produced by the particles thrown off in straight lines.

I have prepared a bulb to illustrate by an experiment the correctness of these assertions. In a globe L (Fig. 31),
I have mounted upon a lamp filaments of a piece of lime l. The lamp filament is connected with a wire which
leads into the bulb, and the general construction of the latter is as indicated in Fig. 19, before described. The
bulb being suspended from a wire connected to the terminal of the coil, and the latter being set to work, the
lime piece l and the projecting parts of the filament f are bombarded. The degree of exhaustion is just such that
with the potential the coil is capable of giving phosphorescence of the glass is produced, but disappears as
soon as the vacuum is impaired. The lime containing moisture, and moisture being given off as soon as heating
occurs, the phosphorescence lasts only for a few moments. When the lime has been sufficiently heated,
enough moisture has been given off to impair materially the vacuum of the bulb. As the bombardment goes on,
one point of the lime piece is more heated than other points, and the results is that finally practically all the
discharge passes through that point which is intensely heated, and a white stream of lime particles (Fig. 31)
then breaks forth from that point. This stream is composed of "radiant" matter, yet the degree of exhaustion is
low. But the particles move in straight lines because the velocity imparted to them is great, and this is due to
three causes -- to the great electric density, the high temperature of the small point, and the fact that the
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particles of the lime are easily torn and thrown off -- far more easily than those of carbon. With frequencies
such as we are able to obtain, the particles are bodily thrown off and projected to a considerable distance, but
with sufficiently high frequencies no such thing would occur: in such case only a stress would spread or a
vibration would be propagated through the bulb. It would be out of the question to reach any such frequency on
the assumption that the atoms move with the speed of light; but I believe that such a thing is impossible; for this
an enormous potential would be required. With potentials which we are able to obtain, even with a disruptive
discharge coil, the speed must be quite insignificant. 

As to the "non-striking vacuum", the point to be noted is that it can occur only with low frequency impulses, and
it is necessitated by the impossibility of carrying off enough energy with such impulses in high vacuum since the
few atoms which are around the terminal upon coming in contact with the same are repelled and kept at a
distance for a comparatively long period of time, and not enough work can be performed to render the effect
perceptible to the eye. If the difference of potential between thc terminals is raised, the dielectric breaks down.
But with very high frequency impulses there is no necessity for such breaking down, since any amount of work
can be performed by continually agitating the atoms in the exhausted vessel, provided the frequency is high
enough. It is easy to reach -- even with frequencies obtained from an alternator as here used -- a stage at
which the discharge does not pass between two electrodes in a narrow tube, each of these being connected to
one of the terminals of the coil, but it is difficult to reach a point at which a luminous discharge would not occur
around each electrode.

A thought which naturally presents itself in connection with high frequency currents, is to make use of their
powerful electro-dynamic inductive action to product: light effects in a sealed glass globe. The leading-in wire is
one of the defects of the present incandescent lamp, and if no other improvement were made, that imperfection
at least should be done away with. Following this thought, I have carried on experiments in various directions,
of which some were indicated in my former paper. I may here mention one or two more lines of experiment
which have been followed up. 

Many bulbs were constructed as shown in Fig. 32 and Fig. 33. In Fig. 32 a wide tube r was sealed to a smaller
W-shaped tube U, of phosphorescent glass. In the tube T was placed a coil C of aluminium wire, the ends of
which were provided with small spheres t and tl of aluminium, and reached into the U tube. The tube T was
slipped into a socket containing a primary coil through which usually the discharges of Leyden jars were
directed, and the rarefied gas in the small U tube was excited to strong luminosity by the high-tension currents
induced in the
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coil C. When Leyden jar discharges were used to induce currents in the coil C, it was found necessary to pack
the tube T tightly with insulating powder, as a discharge would occur frequently between the turns of the coil,
especially when the primary was thick and the air gap, through which the jars discharged, large, and no little
trouble was experienced in this way.

In Fig. 33 is illustrated another form of the bulb constructed. In this case a tube T is sealed to a globe L. The
tube contains a coil C, the ends of which pass through two small glass tubes t and tl, which are sealed to the
tube T. Two refractory buttons m and ml are mounted on lamp filaments which are fastened to the ends of the
wires passing through the glass tubes t and tl. Generally in bulbs made on this plan the globe I. communicated
with the tube T. For this purpose the ends of the small tubes t and t1 were just a trifle heated in the burner,
merely to hold the wires, but not to interfere with the communication. The tube T, with the small tubes, wires
through the same, and the refractory buttons m and m1 was first prepared, and then sealed to globe L,
whereupon the coil C was slipped in and the connections made to its ends. The tube was then packed with
insulating powder, jamming the latter as tight as possible up to very nearly the end, then it was closed and only
a small hole left through which the remainder of the powder was introduced, and finally the end of the tube was
closed. Usually in bulbs constructed as shown in Fig. 33 an aluminium tube a was fastened to the upper end s
of each of the tubes t and tl, in order to protect that end against the heat. The buttons m and ml could be
brought to any degree of incandescence by passing the discharges of Leyden jars around the coil C. In such
bulbs with two buttons a very curious effect is produced by the formation of the shadows of each of the two
buttons.

Another line of experiment, which has been assiduously followed, was to induce by electro-dynamic induction a
current or luminous discharge in an exhausted tube or bulb. This matter has received such able treatment at
the hands of Prof. J. J. Thomson that I could add but little to what he has made known, even had I made it the
special subject of this lecture. Still, since experiences in this line have gradually led me to the present views
and results, a few words must be devoted here to this subject.

It has occurred, no doubt, to many that as a vacuum tube is made longer the electromotive force per unit length
of the tube, necessary to pass a luminous discharge through the latter, gets continually smaller; therefore, if the
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exhausted tube be made long enough, even with low frequencies a luminous discharge could be induced in
such a tube closed upon itself. Such a tube might be placed around a hall or on a ceiling, and at once a simple
appliance capable of giving considerable light would be obtained. But this would be an appliance hard to
manufacture and extremely unmanageable. It would not do to make the tube up of small lengths, because there
would be with ordinary frequencies considerable loss in the coatings, and besides, if coatings were used, it
would be better to supply the current directly to the tube by connecting the coatings to a transformer. But even
if all objections of such nature were removed, still, with low frequencies the light conversion itself would be
inefficient, as I have before stated. In using extremely high frequencies the length of the secondary -- in other
words, the site of the vessel -- can be reduced as far as desired, and the efficiency of the light conversion is
increased; provided that means are invented for efficiently obtaining such high frequencies. Thus one is led,
from theoretical and practical considerations, to the use of high frequencies, and this means high electromotive
forces and small currents in the primary. When he works with condenser charges -- and they are the only
means up to the present known for reaching these extreme frequencies -- he gets tr. electromotive forces of
several thousands of volts per turn of the primary. He cannot multiply the electro-dynamic inductive effect by
taking more turns in the primary, for he arrives at the conclusion that the best way is to work with one single
turn -- though he must sometimes depart from this rule -- -and he must get along with whatever inductive effect
he can obtain with one turn. But before he has long experimented with the extreme frequencies required to set
up in a small bulb an electromotive force of several thousands of volts he realizes the great importance of
electrostatic effects, and these effects grow relatively to the electro-dynamic in significance as the frequency is
increased.

Now, if anything is desirable in this case, it is to increase the frequency, and this would make it still worse for
the electro-dynamic effects. On the other hand, it is easy to exalt the electrostatic action as far as one likes by
taking more turns on the secondary, or combining self-induction and capacity to raise the potential. It should
also be remembered that, in reducing the current to the smallest value and increasing the potential, the electric
impulses of high frequency can be more easily transmitted through a conductor.

These and similar thoughts determined me to devote more attention to the electrostatic phenomena, and to
endeavor to produce potentials as high as possible, and alternating as fast as they could be made to alternate.
I then found that I could excite vacuum tubes at considerable distance from a conductor connected to a
properly constructed coil, and that I could, by converting the oscillatory current of a condenser to a higher
potential, establish electrostatic alternating fields which acted through the whole extent of a room, lighting up a
tube no matter where it was held in space. I thought I recognized that I had made a step in advance, and I have
perserved in this line; but I wish to say that I share with all lovers of science and progress the one and only
desire -- to reach a result of utility to men in any direction to which thought or experiment may lead me. I think
that this departure is the right one, for I cannot see, from the observation of the phenomena which manifest
themselves as the frequency is increased, what there would remain to act between two circuits conveying, for
instance, impulses of several hundred millions per second, except electrostatic forces. Even with such stifling
frequencies the energy would be practically all potential, and my conviction has grown strong that, to whatever
kind of motion light may be due, it is produced by tremendous electrostatic stresses vibrating with extreme
rapidity.

Of all these phenomena observed with currents, or electric impulses, of high frequency, the most fascinating for
an audience are certainly those which are noted in an electrostatic field acting through considerable distance,
and the best an unskilled lecturer can do is to begin and finish with the exhibition of these singular effects. I
take a tube in the hand and move it about, and it is lighted wherever I may hold it; throughout space the
invisible forces act. But I may take another tube and it might not light, the vacuum being very high. I excite it by
means of a disruptive discharge coil, and now it will light in the electrostatic field. I may put it away for a few
weeks or months, still it retains the faculty of being excited. What change have I produced in the tube in the ad
of exciting it! If a motion imparted to the atoms, it is difficult to perceive how it can persist so long without being
arrested by frictional losses; and if a strain exerted in the dielectric, such as a simple electrification would
produce, it is easy to see how it may persist indefinitely but very difficult to understand why such a condition
should aid the excitation when we have to deal with potentials which are rapidly alternating.

Since I have exhibited these phenomena for the first time, I have obtained some other interesting effects. For
instance, I have produced the incandescence of a button, filament, or wire enclosed in a tube. To get to this
result it was necessary to economize the energy which is obtained from the field and direct most of it on the
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small body to be rendered incandescent. At the beginning the task appeared difficult, but the experiences
gathered permitted me to teach the result easily. In Fig. 34 and Fig. 35 two such tubes are illustrated which are
prepared for the occasion. In Fig. 34 a short tube T1, sealed to another long tube T, is provided with a stem s,
with a platinum wire sealed in the latter. A very thin lamp filament I is fastened to this wire, and connection to
the outside is made through a thin copper wire w. The tube is provided with outside and inside coatings, C and
C1 respectively, and is filled as far as the coatings reach with conducting, and the space above with insulating
powder. These coatings are merely used to enable me to perform two experiments with the tube -- namely, to
produce the effect desired either by direct connection of the body of the experimenter or of another body to the
wire w, or by acting inductively through the glass. The stem s is provided with an aluminium tube a for purposes
before explained, and only a small part of the filament reaches out of this tube. By holding the tube T1
anywhere in the electrostatic field the filament is rendered incandescent.

A more interesting piece of apparatus is illustrated in Fig. 35. The construction is the same as before, only
instead of the lamp filament a small platinum wire P, sealed in a stem s, and bent above it in a circle, is
connected to the copper wire w, which is joined to an inside coating C. A small stem sl is provided with a
needle, on the point of which is arranged to rotate very freely a very light fan of mica v. To prevent the fan from
falling out, a thin stem of glass g is bent properly and fastened to the aluminium tube. When the glass tube is
held anywhere in the electrostatic field the platinum wire becomes incandescent, and the mica vanes are
rotated very fast.

Intense phosphorescence may be excited in a bulb by merely connecting it to a plate within the field, and the
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plate need not be any larger than an ordinary lamp shade. The phosphorescence excited with these currents is
incomparably more powerful than with ordinary apparatus. A small phosphorescent bulb, when attached to a
wire connected tl, a coil, emits sufficient light to allow reading ordinary print at a distance of five to six paces. It
was of interest to see how some of the phosphorescent bulbs of Professor Crookes would behave with these
currents, and he has had the kindness to lend me z few for the occasion. The effects produced are magnificent,
especially by the sulphide of calcium and sulphide of zinc. From the disruptive discharge coil they glow
intensely merely by holding them in the hand and connecting the body to the terminal of the coil.

To whatever results investigations of this kind may lead, their chief interest lies for the present in the
possibilities they offer for the production of an efficient illuminating device. In no branch of electric industry is an
advance more desired than in the manufacture of light. Every thinker, when considering the barbarous methods
employed, the deplorable losses incurred in our best systems of light production, must have asked himself,
What is likely to be the light of the future! Is it to be an incandescent solid, as in the present lamp, or an
incandescent gas, or a phosphorescent body, or something like a burner, but incomparably more efficient!

There is little chance to perfect a gas burner; not, perhaps, because human ingenuity has been bent upon that
problem for centuries without a radical departure having been made -- though this argument is not devoid of
force -- but because in a burner the higher vibrations can never be reached except by passing through all the
low ones. For how is a flame produced unless by a fall of lifted weights! Such process cannot be maintained
without renewal, and renewal is repeated passing from low to high vibrations. One way only seems to be open
to improve a burner, and that is by trying to reach higher degrees of incandescence. Higher incandescence is
equivalent to a quicker vibration; that means more light from the same material, and that, again, means more
economy. In this direction some improvements have been made, but the progress is hampered by many
limitations. Discarding, then, the burner, there remain the three ways first mentioned, which are essentially
electrical.

Suppose the light of the immediate future to be a solid rendered incandescent by electricity. Would it not seem
that it is better to employ a small button than a frail filament! From many considerations it certainly must be
concluded that a button is capable of a higher economy, assuming, of course, the difficulties connected with the
operation of such a lamp to be effectively overcome. But to light such a lamp we require a high potential; and to
get this economically we must use high frequencies.

Such considerations apply even more to the production of light by the incandescence of a gas, or by
phosphorescence. In all cases we require high frequencies and high potentials. These thoughts occurred to me
a long time ago.

Incidentally we gain, by the use of very high frequencies, many advantages, such as a higher economy in the
light production, the possibility of working with one lead, the possibility of doing away with the leading-in wire,
etc.

The question is, how far can we go with frequencies! Ordinary conductors rapidly lose the facility of transmitting
electric impulses when the frequency is greatly increased. Assume the means for the production of impulses of
very great frequency brought to the utmost perfection, every one will naturally ask how to transmit them when
the necessity arises. In transmitting such impulses through conductors we must remember that we have to deal
with pressure and flow, in the ordinary interpretation of these terms. Let the pressure increase to an enormous
value, and let the flow correspondingly diminish, then such impulses -- variations merely of pressure, as it were
-- can no doubt be transmitted through a wire even if their frequency be many hundreds of millions per second.
It would, of course, be out of question to transmit such impulses through a wire immersed in a gaseous
medium, even if thc wire were provided with a thick and excellent insulation for most of the energy would be
lost in molecular bombardment and consequent heating. The end of the wire connected to the source would be
heated, and the remote end would receive but a trifling part of the energy supplied. The prime necessity, then, if
such electric impulses are to be used, is to find means to reduce as much as possible the dissipation.

The first thought is, employ the thinnest possible wire surrounded by the thickest practicable insulation. The
next thought is to employ electrostatic screens. The insulation of the wire may be covered with a thin
conducting coating and the latter connected to the ground. But this would not do, as then all the energy would
pass through the conducting coating to the ground and nothing would get to the end of the wire. If a ground
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connection is made it can only be made through a conductor offering an enormous impedance, or through a
condenser of extremely small capacity. This, however, does not do away with other difficulties.

If the wave length of the impulses is much smaller than the length of the wire, then corresponding short waves
will be sent up in the conducting coating, and it will be more or less the same as though the coating were
directly connected to earth. It is therefore necessary to cut up the coating in sections much shorter than the
wave length. Such an arrangement does not still afford a perfect screen, but it is ten thousand times better than
none. I think it preferable to cut up the conducting coating in small sections, even if the current waves be much
longer than the coating.

If a wire were provided with a perfect electrostatic screen, it would be the same as though all objects were
removed from it at infinite distance. The capacity would then be reduced to the capacity of the wire itself, which
would be very small. It would then be possible to send over the wire current vibrations of very high frequencies
at enormous distance without affecting greatly the character of the vibrations. A perfect screen is of course out
of the question, but I believe that with a screen such as I have just described telephony could be rendered
practicable across the Atlantic. According to my ideas, the gutta-percha covered wire should be provided with a
third conducting coating subdivided in sections. On the top of this should be again placed a layer of
gutta-percha and other insulation, and on the top of the whole the armor. But such cables will not be
constructed, for ere long intelligence -- transmitted without wires will throb through the earth like a pulse
through a living organism. The wonder is that, with the present state of knowledge and the experiences gained,
no attempt is being made to disturb the electrostatic or magnetic condition of the earth, and transmit, if nothing
else, intelligence.

It has been my chief aim in presenting these results to point out phenomena or features of novelty, and to
advance ideas which I am hopeful will serve as starting points of new departures. It has been my chief desire
this evening to entertain you with some novel experiments. Your applause, so frequently and generously
accorded has told me that I have succeeded.

In conclusion, let me thank you most heartily for your kindness and attention, and assure you that the honor I
have had in addressing such a distinguished audience, the pleasure I have had in presenting these results to a
gathering of so many able men and among them also some of those in whose work for many years past I have
found enlightenment and constant pleasure -- I shall never forget.
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— On Electricity —
 

(The Address On the Occasion of the Commemoration of the Introduction of
Niagara Falls Power In Buffalo At the Ellicot Club, January 12, 1897)

Electrical Review, January 27, 1897

I have scarcely had courage enough to address an audience on a few unavoidable occasions, and the
experience of this evening, even as disconnected from the cause of our meeting, is quite novel to me.
Although in those few instances, of which I have retained agreeable memory, my words have met with
a generous reception, I never deceived myself, and knew quite well that my success was not due to
any excellency in the rhetorical or demonstrative art. Nevertheless, my sense of duty to respond to the
request with which I was honored a few days ago was strong enough to overcome my very grave
apprehensions in regard to my ability of doing justice to the topic assigned to me. It is true, at times --
even now, as I speak -- my mind feels full of the subject, but I know that, as soon as I shall attempt
expression, the fugitive conceptions will vanish, and I shall experience certain well known sensations of
abandonment, chill and silence. I can see already your disappointed countenances and can read in
them the painful regret of the mistake in your choice.

These remarks, gentlemen, are not made with selfish desire of winning your kindness and indulgence
on my shortcomings, but with the honest intention of offering you an apology for your disappointment.
Nor are they made -- as you might be disposed to think -- in that playful spirit which, to the enjoyment
of the listeners is often displayed by belated speakers. On the contrary, I am deeply earnest in my wish
that I were capable of having the fire of eloquence kindled in me, that I might dwell in adequate terms
on this fascinating science of electricity, on the marvelous development which electrical annals have
recorded and which, as one of the speakers justly remarked, stamp this age as the Electrical Age, and
particularly on the great event we are commemorating this day. Unfortunately, this my desire must
remain unfulfilled, but I am hopeful that in my formless and incomplete statements, among the few
ideas and facts I shall mention there may be something of interest and usefulness, something befitting
this unique occasion.

Gentlemen, there are a number of features clearly discernible in, and characteristic of, human
intellectual progress in more recent times -- features which afford great comfort to the minds of all
those who have really at heart the advancement and welfare of mankind.

First of all the inquiry, by the aid of the microscope and electrical instruments of precision, into the
nature of our organs and senses, and particularly of those through which we commune directly with the
outside world and through which knowledge is conveyed to our minds, has revealed their exact
construction and mode of action, which is in conformity with simple and well established physical
principles and laws. Hence the observations we make and the facts we ascertain by their help are real
facts and observations, and our knowledge is true knowledge. To illustrate: Our knowledge of form, for
instance, is dependent upon the positive fact that light propagates in straight lines, and, owing to this,
the image formed by a lens is exactly similar to the object seen. Indeed, my thoughts in such fields and
directions have led me to the conclusion that most all human knowledge is based on this simple truth,
since practically every idea or conception -- and therefore all knowledge -- presupposes visual
impressions. But if light would not propagate in accordance with the law mentioned, but in conformity
with any other law which we might presently conceive, whereby not only the image might not bear any
likeness to the object seen, but even the images of the same object at different times or distances
might not resemble each other, then our knowledge of form would be very defective, for then we might
see, for example, a three-cornered figure as a six or twelve-cornered one. With the clear understanding
of the mechanism and mode of action of our organs, we remove all doubts as to the reality and truth of
the impressions received from the outside, and thus we bar out -- forever, we may hope -- that
unhealthy speculation and skepticism into which formerly even strong minds were apt to fall.
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Let me tell you of another comforting feature. The progress in a measured time is nowadays more rapid
and greater than it ever was before. This is quite in accordance with the fundamental law of motion,
which commands acceleration and increase of momentum or accumulation of energy under the action
of a continuously acting force and tendency, and is the more true as every advance weakens the
elements tending to produce friction and retardation. For, after all, what is progress, or -- more correctly
-- development, or evolution, if not a movement, infinitely complex and often unscrutinizable, it is true,
but nevertheless exactly determined in quantity as well as in quality of motion by the physical
conditions and laws governing? This feature of more recent development is best shown in the rapid
merging together of the various arts and sciences by the obliteration of the hard and fast lines of
separation, of borders, some of which only a few years ago seemed unsurpassable, and which, like
veritable Chinese walls, surrounded every department of inquiry and barred progress. A sense of
connectedness of the various apparently widely different forces and phenomena we observe is taking
possession of our minds, a sense of deeper understanding of nature as a whole, which, though not yet
quite clear and defined, is keen enough to inspire us with the confidence of vast realizations in the near
future.

But these features chiefly interest the scientific man, the thinker and reasoner. There is another feature
which affords us still more satisfaction and enjoyment, and which is of still more universal interest,
chiefly because of its bearing upon the welfare of mankind. Gentlemen, there is an influence which is
getting strong and stronger day by day, which shows itself more and more in all departments of human
activity, and influence most fruitful and beneficial -- the influence of the artist. It was a happy day for the
mass of humanity when the artist felt the desire of becoming a physician, an electrician, an engineer or
mechanician or -- whatnot -- a mathematician or a financier; for it was he who wrought all these
wonders and grandeur we are witnessing. It was he who abolished that small, pedantic,
narrow-grooved school teaching which made of an aspiring student a galley-slave, and he who allowed
freedom in the choice of subject of study according to one's pleasure and inclination, and so facilitated
development.

Some, who delight in the exercise of the powers of criticism, call this an assymetrical development, a
degeneration or departure from the normal, or even a degradation of the race. But they are mistaken.
This is a welcome state of things, a blessing, a wise subdivision of labors, the establishment of
conditions most favorable to progress. Let one concentrate all his energies in one single great effort, let
him perceive a single truth, even though he be consumed by the sacred fire, then millions of less gifted
men can easily follow. Therefore it is not as much quantity as quality of work which determines the
magnitude of the progress.

It was the artist, too, who awakened that broad philanthropic spirit which, even in old ages, shone in the
teachings of noble reformers and philosophers, that spirit which makes men in all departments and
positions work not as much for any material benefit or compensation -- though reason may command
this also -- but chiefly for the sake of success, for the pleasure there is in achieving it and for the good
they might be able to do thereby to their fellow-men. Through his influence types of men are now
pressing forward, impelled by a deep love for their study, men who are doing wonders in their
respective branches, whose chief aim and enjoyment is the acquisition and spread of knowledge, men
who look far above earthly things, whose banner is Excelsior! Gentlemen, let us honor the artist; let us
thank him, let us drink his health!

Now, in all these enjoyable and elevating features which characterize modern intellectual development,
electricity, the expansion of the science of electricity, has been a most potent factor. Electrical science
has revealed to us the true nature of light, has provided us with innumerable appliances and
instruments of precision, and has thereby vastly added to the exactness of our knowledge. Electrical
science has disclosed to us the more intimate relation existing between widely different forces and
phenomena and has thus led us to a more complete comprehension of Nature and its many
manifestations to our senses. Electrical science, too, by its fascination, by its promises of immense
realizations, of wonderful possibilities chiefly in humanitarian respects, has attracted the attention and
enlisted the energies of the artist; for where is there a field in which his God-given powers would be of
a greater benefit to his fellow-men than this unexplored, almost virgin, region, where, like in a silent
forest, a thousand voices respond to every call?
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With these comforting features, with these cheering prospects, we need not look with any feeling of
incertitude or apprehension into the future. There are pessimistic men, who, with anxious faces,
continuously whisper in your ear that the nations are secretly arming -- arming to the teeth; that they
are going to pounce upon each other at a given signal and destroy themselves; that they are all trying
to outdo that victorious, great, wonderful German army, against which there is no resistance, for every
German has the discipline in his very blood -- every German is a soldier, But these men are in error.
Look only at our recent experience with the British in that Venezuela difficulty. Two other nations might
have crashed together, but not the Anglo-Saxons; they are too far ahead. The men who tell you this are
ignoring forces which are continually at work, silently but resistlessly -- forces which say Peace!

There is the genuine artist, who inspires us with higher and nobler sentiments, and makes us abhor
strife and carnage. There is the engineer, who bridges gulfs and chasms, and facilitates contact and
equalization of the heterogeneous masses of humanity. There is the mechanic, who comes with his
beautiful time and energy-saving appliances, who perfects his flying machine, not to drop a bag of
dynamite on a city or vessel, but to facilitate transport and travel. There, again, is the chemist, who
opens new resources and makes existence more pleasant and secure; and there is the electrician, who
sends his messages of peace to all parts of the globe. The time will not be long in coming when those
men who are turning their ingenuity to inventing quick-firing guns, torpedoes and other implements of
destruction -- all the while assuring you that it is for the love and good of humanity -- will find no takers
for their odious tools, and will realize that, had they used their inventive talent in other directions; they
might have reaped a far better reward than the sestertia received. And then, and none too soon the cry
will be echoed everywhere. Brethren, stop these high-handed methods of the strong, these remnants of
barbarism so inimical to progress! Give that valiant warrior opportunities for displaying a more
commendable courage than that he shows when, intoxicated with victory, he rushes to the destruction
of his fellow-men. Let him toil day and night with a small chance of achieving and yet be unflinching; let
him challenge the dangers of exploring the heights of the air and the depths of the sea; let him brave
the dread of the plague, the heat of the tropic desert and the ice of the polar region. Turn your energies
to warding off the common enemies and danger, the perils that are all around you, that threaten you in
the air you breathe, in the water you drink, in the food you consume. It is not strange, is it not shame,
that we, beings in the highest state of development in this our world, beings with such immense powers
of thought and action, we, the masters of the globe, should be absolutely at the mercy of our unseen
foes, that we should not know whether a swallow of food or drink brings joy and life or pain and
destruction to us! In this most modern and sensible warfare, in which the bacteriologist leads, the
services electricity will render will prove invaluable. The economical production of high-frequency
currents, which is now an accomplished fact, enables us to generate easily and in large quantities
ozone for the disinfection of the water and the air, while certain novel radiations recently discovered
give hope of finding effective remedies against ills of microbic origin, which have heretofore withstood
all efforts of the physician. But let me turn to a more pleasant theme.

I have referred to the merging together of the various sciences or departments of research, and to a
certain perception of intimate connection between the manifold and apparently different forces and
phenomena. Already we know, chiefly through the efforts of a bold pioneer, that light, radiant heat,
electrical and magnetic actions are closely related, not to say identical. The chemist professes that the
effects of combination and separation of bodies he observes are due to electrical forces, and the
physician and physiologist will tell you that even life's progress is electrical. Thus electrical science has
gained a universal meaning, and with right this age can claim the name "Age of Electricity."

I wish much to tell you on this occasion - I may say I actually burn for desire of telling you - what
electricity really is, but I have very strong reasons, which my coworkers will best appreciate, to follow a
precedent established by a great and venerable philosopher, and I shall not dwell on this purely
scientific aspect of electricity.

There is another reason for the claim which I have before stated which is even more potent than the
former, and that is the immense development in all electrical branches in more recent years and its
influence upon other departments of science and industry. To illustrate this influence I only need to
refer to the steam or gas engine. For more than half a century the steam engine has served the
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innumerable wants of man. The work it was called to perform was of such variety and the conditions in
each case were so different that, of necessity, a great many types of engines have resulted. In the vast
majority of cases the problem put before the engineer was not as it should have been, the broad one of
converting the greatest possible amount of heat energy into mechanical power, but it was rather the
specific problem of obtaining the mechanical power in such form as to be best suitable for general use.
As the reciprocating motion of the piston was not convenient for practical purposes, except in very few
instances, the piston was connected to a crank, and thus rotating motions was obtained, which was
more suitable and preferable, though it involved numerous disadvantages incident to the crude and
wasteful means employed. But until quite recently there were at the disposal of the engineer, for the
transformation and transmission of the motion of the piston, no better means than rigid mechanical
connections. The past few years have brought forcibly to the attention of the builder the electric motor,
with its ideal features. Here was a mode of transmitting mechanical motion simpler by far, and also
much more economical. Had this mode been perfected earlier, there can be no doubt that, of the many
different types of engine, the majority would not exist, for just as soon as an engine was coupled with
an electric generator a type was produced capable of almost universal use. From this moment on there
was no necessity to endeavor to perfect engines of special designs capable of doing special kinds of
work. The engineer's task became now to concentrate all his efforts upon one type, to perfect one kind
of engine - the best; the universal, the engine of the immediate future; namely, the one which is best
suitable for the generation of electricity. The first efforts in this direction gave a strong impetus to the
development of the reciprocating highspeed engine, and also to the turbine, which latter was a type of
engine of very limited practical usefulness, but became, to a certain extent, valuable in connection with
the electric generator and motor. Still, even the former engine, though improved in many particulars, is
not radically changed, and even now has the same objectionable features and limitations. To do away
with these as much as possible, a new type of engine is being perfected in which more favorable
conditions for economy are maintained, which expands the working fluid with utmost rapidity and loses
little heat on the walls, an engine stripped of all usual regulating mechanism - packings, oilers and
other appendages - and forming part of an electric generator; and in this type, I may say, I have implicit
faith.

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

There are many other lines of manufacture and industry in which the influence of electrical
development has been even more powerfully felt. So, for instance, the manufacture of a great variety of
articles of metal, and especially of chemical products. The welding of metals by electricity, though
involving a wasteful process, has, nevertheless, been accepted as a legitimate art, while the
manufacture of metal sheet, seamless tubes and the like affords promise of much improvement. We
are coming gradually, but surely, to the fusion of bodies and reduction of all kinds of ores - even of iron
ores - by the use of electricity, and in each of these departments great realizations are probable. Again,
the economical conversion of ordinary currents of supply into high-frequency currents opens up new
possibilities, such as the combination of the atmospheric nitrogen and the production of its compounds;
for instance, ammonia and nitric acid, and their salts, by novel processes.

The high-frequency currents also bring us to the realization of a more economical system of lighting;
namely by means of phosphorescent bulbs or tubes, and enable us to produce with these appliances
light of practically any candle-power. Following other developments in purely electrical lines, we have
all rejoiced in observing the rapid strides made, which, in quite recent years, have been beyond our
most sanguine expectations. To enumerate the many advances recorded is a subject for the reviewer,
but I can not pass without mentioning the beautiful discoveries of Lenart and Roentgen, particularly the
latter, which have found such a powerful response throughout the scientific world that they have made
us forget, for a time, the great achievement of Linde in Germany, who has effected the liquefaction of
air on an industrial scale by a process of continuous cooling: the discovery of argon by Lord Rayleigh
and Professor Ramsay, and the splendid pioneer work of Professor Dewar in the field of low
temperature research. The fact that the United States have contributed a very liberal share to this
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prodigious progress must afford to all of us great satisfaction. While honoring the workers in other
countries and all those who, by profession or inclination, are devoting themselves to strictly scientific
pursuits, we have particular reasons to mention with gratitude the names of those who have so much
contributed to this marvelous development of electrical industry in this country. Bell, who, by his
admirable invention enabling us to transmit speech to great distances, has profoundly affected our
commercial and social relations, and even our very mode of life; Edison, who, had he not done
anything else beyond his early work in incandescent lighting, would have proved himself one of the
greatest benefactors of the age; Westinghouse, the founder of the commercial alternating system;
Brush, the great pioneer of arc lighting; Thomson, who gave us the first practical welding machine, and
who, with keen sense, contributed very materially to the development of a number of scientific and
industrial branches; Weston, who once led the world in dynamo design, and now leads in the
construction of electric instruments; Sprague, who, with rare energy, mastered the problem and insured
the success of practical electrical railroading; Acheson, Hall, Willson and others, who are creating new
and revolutionizing industries here under our very eyes at Niagara. Nor is the work of these gifted men
nearly finished at this hour. Much more is still to come, form fortunately, most of them are still full of
enthusiasm and vigor. All of these men and many more are untiringly at work investigating new regions
and opening up unsuspected and promising fields. Weekly, if not daily, we learn through the journals of
a new advance into some unexplored region, where at every step success beckons friendly, and leads
the toiler on to hard and harder tasks.

But among all these many departments of research, these many branches of industry, new and old,
which are being rapidly expanded, there is one dominating all others in importance - one which is of the
greatest significance for the comfort and welfare, not to say for the existence, of mankind, and that is
the electrical transmission of power. And in this most important of all fields, gentlemen, long afterwards,
when time will have placed the events in their proper perspective, and assigned men to their deserved
places, the great event we are commemorating today will stand out as designating a new and glorious
epoch in the history of humanity - an epoch grander than that marked by the advent of the steam
engine. We have many a monument of past ages: we have the palaces and pyramids, the temples of
the Greek and the cathedrals of Christendom. In them is exemplified the power of men, the greatness
of nations, the love of art and religious devotion. But that monument at Niagara has something of its
own, more in accord with our present thoughts and tendencies. It is a monument worthy of our scientific
age, a true monument of enlightenment and of peace. It signifies the subjugation of natural forces to
the service of man, the discontinuance of barbarous methods, the relieving of millions from want and
suffering. No matter what we attempt to do, no matter to what fields we turn our efforts, we are
dependent on power. Our economists may propose more economical systems of administration and
utilization of resources, our legislators may make wiser laws and treaties, it matters little; that kind of
help can be only temporary. If we want to reduce poverty and misery, if we want to give to every
deserving individual what is needed for a safe existence of an intelligent being, we want to provide
more machinery, more power. Power is our mainstay, the primary source of our many-sided energies.
With sufficient power at our disposal we can satisfy most of our wants and offer a guaranty for safe and
comfortable existence to all, except perhaps to those who are the greatest criminals of all - the
voluntarily idle.

The development and wealth of a city, the success of a nation, the progress of the whole human race,
is regulated by the power available. Think of the victorious march of the British, the like of which history
has never recorded. Apart from the qualities of the race, which have been of great moment, they own
the conquest of the world to - coal. For with coal they produce their iron; coal furnishes them light and
heat; coal drives the wheels of their immense manufacturing establishments, and coal propels their
conquering fleets. But the stores are being more and more exhausted; the labor is getting dearer and
dearer, and the demand is continuously increasing. It must be clear to every one that soon some new
source of power supply must be opened up, or that at least the present methods must be materially
improved. A great deal is expected from a more economical utilization of the stored energy of the
carbon in a battery; but while the attainment of such a result would be hailed as a great achievement; it
would not be as much of an advance towards the ultimate and permanent method of obtaining power
as some engineers seem to believe. By reasons both of economy and convenience we are driven to
the general adoption of a system of energy supply from central stations, and for such purposes the
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beauties of the mechanical generation of electricity can not be exaggerated. The advantages of this
universally accepted method are certainly so great that the probability of replacing the engine dynamos
by batteries is, in my opinion, a remote one, the more so as the high-pressure steam engine and gas
engine give promise of a considerably more economical thermodynamic conversion. Even if we had
this day such an economical coal battery, its introduction in central stations would by no means be
assured, as its use would entail many inconveniences and drawbacks. Very likely the carbon could not
be burned in its natural form as in a boiler, but would have to be specially prepared to secure uniformity
in the current generation. There would be a great many cells needed to make up the electro-motive
force usually required. The process of cleaning and renewal, the handling of nasty fluids and gases and
the great space necessary for so many batteries would make it difficult, if not commercially
unprofitable, to operate such a plant in a city or densely populated district. Again if the station be
erected in the outskirts, the conversion by rotating transformers or otherwise would be a serious and
unavoidable drawback. Furthermore, the regulating appliances and other accessories which would
have to be provided would probably make the plant fully as much, if not more, complicated than the
present. We might, of course, place the batteries at or near the coal mine, and from there transmit the
energy to distant points in the form of high-tension alternating currents obtained from rotating
transformers, but even in this most favorable case the process would be a barbarous one, certainly
more so than the present, as it would still involve the consumption of material, while at the same time it
would restrict the engineer and mechanic in the exercise of their beautiful art. As to the energy supply
in small isolated places as dwellings, I have placed my confidence in the development of a light storage
battery, involving the use of chemicals manufactured by cheap water power, such as some carbide or
oxygen-hydrogen cell.

But we shall not satisfy ourselves simply with improving steam and explosive engines or inventing new
batteries; we have something much better to work for, a greater task to fulfill. We have to evolve means
for obtaining energy from stores which are forever inexhaustible, to perfect methods which do not imply
consumption and waste of any material whatever. Upon this great possibility, which I have long ago
recognized, upon this great problem, the practical solution of which means so much for humanity, I
have myself concentrated my efforts since a number of years, and a few happy ideas which came to
me have inspired me to attempt the most difficult, and given me strength and courage in adversity.
Nearly six years ago my confidence had become strong enough to prompt me to an expression of hope
in the ultimate solution of this all dominating problem. I have made progress since, and have passed
the stage of mere conviction such as is derived from a diligent study of known facts, conclusions and
calculations. I now feel sure that the realization of that idea is not far off. But precisely for this reason I
feel impelled to point out here an important fact, which I hope will be remembered. Having examined
for a long time the possibilities of the development I refer to, namely, that of the operation of engines on
any point of the earth by the energy of the medium, I find that even under the theoretically best
conditions such a method of obtaining power can not equal in economy, simplicity and many other
features the present method, involving a conversion fo the mechanical energy of running water into
electrical energy and the transmission of the latter in the form of currents of very high tension to great
distances. Provided, therefore, that we can avail ourselves of currents of sufficiently high tension, a
waterfall affords us the most advantageous means of getting power from the sun sufficient for all our
wants, and this recognition has impressed me strongly with the future importance of the water power,
not so much because of its commercial value, though it may be very great, but chiefly because of its
bearing upon our safety and welfare. I am glad to say that also in this latter direction my efforts have
not been unsuccessful, for I have devised means which will allow us the use in power transmission of
electromotive forces much higher than those practicable with ordinary apparatus. In fact, progress in
this field has given me fresh hope that I shall see the fulfillment of one of my fondest dreams; namely,
the transmission of power from station to station without the employment of any connecting wire. Still,
whatever method of transmission be ultimately adopted, nearness to the source of power will remain an
important advantage.

Gentlemen, some of the ideas I have expressed may appear to many of you hardly realizable;
nevertheless, they are the result of long-continued thought and work. You would judge them ore justly if
you would have devoted your life to them, as I have done. With ideas it is like with dizzy heights you
climb: At first they cause you discomfort and you are anxious to get down, distrustful of your own
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powers; but soon the remoteness of the turmoil of life and the inspiring influence of the altitude calm
your blood; your step gets firm and sure and you begin to look - for dizzier heights. I have attempted to
speak to you on "Electricity," its development and influence, but I fear that I have done it much like a
boy who tries to draw a likeness with a few straight lines. But I have endeavored to bring out one
feature, to speak to you in one strain which I felt sure would find response in the hearts of all of you, the
only one worthy of this occasion - the humanitarian. In the great enterprise at Niagara we see not only
a bold engineering and commercial feat, but far more, a giant stride in the right direction as indicated
both by exact science and philanthropy. Its success is a signal for the utilization of water powers all
over the world, and its influence upon industrial development is incalculable. We must all rejoice in the
great achievement and congratulate the intrepid pioneers who have joined their efforts and means to
bring it about. It is a pleasure to learn of the friendly attitude of the citizens of Buffalo and of the
encouragement given to the enterprise by the Canadian authorities. We shall hope that other cities, like
Rochester on this side and Hamilton and Toronto in Canada, will soon follow Buffalo's lead. This
fortunate city herself is to be congratulated. With resources now unequaled, with commercial facilities
and advantages such as few cities in the world possess, and with the enthusiasm and progressive spirit
of its citizens, it is sure to become one of the greatest industrial centers of the globe. 
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— The Transmission Of Electric Energy Without Wires —

 

Electrical World and Engineer, March 5, 1904 
 
 
 
 
 

It is impossible to resist your courteous request extended on an occasion of such moment in the life of
your journal. Your letter has vivified the memory of our beginning friendship, of the first imperfect
attempts and undeserved successes, of kindnesses and misunderstandings. It has brought painfully to
my mind the greatness of early expectations, the quick flight of time, and alas! the smallness of
realizations. The following lines which, but for your initiative, might not have been given to the world for
a long time yet, are an offering in the friendly spirit of old, and my best wishes for your future success
accompany them. 

Towards the close of 1898 a systematic research, carried on for a number of years with the object of
perfecting a method of transmission of electrical energy through the natural medium, led me to
recognize three important necessities: First, to develop a transmitter of great power; second, to perfect
means for individualizing and isolating the energy transmitted; and, third, to ascertain the laws of
propagation of currents through the earth and the atmosphere. Various reasons, not the least of which
was the help proffered by my friend Leonard E. Curtis and the Colorado Springs Electric Company,
determined me to select for my experimental investigations the large plateau, two thousand meters
above sea-level, in the vicinity of that delightful resort, which I reached late in May, 1899. I had not
been there but a few days when I congratulated myself on the happy choice and I began the task, for
which I had long trained myself, with a grateful sense and full of inspiring hope. The perfect purity of the
air, the unequaled beauty of the sky, the imposing sight of a high mountain range, the quiet and
restfulness of the place--all around contributed to make the conditions for scientific observations ideal.
To this was added the exhilarating influence of a glorious climate and a singular sharpening of the
senses. In those regions the organs undergo perceptible physical changes. The eyes assume an
extraordinary limpidity, improving vision; the ears dry out and become more susceptible to sound.
Objects can be clearly distinguished there at distances such that I prefer to have them told by someone
else, and I have heard--this I can venture to vouch for--the claps of thunder seven and eight hundred
kilometers away. I might have done better still, had it not been tedious to wait for the sounds to arrive,
in definite intervals, as heralded precisely by an electrical indicating apparatus--nearly an hour before. 

In the middle of June, while preparations for other work were going on, I arranged one of my receiving
transformers with the view of determining in a novel manner, experimentally, the electric potential of the
globe and studying its periodic and casual fluctuations. This formed part of a plan carefully mapped out
in advance. A highly sensitive, self-restorative device, controlling a recording instrument, was included
in the secondary circuit, while the primary was connected to the ground and an elevated terminal of
adjustable capacity. The variations of potential gave rise to electric surgings in the primary; these
generated secondary currents, which in turn affected the sensitive device and recorder in proportion to
their intensity. The earth was found to be, literally, alive with electrical vibrations, and soon I was deeply
absorbed in the interesting investigation. No better opportunities for such observations as I intended to
make could be found anywhere. Colorado is a country famous for the natural displays of electric force.
In that dry and rarefied atmosphere the sun's rays beat the objects with fierce intensity. I raised steam,
to a dangerous pressure, in barrels filled with concentrated salt solution, and the tin-foil coatings of
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some of my elevated terminals shriveled up in the fiery blaze. An experimental high-tension
transformer, carelessly exposed to the rays of the setting sun, had most of its insulating compound
melted out and was rendered useless. Aided by the dryness and rarefaction of the air, the water
evaporates as in a boiler, and static electricity is developed in abundance. Lightning discharges are,
accordingly, very frequent and sometimes of inconceivable violence. On one occasion approximately
twelve thousand discharges occurred in two hours, and all in a radius of certainly less than fifty
kilometers from the laboratory. Many of them resembled gigantic trees of fire with the trunks up or
down. I never saw fire balls, but as compensation for my disappointment I succeeded later in
determining the mode of their formation and producing them artificially. 

In the latter part of the same month I noticed several times that my instruments were affected stronger
by discharges taking place at great distances than by those near by. This puzzled me very much. What
was the cause? A number of observations proved that it could not be due to the differences in the
intensity of the individual discharges, and I readily ascertained that the phenomenon was not the result
of a varying relation between the periods of my receiving circuits and those of the terrestrial
disturbances. One night, as I was walking home with an assistant, meditating over these experiences, I
was suddenly staggered by a thought. Years ago, when I wrote a chapter of my lecture before the
Franklin Institute and the National Electric Light Association, it had presented itself to me, but I
dismissed it as absurd and impossible. I banished it again. Nevertheless, my instinct was aroused and
somehow I felt that I was nearing a great revelation. 

It was on the third of July--the date I shall never forget--when I obtained the first decisive experimental
evidence of a truth of overwhelming importance for the advancement of humanity. A dense mass of
strongly charged clouds gathered in the west and towards the evening a violent storm broke loose
which, after spending much of its fury in the mountains, was driven away with great velocity over the
plains. Heavy and long persisting arcs formed almost in regular time intervals. My observations were
now greatly facilitated and rendered more accurate by the experiences already gained. I was able to
handle my instruments quickly and I was prepared. The recording apparatus being properly adjusted,
its indications became fainter and fainter with the increasing distance of the storm, until they ceased
altogether. I was watching in eager expectation. Surely enough, in a little while the indications again
began, grew stronger and stronger and, after passing through a maximum, gradually decreased and
ceased once more. Many times, in regularly recurring intervals, the same actions were repeated until
the storm which, as evident from simple computations, was moving with nearly constant speed, had
retreated to a distance of about three hundred kilometers. Nor did these strange actions stop then, but
continued to manifest themselves with undiminished force. Subsequently, similar observations were
also made by my assistant, Mr. Fritz Lowenstein, and shortly afterward several admirable opportunities
presented themselves which brought out, still more forcibly, and unmistakably, the true nature of the
wonderful phenomenon. No doubt, whatever remained: I was observing stationary waves. 

As the source of disturbances moved away the receiving circuit came successively upon their nodes
and loops. Impossible as it seemed, this planet, despite its vast extent, behaved like a conductor of
limited dimensions. The tremendous significance of this fact in the transmission of energy by my
system had already become quite clear to me. Not only was it practicable to send telegraphic
messages to any distance without wires, as I recognized long ago, but also to impress upon the entire
globe the faint modulations of the human voice, far more still, to transmit power, in unlimited amounts,
to any terrestrial distance and almost without loss.

With these stupendous possibilities in sight, and the experimental evidence before me that their
realization was henceforth merely a question of expert knowledge, patience and skill, I attacked
vigorously the development of my magnifying transmitter, now, however, not so much with the original
intention of producing one of great power, as with the object of learning how to construct the best one.
This is, essentially, a circuit of very high self-induction and small resistance which in its arrangement,
mode of excitation and action, may be said to be the diametrical opposite of a transmitting circuit typical
of telegraphy by Hertzian or electromagnetic radiations. It is difficult to form an adequate idea of the
marvelous power of this unique appliance, by the aid of which the globe will be transformed. The
electromagnetic radiations being reduced to an insignificant quantity, and proper conditions of
resonance maintained, the circuit acts like an immense pendulum, storing indefinitely the energy of the
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primary exciting impulses and impressions upon the earth of the primary exciting impulses and
impressions upon the earth and its conducting atmosphere uniform harmonic oscillations of intensities
which, as actual tests have shown, may be pushed so far as to surpass those attained in the natural
displays of static electricity. 

Simultaneously with these endeavors, the means of individualization and isolation were gradually
improved. Great importance was attached to this, for it was found that simple tuning was not sufficient
to meet the vigorous practical requirements. The fundamental idea of employing a number of distinctive
elements, co-operatively associated, for the purpose of isolating energy transmitted, I trace directly to
my perusal of Spencer's clear and suggestive exposition of the human nerve mechanism. The
influence of this principle on the transmission of intelligence, and electrical energy in general, cannot as
yet be estimated, for the art is still in the embryonic stage; but many thousands of simultaneous
telegraphic and telephonic messages, through one single conducting channel, natural or artificial, and
without serious mutual interference, are certainly practicable, while millions are possible. On the other
hand, any desired degree of individualization may be secured by the use of a great number of
co-operative elements and arbitrary variation of their distinctive features and order of succession. For
obvious reasons, the principle will also be valuable in the extension of the distance of transmission. 

Progress though of necessity slow was steady and sure, for the objects aimed at were in a direction of
my constant study and exercise. It is, therefore, not astonishing that before the end of 1899 I completed
the task undertaken and reached the results which I have announced in my article in the Century
Magazine of June, 1900, every word of which was carefully weighed. 

Much has already been done towards making my system commercially available, in the transmission of
energy in small amounts for specific purposes, as well as on an industrial scale. The results attained by
me have made my scheme of intelligence transmission, for which the name of "World Telegraphy" has
been suggested, easily realizable. It constitutes, I believe, in its principle of operation, means employed
and capacities of application, a radical and fruitful departure from what has been done heretofore. I
have no doubt that it will prove very efficient in enlightening the masses, particularly in still uncivilized
countries and less accessible regions, and that it will add materially to general safety, comfort and
convenience, and maintenance of peaceful relations. It involves the employment of a number of plants,
all of which are capable of transmitting individualized signals to the uttermost confines of the earth.
Each of them will be preferably located near some important center of civilization and the news it
receives through any channel will be flashed to all points of the globe. A cheap and simple device,
which might be carried in one's pocket, may then be set up somewhere on sea or land, and it will
record the world's news or such special messages as may be intended for it. Thus the entire earth will
be converted into a huge brain, as it were, capable of response in every one of its parts. Since a single
plant of but one hundred horse-power can operate hundreds of millions of instruments, the system will
have a virtually infinite working capacity, and it must needs immensely facilitate and cheapen the
transmission of intelligence. 

The first of these central plants would have been already completed had it not been for unforeseen
delays which, fortunately, have nothing to do with its purely technical features. But this loss of time,
while vexatious, may, after all, prove to be a blessing in disguise. The best design of which I know has
been adopted, and the transmitter will emit a wave complex of total maximum activity of ten million
horse-power, one per cent. of which is amply sufficient to "girdle the globe." This enormous rate of
energy delivery. approximately twice that of the combined falls of Niagara, is obtainable only by the use
of certain artifices, which I shall make known in due course. 

For a large part of the work which I have done so far I am indebted to the noble generosity of Mr. J.
Pierpont Morgan, which was all the more welcome and stimulating, as it was extended at a time when
those, who have since promised most, were the greatest of doubters. I have also to thank my friend,
Stanford White, for much unselfish and valuable assistance. This work is now far advanced, and
though the results may be tardy, they are sure to come. 

Meanwhile, the transmission of energy on an industrial scale is not being neglected. The Canadian
Niagara Power Company have offered me a splendid inducement, and next to achieving success for
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the sake of the art, it will give me the greatest satisfaction to make their concession financially
profitable to them. In this first power plant, which I have been designing for a long time, I propose to
distribute ten thousand horse-power under a tension of one hundred million volts, which I am now able
to produce and handle with safety. 

This energy will be collected all over the globe preferably in small amounts, ranging from a fraction of
one to a few horse-power. One its chief uses will be the illumination of isolated homes. I takes very little
power to light a dwelling with vacuum tubes operated by high-frequency currents and in each instance
a terminal a little above the roof will be sufficient. Another valuable application will be the driving of
clocks and other such apparatus. These clocks will be exceedingly simple, will require absolutely no
attention and will indicate rigorously correct time. The idea of impressing upon the earth American time
is fascinating and very likely to become popular. There are innumerable devices of all kinds which are
either now employed or can be supplied, and by operating them in this manner I may be able to offer a
great convenience to whole world with a plant of no more than ten thousand horse-power. The
introduction of this system will give opportunities for invention and manufacture such as have never
presented themselves before. 

Knowing the far-reaching importance of this first attempt and its effect upon future development, I shall
proceed slowly and carefully. Experience has taught me not to assign a term to enterprises the
consummation of which is not wholly dependent on my own abilities and exertions. But I am hopeful
that these great realizations are not far off, and I know that when this first work is completed they will
follow with mathematical certitude. 

When the great truth accidentally revealed and experimentally confirmed is fully recognized, that this
planet, with all its appalling immensity, is to electric currents virtually no more than a small metal ball
and that by this fact many possibilities, each baffling imagination and of incalculable consequence, are
rendered absolutely sure of accomplishment; when the first plant is inaugurated and it is shown that a
telegraphic message, almost as secret and non-interferable as a thought, can be transmitted to any
terrestrial distance, the sound of the human voice, with all its intonations and inflections, faithfully and
instantly reproduced at any other point of the globe, the energy of a waterfall made available for
supplying light, heat or motive power, anywhere-on sea, or land, or high in the air-humanity will be like
an ant heap stirred up with a stick: See the excitement coming! 
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— How Cosmic Forces Shape Our Destinies —
 
 

("Did the War Cause the Italian Earthquake")

New York American, February 7, 1915

Every living being is an engine geared to the wheelwork of the universe. Though seemingly affected
only by its immediate surrounding, the sphere of external influence extends to infinite distance. There is
no constellation or nebula, no sun or planet, in all the depths of limitless space, no passing wanderer of
the starry heaven, that does not exercise some control over its destiny -- not in the vague and delusive
sense of astrology, but in the rigid and positive meaning of physical science.

More than this can be said. There is no thing endowed with life -- from man, who is enslaving the
elements, to the humblest creature -- in all this world that does not sway it in turn. Whenever action is
born from force, though it be infinitesimal, the cosmic balance is upset and universal motion result.

Herbert Spencer has interpreted life as a continuous adjustment to the environment, a definition of this
inconceivably complex manifestation quite in accord with advanced scientific thought, but, perhaps, not
broad enough to express our present views. With each step forward in the investigation of its laws and
mysteries our conceptions of nature and its phases have been gaining in depth and breadth.

In the early stages of intellectual development man was conscious of but a small part of the
macrocosm. He knew nothing of the wonders of the microscopic world, of the molecules composing if
of the atoms making up the molecules and of the dwindlingly small world of electrons within the atoms.
To him life was synonymous with voluntary motion and action. A plant did not suggest to him what it
does to us -- that it lives and feels, fights for its existence, that it suffers and enjoys. Not only have we
found this to be true, but we have ascertained that even matter called inorganic, believed to be dead,
responds to irritants and gives unmistakable evidence of the presence of a living principle within.

Thus, everything that exists, organic or inorganic, animated or inert, is susceptible to stimulus from the
outside. There is no gap between, no break of continuity, no special and distinguishing vital agent. The
same law governs all matter, all the universe is alive. The momentous question of Spencer, "What is it
that causes inorganic matter to run into organic forms!" has been answered. It is the sun's heat and
light. Wherever they are there is life. Only in the boundless wastes of interstellar space, in the eternal
darkness and cold, is animation suspended, and, possibly, at the temperature of absolute zero all
matter may die.

Man as a Machine

This realistic aspect of the perceptible universe, as a clockwork wound up and running down,
dispensing with the necessity of a hypermechanical vital principle, need not be in discord with our
religious and artistic aspirations -- those undefinable and beautiful efforts through which the human
mind endeavors to free itself from material bonds. On the contrary, the better understanding of nature,
the consciousness that our knowledge is true, can only be all the more elevating and inspiring.

It was Descartes, the great French philosopher, who in the seventeenth century, laid the first
foundation to the mechanistic theory of life, not a little assisted by Harvey's epochal discovery of blood
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circulation. He held that animals were simply automata without consciousness and recognized that
man, though possessed of a higher and distinctive quality, is incapable of action other than those
characteristic of a machine. He also made the first attempt to explain the physical mechanism of
memory. But in this time many functions of the human body were not as yet understood, and in this
respect some of his assumptions were erroneous.

Great strides have since been made in the art of anatomy, physiology and all branches of science, and
the workings of the man-machine are now perfectly clear. Yet the very fewest among us are able to
trace their actions to primary external causes. lt is indispensable to the arguments I shall advance to
keep in mind the main facts which I have myself established in years of close reasoning and
observation and which may be summed up as follows:

1. The human being is a self-propelled automaton entirely under the control of external influences.
Willful and predetermined though they appear, his actions are governed not from within, but from
without. He is like a float tossed about by the waves of a turbulent sea.

2. There is no memory or retentive faculty based on lasting impression. What we designate as memory
is but increased responsiveness to repeated stimuli.

3. It is not true, as Descartes taught, that the brain is an accumulator. There is no permanent record in
the brain, there is no stored knowledge. Knowledge is something akin to an echo that needs a
disturbance to be called into being.

4. All knowledge or form conception is evoked through the medium of the eye, either in response to
disturbances directly received on the retina or to their fainter secondary effects and reverberations.
Other sense organs can only call forth feelings which have no reality of existence and of which no
conception can be formed.

5. Contrary to the most important tenet of Cartesian philosophy that the perceptions of the mind are
illusionary, the eye transmits to it the true and accurate likeness of external things. This is because light
propagates in straight lines and the image cast on the retina is an exact reproduction of the external
form and one which, owing to the mechanism of the optic nerve, can not be distorted in the
transmission to the brain. What is more, the process must be reversible, that in to say, a form brought
to consciousness can, by reflex action, reproduce the original image on the retina just as an echo can
reproduce the original disturbance If this view is borne out by experiment an immense revolution in all
human relations and departments of activity will be the consequence.

Natural Forces Influence Us

Accepting all this as true let us consider some of the forces and influences which act on such a
wonderfully complex automatic engine with organs inconceivably sensitive and delicate, as it is carried
by the spinning terrestrial globe in lightning flight through space. For the sake of simplicity we may
assume that the earth's axis is perpendicular to the ecliptic and that the human automaton is at the
equator. Let his weight be one hundred and sixty pounds then, at the rotational velocity of about 1,520
feet per second with which he is whirled around, the mechanical energy stored in his body will be
nearly 5,780,000 foot pounds, which is about the energy of a hundred-pound cannon ball.

This momentum is constant as well as upward centrifugal push, amounting to about fifty-five hundredth
of a pound, and both will probably be without marked influence on his life functions. The sun, having a
mass 332,000 times that of the earth, but being 23,000 times farther, will attract the automaton with a
force of about one-tenth of one pound, alternately increasing and diminishing his normal weight by that
amount.

Though not conscious of these periodic changes, he is surely affected by them.

The earth in its rotation around the sun carries him with the prodigious speed of nineteen miles per
second and the mechanical energy imparted to him is over 25,160,000,000 foot pounds. The largest
gun ever made in Germany hurls a projectile weighing one ton with a muzzle velocity of 3,700 feet per
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second, the energy being 429,000,000 foot pounds. Hence the momentum of the automaton's body is
nearly sixty times greater. It would be sufficient to develop 762,400 horse-power for one minute, and if
the motion were suddenly arrested the body would be instantly exploded with a force sufficient to carry
a projectile weighing over sixty tons to a distance of twenty-eight miles.

This enormous energy is, however, not constant, but varies with the position of the automaton in
relation to the sun. The circumference of the earth has a speed of 1,520 feet per second, which is
either added to or subtracted from the translatory velocity of nineteen miles through space. Owing to
this the energy will vary from twelve to twelve hours by an amount approximately equal to
1,533,000,000 foot pounds, which means that energy streams in some unknown way into and out of
the body of the automaton at the rate of about sixty-four horse-power.

But this is not all. The whole`solar system is urged towards the remote constellation Hercules at a
speed which some estimate at some twenty miles per second and owing to this there should be similar
annual changes in the flux of energy, which may reach the appalling figure of over one hundred billion
foot pounds. All these varying and purely mechanical effects are rendered more complex through the
inclination of the orbital planes and many other permanent or casual mass actions.

This automaton, is, however subjected to other forces and influences. His body is at the electric
potential of two billion volts, which fluctuates violently and incessantly. The whole earth is alive with
electrical vibrations in which he takes part. The atmosphere crushes him with a pressure of from
sixteen to twenty tons, according, to barometric condition. He receives the energy of the sun's rays in
varying intervals at a mean rate of about forty foot pounds per second, and is subjected to periodic
bombardment of the sun's particles, which pass through his body as if it were tissue paper. The air is
rent with sounds which beat on his eardrums, and he is shaken by the unceasing tremors of the earth's
crust. He is exposed to great temperature changes, to rain and wind.

What wonder then that in such a terrible turmoil, in which cast iron existence would seem impossible,
this delicate human engine should act in an exceptional manner? If all automata were in every respect
alike they would react in exactly the same way, but this is not the case. There is concordance in
response to those disturbances only which are most frequently repeated, not to all. It is quite easy to
provide two electrical systems which, when subjected to the same influence, will behave in just the
opposite way.

So also two human beings, and what is true of individuals also holds good for their large aggregations.
We all sleep periodically. This is not an indispensable physiological necessity any more than stoppage
at intervals is a requirement for an engine. It is merely a condition gradually imposed upon us by the
diurnal revolution of the globe, and this is one of the many evidences of the truth of the mechanistic
theory. We note a rhythm or ebb and tide, in ideas and opinions, in financial and political movements,
in every department of our intellectual activity.

How Wars Are Started

It only shows that in all this a physical system of mass inertia is involved which affords a further striking
proof. If we accept the theory as a fundamental truth and, furthermore, extend the limits of our sense
perceptions beyond those within which we become conscious of the external impressions, then all the
states in human life, however unusual, can be plausibly explained. A few examples may be given in
illustration.

The eye responds only to light vibrations through a certain rather narrow range, but the limits are not
sharply defined. It is also affected by vibrations beyond, only in lesser degree. A person may thus
become aware of the presence of another in darkness, or through intervening obstacles, and people
laboring under illusions ascribe this to telepathy. Such transmission of thought is absurdly impossible.

The trained observer notes without difficulty that these phenomena are due to suggestion or
coincidence. The same may be said of oral impressions, to which musical and imitative people are
especially susceptible. A person possessing these qualities will often respond to mechanical shocks or
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vibrations which are inaudible.

To mention another instance of momentary interest reference may be made to dancing, which
comprises certain harmonious muscular contractions and contortions of the body in response to a
rhythm. How they come to be in vogue just now, can be satisfactorily explained by supposing the
existence of some new periodic disturbances in the environment, which are transmitted through the air
or the ground and may be of mechanical, electrical or other character.

Exactly so it is with wars, revolutions and similar exceptional states of society.

Though it may seem so, a war can never be caused by arbitrary acts of man.

It is invariably the more or less direct result of cosmic disturbance in which the sun is chiefly concerned.

In many international conflicts of historical record which were precipitated by famine, pestilence or
terrestrial catastrophes the direct dependence of the sun is unmistakable. But in most cases the
underlying primary causes are numerous and hard to trace.

In the present war it would be particularly difficult to show that the apparently willful acts of a few
individuals were not causative. Be it so, the mechanistic theory, being founded on truth demonstrated
in everyday experience, absolutely precludes the possibility of such a state being anything but the
inevitable consequence of cosmic disturbance.

The question naturally presents itself as to whether there is some intimate relation between wars and
terrestrial upheavals. The latter are of decided influence on temperament and disposition, and might at
times be instrumental in accelerating the clash but aside from this there seems to be no mutual
dependence, though both may be due to the same primary cause.

What can be asserted with perfect confidence is that the earth may be thrown into convulsions through
mechanical effects such as are produced in modern warfare. This statement may be startling, but it
admits of a simple explanation.

Earthquakes are principally due to two causes -- subterranean explosions or structural adjustments.
The former are called volcanic, involve immense energy and are hard to start. The latter are named
tectonic; their energy is comparatively insignificant and they can be caused by the slightest shock or
tremor. The frequent slides in the Culebra are displacements of this kind.

War and The Earthquake

Theoretically, it may be said that one might think of a tectonic earthquake and cause it to occur as a
result of the thought, for just preceding the release the mass may be in the most delicate balance.
There is a popular error in regard to the energy of such displacements. In a case recently reported as
quite extraordinary, extending as it did over a vast territory, the energy was estimated at
65,000,000,000,000 foot tons. Assuming even that the whole work was performed in one minute it
would only be equivalent to that of 7,500,000 horse-power during one year, which seems much, but is
little for a terrestrial upheaval. The energy of the sun's rays falling on the same area is a thousand
times greater.

The explosions of mines, torpedoes, mortars and guns develop reactive forces on the ground which are
measured in hundreds or even thousands of tons and make themselves felt all over the globe. Their
effect, however, may be enormously magnified by resonance. The earth is a sphere of a rigidity slightly
greater than that of steel and vibrates once in about one hour and forty-nine minutes.

If, as might well be possible, the concussions happen to be properly timed their combined action could
start tectonic adjustments in any part of the earth, and the Italian calamity may thus have been the
result of explosions in France. That man can produce such terrestrial convulsions is beyond any doubt,
and the time may be near when it will be done for purposes good or apt.
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— Some Personal Recollections —

Scientific American, June 5, 1915 
 
 
 

 

I am glad to be accorded this opportunity for two reasons. In the first place I have long since desired to
express my great appreciation of the Scientific American and to acknowledge my indebtedness for the
timely and useful information which its columns are pouring out in a steady stream. It is a publication
remarkable for the high quality of special articles as well as for the accurate review of technical
advances. The knowledge it conveys is always reliable and rendered still more valuable through the
scrupulous observance of literary courtesy in the quotation of the sources. The services it has rendered
in helping invention and spreading enlightenment are inestimable. The Scientific American is a
periodical ably and conscientiously conducted, measured and dignified in tone to the point of serving as
a model, and in these features, as much as in the wealth and excellence of its contributions, it reflects
great credit, not only on its staff and publishers, but on the whole country. This is not an idle
compliment, but a genuine and well-deserved tribute to which I add my best wishes for continued
success on this memorable occasion.

The second reason is one that concerns me personally. Many erroneous statements have appeared in
print relative to my discovery of the rotating magnetic field and invention of the induction motor which I
was compelled to pass in silence. Great interests have waged a long and bitter contest for my patent
rights; commercial animosities and professional jealousies were aroused, and I was made to suffer in
more than one way. But despite of all pressure and efforts of ingenious lawyers and experts, the rulings
of the courts were in support of my claims for priority in every instance without exception. The battles
have been fought and forgotten, the thirty or forty patents granted to me on the alternating system have
expired, I have been released of burdensome obligations and am free to speak.

Every experience which I have lived through bearing on that early discovery is vividly present in my
memory. I see the faces of the persons, the scenes and objects of my attention, with a sharpness and
distinction and in a fullness of light which is astonishing, and is a measure of the intensity and depth of
the original impressions. I have always been fortunate in ideas, but no other invention, however great,
could be as dear to me as that first one. This will be understood if I dwell briefly on the circumstances
surrounding it and some of the phases and incidents of my young life.

From my childhood I had been intended for the clergy. This prospect hung like a dark cloud on my
mind. After passing eleven years at a public school and a higher institution, I obtained my certificate of
maturity and found myself at the critical point of my career. Should I disobey my father, ignore the
fondest wishes of my mother, or should I resign myself to fate. The thought oppressed me, and I looked
to the future with dread.

Just at that time a terrible epidemic of cholera broke out in my native land. People knew nothing of the
character of the disease and the means of sanitation were of the poorest kind. They burned huge piles
of odorous shrubbery to purify the air, but drank freely of the infected water and died in crowds like
sheep. Contrary to peremptory orders from my father I rushed home and was stricken down. Nine
months in bed with scarcely the ability to move seemed to exhaust all my vitality, and I was given up by
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the physicians. It was an agonizing experience, not so much because of physical suffering as on
account of my intense desire to live. On the occasion of one of the fainting spells my father cheered me
by a promise to let me study engineering; but it would have remained unfulfilled had it nor been for a
marvelous cure brought about by an old lady. There was no force of suggestion or mysterious influence
about it. Such means would have had no effect whatever on me, for I was a firm believer in natural
laws. The remedy was purely medicinal, heroic if not desperate; but it worked and in one year of
mountain climbing and forest life I was fit for the most arduous bodily exertion. My father kept his word,
and in 1877 I entered the Joanneum in Gratz, Styria, one of the oldest technical institutions of Europe. I
proposed to show results which would repay my parents for their bitter disappointment due to my
change of vocation. It was not a passing determination of a light-hearted youth; it was iron resolve. As
some young reader of the Scientific American might draw profit from my example I will explain.
 
 
 
 

Three rotors used with the early induction motor shown below

When I was a boy of seven or eight I read a novel untitled "Abafi" -- The Son of Aba -- a Servian
translation from the Hungarian of Josika, a writer of renown. The lessons it teaches are much like those
of "Ben Hur," and in this respect it might be viewed as anticipatory of the work of Wallace. The
possibilities of will-power and self-control appealed tremendously to my vivid imagination, and I began
to discipline myself. Had I a sweet cake or a juicy apple which I was dying to eat I would give it to
another boy and go through the tortures of Tantalus, pained but satisfied. Had I some difficult task
before me which was exhausting I would attack it again and again until it was done. So I practiced day
by day from morning till night. At first it called for a vigorous mental effort directed against disposition
and desire, but as years went by the conflict lessened and finally my will and wish became identical.
They are so to-day, and in this lies the secret of whatever success I have achieved. These experiences
are as intimately linked with my discovery of the rotating magnetic field as if they formed an essential
part of it; but for them I would never have invented the induction motor.

In the first year of my studies at the Joanneum I rose regularly at three o'clock in the morning and
worked till eleven at night; no Sundays or holidays excepted. My success was unusual and excited the
interest of the professors. Among these was Dr. Allé, who lectured on differential equations and other
branches of higher mathematics and whose addresses were unforgettable intellectual treats, and Prof.
Poeschl, who held the chair of Physics, theoretical and experimental. These men I always remember
with a sense of gratitude. Prof Poeschl was peculiar; it was said of him that he wore the same coat for
twenty years. But what he lacked in personal magnetism he made up in the perfection of his exposition.
I never saw him miss a word or gesture, and his demonstrations and experiments always went off with
clocklike precision. Some time in the winter of 1878 a new apparatus was installed in the lecture room.
It was a dynamo with a laminated permanent magnet and a Gramme armature. Prof. Poeschi had
wound some wire around the field to show the principle of self-excitation, and provided a battery for
running the machine as a motor. As he was illustrating this latter feature there was lively sparking at the
commutator and brushes, and I ventured to remark that these devices might be eliminated. He said that
it was quite impossible and likened my proposal to a perpetual motion scheme, which amused my
fellow students and embarrassed me greatly. For a time I hesitated, impressed by his authority, but my
conviction grew stronger and I decided to work out the solution. At that time my resolve meant more to
me than the most solemn vow.
 
 
 
 

One of the earliest of induction motors. Although it weighed only a little over 20 pounds, it developed
1/4 horse-power at a speed of 1,800 revolutions, a performance considered remarkable at the time.
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I undertook the task with all the fire and boundless confidence of youth. To my mind it was simply a test
of will-power. I knew nothing of the technical difficulties. All my remaining term in Gratz was passed in
intense but fruitless effort, and I almost convinced myself that the problem was unsolvable. Indeed, I
thought, was it possible to transform the steady pull of gravitation into a whirling force! The answer was
an emphatic no. And was this not also true of magnetic attraction? The two propositions appeared very
much the same.

In 1880 I went to Prague, Bohemia, carrying out my father's wish to complete my school education at a
university. The atmosphere of that old and interesting city was favorable to invention. Hungry artists
were plentiful and intelligent company could be found everywhere. Here I made the first distinct step in
advance, by detaching the commutators from the machines and placing them on distant arbors. Every
day I imagined arrangements on this plan without result, but feeling that I was nearing the solution. In
the following year there was a sudden change in my views of life. I realized that my parents were
making too great sacrifices for me and resolved to relieve them of the burden. The American telephone
wave had reached the European continent, and the system was to be installed in Budapest. It
appeared an ideal opportunity, and I took the train for that city. By an irony of fate my first employment
was as a draughtsman. I hated drawing; it was for me the very worst of annoyances. Fortunately it was
not long before I secured the position I sought, that of chief electrician to the telephone company. My
duties brought me in contact with a number of young men in whom I became interested. One of these
was Mr. Szigety, who was a remarkable specimen of humanity. A big head with an awful lump on one
side and a sallow complexion made him distinctly ugly, but from the neck own his body might have
served for a statue of Apollo. His strength was phenomenal. At that time I had exhausted myself
through hard work and incessant thinking. He impressed me with the necessity of systematic physical
development, and I accepted his offer to train me in athletics. We exercised every day and I gained
rapidly in strength. My mind also seemed to grow more vigorous and as my thoughts turned to the
subject which absorbed me I was surprised at my confidence of success. On one occasion, ever
present in my recollection, we were enjoying ourselves in the Varos-liget or City Park. I was reciting
poetry, of which I was passionately fond. At that age I knew entire books by heart and could read them
from memory word by word. One of these was Faust. It was late in the afternoon, the sun was setting,
and I was reminded of the passage:

"Sie rückt und weich, der Tag ist überlebt,
Dort eilt sie bin und fördert neues Leben,
Oh, das kein Flügel mich vom Boden hebt
Ihr nach und immer nach zu streben!

Ach, zu des Geistes Flügeln wird so leicht
Kein körperlicher Flügel sich gesellen!"

As I spoke the last words, plunged in thought and marveling at the power of the poet, the idea came
like a lightning flash. In an instant I saw it all, and I drew with a stick on the sand the diagrams which
were illustrated in my fundamental patents of May, 1888, and which Szigety understood perfectly.

It is extremely difficult for me to put this experience before the reader in its true light and significance
for it is so altogether extraordinary. When an idea presents itself it is, as a rule, crude and imperfect.
Birth, growth and development are phases normal and natural. It was different with my invention. In the
very moment I became conscious of it. I saw it fully developed and perfected. Then again, a theory,
however plausible, must usually be confirmed by experiment. Not so the one I had formulated. It was
being daily demonstrated every dynamo and motor was absolute proof of its soundness. The effect on
me was indescribable. My imaginings were equivalent to realities. I had carried out what I had
undertaken and pictured myself achieving wealth and fame. But more than all this was to me the
revelation that I was an inventor. This was the one thing I wanted to be. Archimedes was my ideal. I
admired the works of artists, but to my mind, they were only shadows and semblances. The inventor, I
thought, gives to the world creations which are palpable, which live and work.

The telephone installation was now completed and in the spring of 1882 an offer was made me to go to
Paris, which I accepted eagerly. Here I met a number of Americans whom I befriended and to whom I
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talked of my invention, and one of them, Mr. D. Cunningham, proposed to form a company for
exploitation. This might have been done had not my duties called me to Strasburg, Alsace. It was in
this city that I constructed my first motor. I had brought some material from Paris, and a disk of iron with
bearings was made for me in a mechanical shop close to the railroad station in which I was installing
the light and power plant. It was a crude apparatus, but afforded me the supreme satisfaction of seeing
for the first time, rotation affected by alternating currents without commutator. I repeated the
experiment with my assistant twice in the summer of 1883. My intercourse with Americans had directed
my attention to the practical introduction and I endeavored to secure capital, but was unsuccessful in
this attempt and returned to Paris early in 1884. Here, too, I made several ineffectual efforts, and finally
resolved to go to America, where I arrived in the summer of 1884. By a previous understanding I
entered the Edison Machine Works, where I undertook the design of dynamos and motors. For nine
months my regular hours were from 10:30 A. M. till 5 A. M. the next day. All this time I was getting more
and more anxious about the invention and was making up my mind to place it before Edison. I still
remember an odd incident in this connection. One day in the latter part of 1884 Mr. Bachelor, the
manager of the works, took me to Coney Island, where we met Edison in company with his former wife.
The moment that I was waiting for was propitious, I was just about to speak when a horrible looking
tramp took hold of Edison and drew him away, preventing me from carrying out my intention. Early in
1885 people approached me with a proposition to develope an arc light system and to form a company
under my name. I signed the contract, and a year and a half later I was free and in a position to devote
myself to the practical development of my discovery. I found financial support, and in April, 1887, a
company was organized for the purpose, and what has followed since is well known.

A few words should be said in regard to the various claims for anticipation which were made upon the
issuance of my patents in 1888, and in numerous suits conducted subsequently. There were three
contestants for the honor, Ferraris, Schallenberger and Cabanellas. All three succumbed to grief. The
opponents of my patents advanced the Ferraris claim very strongly, but any one who will peruse his
little Italian pamphlet, which appeared in the spring of 1888, and compare it with the patent record filed
by me seven months before, and with my paper before the American Institute of Electrical Engineers,
will have no difficulty in reaching a conclusion. Irrespective of being behind me in time, Prof. Ferraris's
publication concerned only my split-phase motor, and in an application for a patent by him priority was
awarded to me. He never suggested any of the essential practical features which constitute my system,
and in regard to the split-phase motor he was very decided in his opinion that it was of no value. Both
Ferraris and Schallenberger discovered the rotation accidentally while working with a Gullard and
Gibbs transformer, and had difficulty in explaining the actions. Neither of them produced a rotating field
motor like mine, nor were their theories the same as my own. As to Cabanellas, the only reason for his
claim is an abandoned and defective technical document. Some over-zealous friends have interpreted
a United States patent granted to Bradley as a contemporary record, but there is no foundation
whatever for such a claim. The original application only described a generator with two circuits which
were provided for the sole purpose of increasing the output. There was not much novelty in the idea,
since a number of such machines existed at that time. To say that these machines were anticipations
of my rotary transformer is wholly unjustified. They might have served as one of the elements in my
system of transformation, but were nothing more than dynamos with two circuits constructed with other
ends in view and in utter ignorance of the new and wonderful phenomena revealed through my
discovery.
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— The Wonder World To Be Created By Electricity —

 

Manufacturer's Record, September 9, 1915

Whoever wishes to get a true appreciation of the greatness of our age should study the history of
electrical development. There he will find a story more wonderful than any tale from Arabian Nights. It
begins long before the Christian era when Thales, Theophrastus and Pliny tell of the magic properties
of electron - the precious substance we call amber - that came from the pure tears of the Heliades,
sisters of Phaeton, the unfortunate youth who attempted to run the blazing chariot of Phoebus and
nearly burned up the earth. It was but natural for the vivid imagination of the Greeks to ascribe the
mysterious manifestations to a hyperphysical cause, to endow the amber with life and with a soul.

Whether this was actual belief or merely poetic interpretation is still a question. When at this very day
many of the most enlightened people think that the pearl is alive, that it grows more lustrous and
beautiful in the warm contact of the human body. So too, it is the opinion of men of science that a
crystal is a living being and this view is being extended to embrace the entire physical universe since
Prof. Jagadis Chunder Bose has demonstrated, in a series of remarkable experiments, that inanimate
matter responds to stimuli as plant fiber and animal tissue.

The superstitious belief of the ancients, if it existed at all, can therefore not be taken as a reliable proof
of their ignorance, but just how much they knew about electricity can only be conjectured. A curious
fact is that the ray or torpedo fish, was used by them in electro-therapy. Some old coins show twin
stars, or sparks, such as might be produced by a galvanic battery. The records, though scanty, are of a
nature to fill us with conviction that a few initiated, at least, had a deeper knowledge of amber -
phenomena. To mention one, Moses was undoubtedly a practical and skillful electrician far in advance
of his time. The Bible describes precisely and minutely arrangements constituting a machine in which
electricity was generated by friction of air against silk curtains and stored in a box constructed like a
condenser. It is very plausible to assume that the sons of Aaron were killed by a high tension discharge
and that the vestal fires of the Romans were electrical. The belt drive must have been known to
engineers of that epoch and it is difficult to see how the abundant evolution of static electricity could
have escaped their notice. Under favorable atmospheric conditions a belt may be transformed into a
dynamic generator capable of producing many striking actions. I have lighted incandescent lamps,
operated motors and performed numerous other equally interesting experiments with electricity drawn
from belts and stored in tin cans.

That many facts in regard to the subtle force were known to the philosophers of old can be safely
concluded, the wonder is, why two thousand years elapsed before Gilbert in 1600 published his famous
work, the first scientific treatise on electricity and magnetism. To an extent this long period of
unproductiveness can be explained. Learning was the privilege of a few and all information was
jealously guarded. Communication was difficult and slow and a mutual understanding between widely
separated investigators hard to reach. Then again, men of those times had no thought of the practical,
they lived and fought for abstract principles, creeds, traditions and ideals. Humanity did not change
much in Gilbert's time but his clear teachings had a telling effect on the minds of the learned. Friction
machines were produced in rapid succession and experiments and observations multiplied. Gradually
fear and superstition gave way to scientific in-sight and in 1745 the world was thrilled with the news that
Kleist and Leyden had succeeded in imprisoning the uncanny agent in a phial from which it escaped
with an angry snap and destructive force. This was the birth of the condenser, perhaps the most
marvelous electrical device ever invented.
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Two tremendous leaps were made in the succeeding forty years. One was when Franklin
demonstrated the identity between the gentle soul of amber and the awe-inspiring belt of Jupiter; the
other when Galvany and Volta brought out the contact and chemical battery, from which the magic fluid
could be drawn in unlimited quantities. The succeeding forty years bore still greater fruit. Oersted made
a significant advance in deflecting a magnetic needle by an electric current, Arago produced the
electro-magnet, Seebeck the thermo-pile and in 1831, as the crowning achievement of all, Faraday
announced that he had obtained electricity from a magnet, thus discovering the principle of that
wonderful engine - the dynamo, and inaugurating a new era both in scientific research and practical
application.

From that time on inventions of inestimable value have followed one another at a bewildering rate. The
telegraph, telephone, phonograph and incandescent lamp, the induction motor, oscillatory transformer,
Roentgen ray, Radium, wireless and numerous other revolutionary advances have been made and all
conditions of existence eighty-four years which have since elapsed, the subtle agents dwelling in the
living amber and loadstone have been transformed into cyclopean forces turning the wheels of human
progress with ever increasing speed. This, in brief, is the fairy tale of electricity from Thales to the
present day. The impossible has happened, the wildest dreams have been surpassed and the
astounded world is asking: What is coming next?

Electrical Possibilities In Coal and Iron

Many a would-be discoverer, failing in his efforts, has felt the regret to have been born at a time when
everything has been already accomplished and nothing is left to be done. This erroneous impression
that, as we are advancing, the possibilities of invention are being exhausted, is not uncommon. In
reality it is just the opposite. Spenser has conveyed the right idea when he likened civilization to the
sphere of light which a lamp throws out in darkness. The brighter the lamp and the larger the sphere
the greater is its dark boundary. It is paradoxical, yet true, to say, that the more we know the more
ignorant we become in the absolute sense, for it is only through enlightenment that we become
conscious of our limitations. Precisely one of the most gratifying results of intellectual evolution is the
continuous opening up of new and greater prospects. We are progressing at an amazing pace, but the
truth is that, even in fields most successfully exploited, the ground has only been broken. What has
been so far done by electricity is nothing compared with what the future has in store. Not only this, but
there are now innumerable things done in old-fashioned ways which are much inferior in economy,
convenience and many other respects to the new method. So great are the advantages of the latter
that whenever an opportunity presents itself the engineer advises his client to "do it electrically."

Consider, in illustration, one of the largest industries, that of coal. From this valuable mineral we chiefly
draw the sun's stored energy which is required to meet our industrial and commercial needs. According
to statistical records, the output in the United States during the past year was 480,000,000 tons. In
perfect engines this fuel would have been sufficient to develop 500,000,000 horse-power steadily for
one year, but the squandering is so reckless that we do not get more than 5 per cent of its heating
value on the average. There is an appalling waste in mining, handling, transportation, store and use of
coal, which could be very much reduced through the adoption of a comprehensive electrical plan in all
these operations. The market value of the yearly product would be easily doubled and an immense
sum added to the revenues of the country. What is more, inferior grades, billions of tons of which are
being thrown away, might be turned to profitable use.

Similar considerations apply to natural gas and mineral oil, the annual loss of which amounts to
hundreds of millions of dollars. In the very near future such waste will be looked upon as criminal and
the introduction of the new methods will be forced upon the owners of such properties. Here, then, is
an immense field for the use of electricity in many ways, vast industries which are bound to be
revolutionized through its extensive application.

To give another example, I may refer to the manufacture of iron and steel, which is carried on in this
country on a scale truly colossal. During the last year, notwithstanding unfavorable business conditions,
31,000,000 tons of steel have been produced. It would lead too far to dwell on the possibilities of
electrical improvements in the manufacturing processes themselves, and I will only indicate what is
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likely to be accomplished in using the waste gases from the coke ovens and blast furnaces to generate
electricity for industrial purposes.

Since in the production of pig-iron for every ton about one ton of coke is employed, the yearly
consumption of coke may be put at 31,000,000 tons. The combustion in the blast furnaces yields, per
minute, 7,000,000 cubic feet of gas of a heating value of 110 B. T. units per cubic foot. Of this total,
without making special provision, 4,000,000 cubic feet may be made available for power purposes. If all
the heat energy of this gas could be transformed into mechanical effort, it would develop 10,389,000
horse-power. This result is impossible, but it is perfectly practicable to obtain 2,500,000 horse-power
electrical energy at the terminals of the dynamos.

In the manufacture of coke approximately 9400 cubic feet of gas are evolved per ton of coal. This gas
is excellent for power purposes, having an average heating value of 600 B. T. units, but very little is
now used in engines, largely because of their great cost and other imperfections. A ton of coke requires
about 1.32 tons of American coal; hence the total coal consumption per annum on the above basis is
nearly 41,000,000 tons, which give, per minute, 733,000 cubic feet of gas. Assuming the yield of
surplus or rich gas to be 333,000 cubic feet, the balance of 400,000 cubic feet could be used in gas
engines. The heat contents would be, theoretically, sufficient to develop 5,660,000 horse-power, of
which 1,500,000 horse-power could be obtained in the form of electric energy.

I have devoted much thought to this industrial proposition, and find that with new, efficient, extremely
cheap and simple thermo-dynamic transformers not less than 4,000,000 horse-power could be
developed in electric generators by utilizing the heat of these gases, which, if not entirely wasted, are
only in part and inefficiently employed.

With systematic improvements and refinements much better results could be secured and an annual
revenue of $50,000,000 or more derived. The electrical energy could be advantageously used in the
fixation of atmospheric nitrogen and production of fertilizers, for which there is an unlimited demand
and the manufacture of which is restricted here on account of the high cost of power. I expect
confidently the practical realization of the project in the very near future, and look to exceptionally rapid
electrical development in this direction.

Hydro-electric Development

Water-power offers great opportunities for novel electrical applications, particularly in the department of
electro-chemistry. The harness of waterfalls is the most economical method known for drawing energy
from the sun. This is due to the fact that both water and electricity are incompressible. The net
efficiency of the hydro-electric process can be as high as 85 per cent. The initial outlay is generally
great, but the cost of maintenance is small and the convenience offered ideal. My alternating system is
invariably employed , and so far about 7,000,000 horse-power have been developed. As generally
used we do not get more than six-hundredths of a horse-power per ton of coal per year. This water
energy is therefore equivalent to that obtainable from an annual supply of 120,000,000 tons of coal,
which is about 25 per cent of the total output in the United States. The estimate is conservative, and in
view of the immense waste of coal 50 per cent may be a closer guess.

We get better appreciation of the tremendous value of this power in our economic development when
we remember that, unlike fuel, which demands a terrible sacrifice of human energy and is consumed, it
is supplied without effort and destruction of material and equals the mechanical performance of
150,000,000 men -- one and one-half times the entire population of this country. These figures are
imposing; nevertheless, we have only begun the exploitation of this vast national resource.

There are two chief limitations at present -- one in the availability of the energy, the other in its
transmission to distance. The theoretical power of the falling water is enormous. If we assume for the
rain clouds an average height of 15,000 feet and annual precipitation of 33 inches, the 24 horse-power
per square mile is over 4000, and for the whole area in the United States more than 12,000,000,000
horse-power. As a matter of fact, the larger portion of the potential energy is used up in air friction.
This, while disappointing to the economist, is a fortunate circumstance, for otherwise the drops would
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reach the ground with a speed of 800 feet per second -- sufficient to raise blisters on our bodies, while
hail would be positively deadly. Most of the water, which is available for power purposes comes from a
height of about 2000 feet and represents over one and one-half billion horse-power, but we are only
able to use an average fall of, say, 100 feet, which means that if all the water-power in this country
were harnessed under the existing conditions only 80,000,000 horse-power could be obtained.

The Next Great Achievement -- Electrical Control
Of Atmospheric Moisture

But the time is very near when we shall have the precipitation of the moisture of the atmosphere under
complete control, and then it will be possible to draw unlimited quantities of water from the oceans,
develop any desired amount of energy, and completely transform the globe by irrigation and intensive
farming. A Greater achievement of man through the medium of electricity can hardly be imagined.

The present limitations in the transmission of power to distance will be overcome in two ways -- through
the adoption of underground conductors insulated by power, and through the introduction of the
wireless art. The first plan I have advanced years ago. The underlying principle is to convey through a
tubular conductor hydrogen at a very low temperature, freeze the surrounding material and thus secure
a perfect insulation by indirect use of electric energy. In this manner the power derived from falls can
be transmitted to distances of hundreds of miles with the highest economy and at a small cost. This
innovation is sure to greatly extend the fields of electrical application. As to the wireless method, we
have now the means for economic transmission of energy in any desired amount and to distances only
limited by the dimensions of this planet. In view of assertions of some misinformed experts to the effect
that in the wireless system I have perfected the power of the transmitter is dissipated in all directions, I
wish to be emphatic in my statement that such is not the case. The energy goes only to the place
where it is needed and to no other.

When these advanced ideas are practically realized we shall get the full benefit of water-power, and it
will become our chief dependence in the supply of electricity for domestic, public and other uses in the
arts of peace and war.

Economy In Light and Power -- Electric Propulsion

In the great departments of electric light and power immense opportunities are offered through the
introduction of all kinds of novel devices which can be attached to the circuits at convenient hours for
the purpose of equalizing the loads and increasing the revenues from the plants. I have myself
knowledge of a number of new appliances of this kind. The most important among them is probably an
electrical ice machine which obviates entirely the use of dangerous and otherwise objectionable
chemicals. The new machine will also require absolutely no attention and will be extremely economical
in operation, so that the refrigeration will be effected very cheaply and conveniently in every household.

An interesting fountain, electrically operated, has been brought out which is likely to be extensively
introduced, and will afford an unusual and pleasing sight in squares, parks, hotels and residences.

Cooking devices for all domestic purposed are being provides, and there is great demand for practical
designs and suggestions in this field. The same may be stated of electric signs and other attractive
means of advertising which can be electrically operated. Some of the effects which it is possible to
produce by electric currents are wonderful and lend themselves to exhibitions, and there is no doubt
that much can be done in that direction. Theaters, public halls and private dwellings are in need of a
great many devices and instruments for convenience and offer ample opportunities to an ingenious and
practical inventor.

A vast and absolutely untouched field is the use of electricity for the propulsion of ships. The leading
electrical company in this country has just equipped a large vessel with high-speed turbines and
electric motors and has achieved a signal success. Applications of this kind will multiply at a rapid rate,
for the advantages of the electrical drive are now patent to everybody. In this connection gyroscopic
apparatus will probably play an important part, as its general adoption on vessels is sure to come. Very
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little has yet been done in the introduction of electrical drive in the various branches of industry and
manufacture, and the prospects are unlimited.

A Few of the Wonders to Come

Books have already been written on the agricultural uses of electricity, but the fact is that hardly
anything has been practically done. The beneficial effects of electricity of high tension have been
unmistakably established, and a revolution will be brought about through the extensive adoption of
agricultural electrical apparatus. The safeguarding of forests against fires, the destruction of microbes,
insects and rodents will, in due course, be accomplished by electrical means.

In the near future we shall see a great many new uses of electricity aiming at safety, particularly
vessels at sea. We shall have electrical instruments for preventing collisions, and we shall even be able
to disperse fogs by electric force and powerful and penetrative rays. I am hopeful that within the next
few years wireless plants will be installed for the purpose of illuminating the oceans. The project is
perfectly feasible, and if carried out will contribute more than any other provision to the safety of
property and human lives at sea. The same plant could also produce stationary electrical waves and
enable vessels to get at any time accurate bearings and other valuable practical data without resorting
to the present means. I t could also be used for time signaling and many other purposes of similar
nature.

Electrotherapy is another great field in which there are unlimited possibilities for electrical applications.
High-frequency currents especially have a great future. The time will come when this form of electrical
energy will be available in every private residence. I consider it quite possible that through their surface
actions we may do away with the customary bath, as the cleaning of the body can be instantaneously
effected simply by connecting it to a source of currents or electric energy of very high potential, which
results in the throwing off of dust or any small particles adhering to the skin. Such a dry bath, besides
being convenient and time-saving, would also be of beneficial therapeutic influence. New electric
devices for use of the deaf and blind are coming and will be a blessing to the afflicted.

In the prevention of crime electrical instruments will soon become an important factor. In court
proceedings electric evidence will often be decisive. In a time not distant it will be possible to flash any
image formed in thought on a screen and render it visible at any place desired. The perfection of this
means of reading thought will create a revolution for the better in all our social relations. Unfortunately,
it is true, that cunning lawbreakers will avail themselves of such advantages to further their nefarious
business.

Telegraphic Photography and Other Advances

Great improvements are still possible in telegraphy and telephony. The use of a new receiving device
which will be shortly described, and the sensitiveness of which can be increased almost without limit,
will enable telephoning through aerial lines or cables however long by reducing the necessary working
current to an infinitesimal value. This invention will dispense with the necessity of resorting to
expensive constructions, which, however, are of circumscribed usefulness. It will also enormously
extend the wireless transmission of intelligence in all its departments.

The next art to be inaugurated is that of picture transmission by ordinary telegraphic methods and
existing apparatus. This idea of telegraphing or telephoning pictures is old, but practical difficulties have
hampered commercial realizations. A number of improvements of great promise have been made, and
there is every reason to expect that success will soon be achieved.

Another valuable novelty will be a typewriter electrically operated by the human voice. This advance
will fill a long-felt want, as it will do away with the operator and save a great deal of labor and time in
offices.

A new and extremely simple electric tachometer is being prepared for the market, and it is expected
that it will prove useful in power plants and central stations, on boats, locomotives and automobiles.
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Many municipal improvements based on the use of electricity are about to be introduced. We have
soon to have everywhere smoke annihilators, dust absorbers, ozonizers, sterilizers of water, air, food
and clothing, and accident preventers on streets, elevated roads and in subways. It will become next to
impossible to contract disease germs or get hurt in the city, and country folk will got to town to rest and
get well.

Electric Inventions In War

The present international conflict is a powerful stimulus to invention of devices and implements of
warfare. An electric gun will soon be brought out. The wonder is that it was not produced long ago.
Dirigibles and aeroplanes will be equipped with small electric generators of high tension, from which
the deadly currents will be conveyed through the wires to the ground. Battleships and submarines will
be provided with electric and magnetic feelers so delicate that the approach of any body underwater or
in darkness will be detected. Torpedoes and floating mines are almost in sight which will direct
themselves automatically and without fail get in fatal contact with the object to be destroyed. The art of
telautomatics, or wireless control of automatic machines at a distance, will play a very important part in
future wars and, possibly, in the next phases of the present one. Such contrivances which act as if
endowed with intelligence will be used in innumerable ways for attack as well as defense. They may
take the shape of aeroplanes, balloons, automobiles, surface or under-water boats, or any other form
according to the requirement in each special case, and will be of greater range and destructiveness
than the implements now employed. I believe that the telautomatic aerial torpedo will make the large
siege gun, on which so much dependence is placed at present, obsolete.

A volume might be filled with such suggestions without exhausting the possibilities. The advance even
under the conditions existing is rapid enough, but when the wireless transmission of energy for general
use becomes a practical fact the human progress will assume the character of a hurricane. So
all-surpassing is the importance of this marvelous art to the future existence and welfare of the human
race that every enlightened person should have a clear idea of the chief factors bearing on its
development.

The Power Of The Future

We have at our disposal three main sources of life-sustaining energy -- fuel, water-power and the heat
of the sun's rays. Engineers often speak of harnessing the tides, but the discouraging truth is that the
tidewater over one acre of ground will, on the average, develop only one horse-power. Thousands of
mechanics and inventors have spent their best efforts in trying to perfect wave motors, not realizing
that the power so obtained could never compete with that derived from other sources. The force of
wind offers much better chances and is valuable in special instances, but is by far inadequate.
Moreover, the tides, waves and winds furnish only periodic and often uncertain power and necessitate
the employment of large and expensive storage plants. Of course, there are other possibilities, but they
are remote, and we must depend on the first of three resources. If we use fuel to get our power, we are
living on our capital and exhausting it rapidly. This method is barbarous and wantonly wasteful, and will
have to be stopped in the interest of coming generations. The heat of the sun's rays represents an
immense amount of energy vastly in excess of water-power. The earth receives an equivalent of 83
foot-pounds per second for each square foot on which the rays fall perpendicularly. From simple
geometrical rules applying to a spherical body it follows that the mean rate per square foot of the
earth's surface is one-quarter of that, or 20 3/4 foot-pounds. This is to say over one million horse-power
per square mile, or 250 times the water-power for the same area. But that is only true in theory; the
practical facts put this in a different aspect. For instance, considering the United States, and taking into
account the mean latitude, the daily variation, the diurnal changes, the seasonal variations and casual
changes, this power of the sun's rays reduces to about one-tenth, or 100,00 horse-power per square
mile, of which we might be able to recover in high-speed low-pressure turbines 10,000 horse-power. To
do this would mean the instalment of apparatus and storage plants so large and expensive that such a
project is beyond the pale of the practical. The inevitable conclusion is that water-power is by far our
most valuable resource. On this humanity must build its hopes for the future. With its full development
and a perfect system of wireless transmission of the energy to any distance man will be able to solve
all the problems of material existence. Distance, which is the chief impediment to human progress, will
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be completely annihilated in thought, word and action. Humanity will be united, wars will be made
impossible and peace will reign supreme.
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— The True Wireless —
Electrical Experimenter, May 1919

In this remarkable and complete story of his discovery of the "True Wireless" and the principles upon
which transmission and reception, even in the present day systems, are based, Dr. Nikola Tesla shows
us that he is indeed the "Father of the Wireless." To him the Hertz wave theory is a delusion; it looks
sound from certain angles, but the facts tend to prove that it is hollow and empty. He convinces us that
the real Hertz waves are blotted out after they have traveled but a short distance from the sender. It
follows, therefore, that the measured antenna current is no indication of the effect, because only a
small part of it is effective at a distance. The limited activity of pure Hertz wave transmission and
reception is here clearly explained, besides showing definitely that in spite of themselves, the radio
engineers of today are employing the original Tesla tuned oscillatory system. He shows by examples
with different forms of aerials that the signals picked up by the instruments must actually be induced by
earth currents -- not etheric space waves. Tesla also disproves the "Heaviside layer" theory from his
personal observations and tests. EDITOR.

Ever since the announcement of Maxwell's electro-magnetic theory scientific investigators all the world
over had been bent on its experimental verification. They were convinced that it would be done and
lived in an atmosphere of eager expectancy, unusually favorable to the reception of any evidence to
this end. No wonder then that the publication of Dr. Heinrich Hertz's results caused a thrill as had
scarcely ever been experienced before. At that time I was in the midst of pressing work in connection
with the commercial introduction of my system of power transmission, but, nevertheless, caught the fire
of enthusiasm and fairly burned with desire to behold the miracle with my own eyes. Accordingly, as
soon as I had freed myself of these imperative duties and resumed research work in my laboratory on
Grand Street, New York, I began, parallel with high frequency alternators, the construction of several
forms of apparatus with the object of exploring the field opened up by Dr. Hertz. Recognizing the
limitations of the devices he had employed, I concentrated my attention on the production of a powerful
induction coil but made no notable progress until a happy inspiration led me to the invention of the
oscillation transformer. In the latter part of 1891 I was already so far advanced in the development of
this new principle that I had at my disposal means vastly superior to those of the German physicist. All
my previous efforts with Rhumkorf coils had left me unconvinced, and in order to settle my doubts I
went over the whole ground once more, very carefully, with these improved appliances. Similar
phenomena were noted, greatly magnified in intensity, but they were susceptible of a different and
more plausible explanation. I considered this so important that in 1892 I went to Bonn, Germany, to
confer with Dr. Hertz in regard to my observations. He seemed disappointed to such a degree that I
regretted my trip and parted from him sorrowfully. During the succeeding years I made numerous
experiments with the same object, but the results were uniformly negative. In 1900, however, after I
had evolved a wireless transmitter which enabled me to obtain electro-magnetic activities of many
millions of horse-power, I made a last desperate attempt to prove that the disturbances emanating from
the oscillator were ether vibrations akin to those of light, but met again with utter failure. For more than
eighteen years I have been reading treatises, reports of scientific transactions, and articles on
Hertz-wave telegraphy, to keep myself informed, but they have always imprest me like works of fiction.

The history of science shows that theories are perishable. With every new truth that is revealed we get
a better understanding of Nature and our conceptions and views are modified. Dr. Hertz did not
discover a new principle. He merely gave material support to hypothesis which had been long ago
formulated. It was a perfectly well-established fact that a circuit, traversed by a periodic current, emitted
some kind of space waves, but we were in ignorance as to their character. He apparently gave an
experimental proof that they were transversal vibrations in the ether. Most people look upon this as his
great accomplishment. To my mind it seems that his immortal merit was not so much in this as in the
focusing of the investigators' attention on the processes taking place in the ambient medium. The
Hertz-wave theory, by its fascinating hold on the imagination, has stifled creative effort in the wireless
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art and retarded it for twenty-five years. But, on the other hand, it is impossible to over-estimate the
beneficial effects of the powerful stimulus it has given in many directions.

As regards signaling without wires, the application of these radiations for the purpose was quite
obvious. When Dr. Hertz was asked whether such a system would be of practical value, he did not
think so, and he was correct in his forecast. The best that might have been expected was a method of
communication similar to the heliographic and subject to the same or even greater limitations.

In the spring of 1891 I gave my demonstrations with a high frequency machine before the American
Institute of Electrical Engineers at Columbia College, which laid the foundation to a new and far more
promising departure. Altho the laws of electrical resonance were well known at that time and my
lamented friend, Dr. John Hopkinson, had even indicated their specific application to an alternator in
the Proceedings of the Institute of Electrical Engineers, London, Nov.13, 1889, nothing had been done
towards the practical use of this knowledge and it is probable that those experiments of mine were the
first public exhibition with resonant circuits, more particularly of high frequency. While the spontaneous
success of my lecture was due to spectacular features, its chief import was in showing that all kinds of
devices could be operated thru a single wire without return. This was the initial step in the evolution of
my wireless system. The idea presented itself to me that it might be possible, under observance of
proper conditions of resonance, to transmit electric energy thru the earth, thus dispensing with all
artificial conductors. Anyone who might wish to examine impartially the merit of that early suggestion
must not view it in the light of present day science. I only need to say that as late as 1893, when I had
prepared an elaborate chapter on my wireless system, dwelling on its various instrumentalities and
future prospects, Mr. Joseph Wetzler and other friends of mine emphatically protested against its
publication on the ground that such idle and far-fetched speculations would injure me in the opinion of
conservative business men. So it came that only a small part of what I had intended to say was
embodied in my address of that year before the Franklin Institute and National Electric Light
Association under the chapter "On Electrical Resonance." This little salvage from the wreck has earned
me the title of "Father of the Wireless" from many well-disposed fellow workers, rather than the
invention of scores of appliances which have brought wireless transmission within the reach of every
young amateur and which, in a time not distant, will lead to undertakings overshadowing in magnitude
and importance all past achievements of the engineer.

The popular impression is that my wireless work was begun in 1893, but as a matter of fact I spent the
two preceding years in investigations, employing forms of apparatus, some of which were almost like
those of today. It was clear to me from the very start that the successful consummation could only be
brought about by a number of radical improvements. Suitable high frequency generators and electrical
oscillators had first to be produced. The energy of these had to be transformed in effective transmitters
and collected at a distance in proper receivers. Such a system would be manifestly circumscribed in its
usefulness if all extraneous interference were not prevented and exclusiveness secured. In time,
however, I recognized that devices of this kind, to be most effective and efficient, should be designed
with due regard to the physical properties of this planet and the electrical conditions obtaining on the
same. I will briefly touch upon the salient advances as they were made in the gradual development of
the system.

The high frequency alternator employed in my first demonstrations is illustrated in Fig. 1. It comprised a
field ring, with 384 pole projections and a disc armature with coils wound in one single layer which were
connected in various ways according to requirements. It was an excellent machine for experimental
purposes, furnishing sinusoidal currents of from 10,000 to 20,000 cycles per second. The output was
comparatively large, due to the fact that as much as 30 amperes per square millimeter could be past
thru the coils without injury.

The diagram in Fig. 2 shows the circuit arrangements as used in my lecture. Resonant conditions were
maintained by means of a condenser subdivided into small sections, the finer adjustments being
effected by a movable iron core within an inductance coil. Loosely linked with the latter was a high
tension secondary which was tuned to the primary.

The operation of devices thru a single wire without return was puzzling at first because of its novelty,
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but can be readily explained by suitable analogs. For this purpose reference is made to Figs. 3 and 4.

In the former the low resistance electrical conductors are represented by pipes of large cross section,
the alternator by an oscillating piston and the filament of an incandescent lamp by a minute channel
connecting the pipes. It will be clear from a glance at the diagram that very slight excursions of the
piston would cause the fluid to rush with high velocity thru the small channel and that virtually all the
energy of movement would be transformed into heat by friction, similarly to that of the electric current in
the lamp filament.

The second diagram will now be self-explanatory. Corresponding to the terminal capacity of the electric
system an elastic reservoir is employed which dispenses with the necessity of a return pipe. As the
piston oscillates the bag expands and contracts, and the fluid is made to surge thru the restricted
passage with great speed, this resulting in the generation of heat as in the incandescent lamp.
Theoretically considered, the efficiency of conversion of energy should be the same in both cases.

Granted, then, that an economic system of power transmission thru a single wire is practicable, the
question arises how to collect the energy in the receivers. With this object attention is called to Fig. 5, in
which a conductor is shown excited by an oscillator joined to it at one end. Evidently, as the periodic
impulses pass thru the wire, differences of potential will be created along the same as well as at right
angles to it in the surrounding medium and either of these may be usefully applied. Thus at a, a circuit
comprising an inductance and capacity is resonantly excited in the transverse, and at b, in the
longitudinal sense. At c, energy is collected in a circuit parallel to the conductor but not in contact with
it, and again at d, in a circuit which is partly sunk into the conductor and may be, or not, electrically
connected to the same. It is important to keep these typical dispositions in mind, for however the
distant actions of the oscillator might be modified thru the immense extent of the globe the principles
involved are the same.

Consider now the effect of such a conductor of vast dimensions on a circuit exciting it. The upper
diagram of Fig. 6 illustrates a familiar oscillating system comprising a straight rod of self-inductance 2L
with small terminal capacities cc and a node in the center. In the lower diagram of the figure a large
capacity C is attached to the rod at one end with the result of shifting the node to the right, thru a
distance corresponding to self-inductance X. As both parts of the system on either side of the node
vibrate at the same rate, we have evidently, (L+X)c = (L-X)C from which X = L(C-c/C+c). When the
capacity C becomes commensurate to that of the earth, X approximates L, in other words, the node is
close to the ground connection. The exact determination of its position is very important in the
calculation of certain terrestrial electrical and geodetic data and I have devised special means with this
purpose in view.

My original plan of transmitting energy without wires is shown in the upper diagram of Fig. 7, while the
lower one illustrates its mechanical analog, first published in my article in the Century Magazine of
june, 1900. An alternator, preferably of high tension, has one of its terminals connected to the ground
and the other to an elevated capacity and impresses its oscillations upon the earth. At a distant point a
receiving circuit, likewise connected to ground and the other to an elevated capacity and impresses its
oscillations upon the earth. At a distant point a receiving circuit, likewise connected to ground and to an
elevated capacity, collects some of the energy and actuates a suitable device. I suggested a
multiplication of such units in order to intensify the effects, an idea which may yet prove valuable. In the
analog two tuning forks are provided, one at the sending and the other at the receiving station, each
having attached to its lower prong a piston fitting in a cylinder. The two cylinders communicate with a
large elastic reservoir filled with an incompressible fluid. The vibrations transmitted to either of the
tuning forks excite them by resonance and, thru electrical contacts or otherwise, bring about the
desired result. This, I may say, was not a mere mechanical illustration, but a simple representation of
my apparatus for submarine signaling, perfected by me in 1892, but not appreciated at that time, altho
more efficient than the instruments now in use.

The electric diagram in Fig. 7, which was reproduced from my lecture, was meant only for the
exposition of the principle. The arrangement, as I described it in detail, is shown in Fig. 8. In this case
an alternator energizes the primary of a transformer, the high tension secondary of which is connected
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to the ground and an elevated capacity and tuned to the imprest oscillations. The receiving circuit
consists of an inductance connected to the ground and to an elevated terminal without break and is
resonantly responsive to the transmitted oscillations. A specific form of receiving device was not
mentioned, but i had in mind to transform the received currents and thus make their volume and
tension suitable for any purpose. This, in substance, is the system of today and I am not aware of a
singe authenticated instance of successful transmission at considerable distance by different
instrumentalities. It might, perhaps, not be clear to those who have perused my first description of
these improvements that, besides making known new and efficient types of apparatus, I gave to the
world a wireless system of potentialities far beyond anything before conceived. I made explicit and
repeated statements that I contemplated transmission, absolutely unlimited as to terrestrial distance
and amount of energy. But, altho I have overcome all obstacles which seemed in the beginning
unsurmountable and found elegant solutions of all the problems which confronted me, yet, even at this
very day, the majority of experts are still blind to the possibilities which are within easy attainment.

My confidence that a signal could be easily flashed around the globe was strengthened thru the
discovery of the "rotating brush," a wonderful phenomenon which I have fully described in my address
before the Institution of Electrical Engineers, London, in 1892, and which is illustrated in Fig. 9. This is
undoubtedly the most delicate wireless detector known, but for a long time it was hard to produce and
to maintain in the sensitive state. These difficulties do not exist now and I am looking to valuable
applications of this device, particularly in connection with the high-speed photographic method, which I
suggested, in wireless, as well as in wire, transmission.

Possibly the most important advances during the following three or four years were my system of
concatenated tuned circuits and methods of regulation, now universally adopted. The intimate bearing
of these inventions on the development of the wireless art will appear from Fig. 10, which illustrates an
arrangement described in my U.S. Patent No. 568178 of September 22, 1896, and corresponding
dispositions of wireless apparatus. The captions of the individual diagrams are thought sufficiently
explicit to dispense with further comment. I will merely remark that in this early record, in addition to
indicating how any number of resonant circuits may be linked and regulated, I have shown the
advantage of the proper timing of primary impulses and use of harmonics. In a farcical wireless suit in
London, some engineers, reckless of their reputation, have claimed that my circuits were not at all
attuned; in fact they asserted that I had looked upon resonance as a sort of wild and untamable beast!

It will be of interest to compare my system as first described in a Belgian patent of 1897 with the
Hertz-wave system of that period. The significant differences between them will be observed at a
glance. The first enables us to transmit economically energy to any distance and is of inestimable
value; the latter is capable of a radius of only a few miles and is worthless. In the first there are no
spark-gaps and the actions are enormously magnified by resonance. In both transmitter and receiver
the currents are transformed and rendered more effective and suitable for the operation of any desired
device. Properly constructed, my system is safe against static and other interference and the amount of
energy which may be transmitted is billions of times greater than with the Hertzian which has none of
these virtues, has never been used successfully and of which no trace can be found at present.

A well-advertised expert gave out a statement in 1899 that my apparatus did not work and that it would
take 200 years before a message would be flashed across the Atlantic and even accepted stolidly my
congratulations on a supposed great feat. But subsequent examination of the records showed that my
devices were secretly used all the time and ever since I learned of this I have treated these
Borgia-Medici methods with the contempt in which they are held by all fair-minded men. The wholesale
appropriation of my inventions was, however, not always without a diverting side. As an example to the
point I may mention my oscillation transformer operating with an air gap. This was in turn replaced by a
carbon arc, quenched gap, an atmosphere of hydrogen, argon or helium, by a mechanical break with
oppositely rotating members, a mercury interrupter or some kind of a vacuum bulb and by such tours
de force as many new "systems" have been produced. I refer to this of course, without the slightest
ill-feeling, let us advance by all means. But I cannot help thinking how much better it would have been if
the ingenious men, who have originated these "systems," had invented something of their own instead
of depending on me altogether.
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Before 1900 two most valuable improvements were made. One of these was my individualized system
with transmitters emitting a wave-complex and receivers comprising separate tuned elements
cooperatively associated. The underlying principle can be explained in a few words. Suppose that there
are n simple vibrations suitable for use in wireless transmission, the probability that any one tune will
be struck by an extraneous disturbance is 1/n. There will then remain n-1 vibrations and the chance
that one of these will be excited is 1/n-1 hence the probability that two tunes would be struck at the
same time is 1/n(n-1). Similarly, for a combination of three the chance will be 1/n(n-1)(n-2) and so on. It
will be readily seen that in this manner any desired degree of safety against the statics or other kind of
disturbance can be attained provided the receiving apparatus is so designed that is operation is
possible only thru the joint action of all the tuned elements. This was a difficult problem which I have
successfully solved so that now any desired number of simultaneous messages is practicable in the
transmission thru the earth as well as thru artificial conductors.

The other invention, of still greater importance, is a peculiar oscillator enabling the transmission of
energy without wires in any quantity that may ever be required for industrial use, to any distance, and
with very high economy. It was the outcome of years of systematic study and investigation and
wonders will be achieved by its means.

The prevailing misconception of the mechanism involved in the wireless transmission has been
responsible for various unwarranted announcements which have misled the public and worked harm.
By keeping steadily in mind that the transmission thru the earth is in every respect identical to that thru
a straight wire, one will gain a clear understanding of the phenomena and will be able to judge correctly
the merits of a new scheme. Without wishing to detract from the value of any plan that has been put
forward I may say that they are devoid of novelty. So for instance in Fig. 12 arrangements of
transmitting and receiving circuits are illustrated, which I have described in my U.S. Patent No. 613809
of November 8, 1898 on a Method of and Apparatus for Controlling Mechanism of Moving Vessels or
Vehicles, and which have been recently dished up as original discoveries. In other patents and
technical publications I have suggested conductors in the ground as one of the obvious modifications
indicated in Fig. 5.

For the same reason the statics are still the bane of the wireless. There is about as much virtue in the
remedies recently proposed as in hair restorers. A small and compact apparatus has been produced
which does away entirely with this trouble, at least in plants suitable remodelled.

Nothing is more important in the present phase of development of the wireless art than to dispose of
the dominating erroneous ideas. With this object I shall advance a few arguments based on my own
observations which prove that Hertz waves have little to do with the results obtained even at small
distances.

In Fig. 13 a transmitter is shown radiating space waves of considerable frequency. It is generally
believed that these waves pass along the earth's surface and thus affect the receivers. I can hardly
think of anything more improbable than this "gliding wave" theory and the conception of the "guided
wireless" which are contrary to all laws of action and reaction. Why should these disturbances cling to a
conductor where they are counteracted by induced currents, when they can propagate in all other
directions unimpeded? The fact is that the radiations of the transmitter passing along the earth's
surface are soon extinguished, the height, of, the inactive zone indicated in the diagram, being some
function of the wave length, the bulk of the waves traversing freely the atmosphere. Terrestrial
phenomena which I have noted conclusively show that there is no Heaviside layer, or if it exists, it is of
no effect. It certainly would be unfortunate if the human race were thus imprisoned and forever without
power to reach out into the depths of space.

The actions at a distance cannot be proportionate to the height of the antenna and the current in the
same. I shall endeavor to make this clear by reference to diagram in Fig. 14. The elevated terminal
charged to a high potential induces an equal and opposite charge in the earth and there are thus Q
lines giving an average current I=4Qn which circulates locally and is useless except that it adds to the
momentum. A relatively small number of lines q however, go off to great distance and to these
corresponds a mean current of ie=4qn to which is due the action at a distance. The total average
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current in the antenna is thus Im = 4Qn + 4qn and its intensity is no criterion for the performance. The
electric efficiency of the antenna is q/Q+q and this is often a very small fraction.

Dr. L. W. Austin and Mr. J. L. Hogan have made quantitative measurements which are valuable, but far
from supporting the Hertz wave theory they are evidences in disproval of the same, as will be easily
perceived by taking the above facts into consideration. Dr. Austin's researches are especially useful
and instructive and I regret that I cannot agree with him on this subject. I do not think that if his receiver
was affected by Hertz waves he could ever establish such relations as he has found, but he would be
likely to reach these results if the Hertz waves were in a large part eliminated. At great distance the
space waves and the current waves are of equal energy, the former being merely an accompanying
manifestation of the latter in accordance with the fundamental teachings of Maxwell.

It occurs to me here to ask the question - why have the Hertz waves, been reduced from the original
frequencies to those I have advocated for my system, when in so doing the activity of the transmitting
apparatus has been reduced a billion fold? I can invite any expert to perform an experiment such as is
illustrated in Fig. 15, which shows the classical Hertz oscillator altho we may have in the Hertz
oscillator an activity thousands of times greater, the effect on the receiver is not to be compared to that
of the grounded circuit. This shows that in the transmission from an airplane we are merely working
thru a condenser, the capacity of which is a function of a logarithmic ratio between the length of the
conductor and the distance from the ground. The receiver is affected in exactly the same manner as
from an ordinary transmitter, the only difference being that there is a certain modification of the action
which can be predetermined from the electrical constants. It is not at all difficult to maintain
communication between an airplane and a station on the ground, on the contrary, the feat is very easy.

To mention another experiment in support of my view, I may refer to Fig. 16 in which two grounded
circuits are shown excited by oscillations of the Hertzian order. It will be found that the antennas can be
put out of parallelism without noticeable change in the action on the receiver, this proving that it is due
to currents propagated thru the ground and not to space waves.

Particularly significant are the results obtained in cases illustrated in Figures 17 and 18. In the former
an obstacle is shown in the path of the waves but unless the receiver is within the effective electrostatic
influence of the mountain range, the signals are not appreciably weakened by the presence of the
latter, because the currents pass under it and excite the circuit in the same way as if it were attached to
an energized wire. If, as in Fig. 18, a second range happens to be beyond the receiver, it could only
strengthen the Hertz wave effect by reflection, but as a matter of fact it detracts greatly from the
intensity of the received impulses because the electric niveau between the mountains is raised, as I
have explained with my lightning protector in the experimenter of February.

Again in Fig. 19 two transmitting circuits, one grounded directly and the other thru an air gaas shown. It
is a common observation that the former is far more effective, which could not be the case with Hertz
radiations. In a like manner if two grounded circuits are observed from day to daythe effect is found to
increase greatly with the dampness of the ground, and for the same reason also the transmission thru
sea-water is more efficient.

An illuminating experiment is indicated in Fig. 20 in which two grounded transmitters are shown, one
with a large and the other with a small terminal capacity. Suppose that the latter be 1/10 of the former
but that it is charged to 10 times the potential and let the frequency of the two circuits and therefore the
currents in both antennas be exactly the same. The circuit with the smaller capacity will then have 10
times the energy of the other but the effects on the receiver will be in no wise proportionate.

The same conclusions will be reached by transmitting and receiving circuits with wires buried
underground. In each case the actions carefully investigated will be found to be due to earth currents.
Numerous other proofs might be cited which can be easily verified. So for example oscillations of low
frequency are ever so much more effective in the transmission which is inconsistent with the prevailing
idea. My observations in 1900 and the recent transmissions of signals to very great distances are
another emphatic disproval.
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The Hertz wave theory of wireless transmission may be kept up for a while, but I do not hesitate to say
that in a short time it will be recognized as one of the most remarkable and inexplicable aberrations of
the scientific mind which has ever been recorded in history.
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— A Machine to End War —

A Famous Inventor, Picturing Life 100 Years from Now, Reveals an Astounding Scientific
Venture Which He Believes Will Change the Course of History 

Liberty, February 1937 

by Nikola Tesla
as told to George Sylvester Viereck 

Tesla. "It seems," he says, "that I have always been ahead of my time."

Editor's Note: Nikola Tesla, now in his seventy-eighth year, has been called the father of radio,
television, power transmission, the induction motor, and the robot, and the discoverer of the cosmic
ray. Recently he has announced a heretofore unknown source of energy present everywhere in
unlimited amounts, and he is now working upon a device which he believes will make war
impracticable.

Tesla and Edison have often been represented as rivals. They were rivals, to a certain extent, in the
battle between the alternating and direct current in which Tesla championed the former. He won; the
great power plants at Niagara Falls and elsewhere are founded on the Tesla system. Otherwise the two
men were merely opposites. Edison had a genius for practical inventions immediately applicable.
Tesla, whose inventions were far ahead of the time, aroused antagonisms which delayed the fruition of
his ideas for years.

However, great physicists like Kelvin and Crookes spoke of his inventions as marvelous. "Tesla," said
Professor A. E. Kennelly of Harvard University when the Edison medal was presented to the inventor,
"set wheels going round all over the world. . . . What he showed was a revelation to science and art
unto ail time."

"Were we," remarks B. A. Behrend, distinguished author and engineer," to seize and to eliminate the
results of Mr. Tesla's work, the wheels of industry would cease to turn, our electric cars and trains
would stop, our towns would be dark, our mills would be dead and idle."

Forecasting is perilous. No man can look very far into the future. Progress and invention evolve in
directions other than those anticipated. Such has been my experience, although I may flatter myself
that many of the developments which I forecast have been verified by events in the first third of the
twentieth century.

It seems that I have always been ahead of my time. I had to wait nineteen years before Niagara was
harnessed by my system, fifteen years before the basic inventions for wireless which I gave to the
world in 1893 were applied universally. I announced the cosmic ray and my theory of radio activity in
1896. One of my most important discoveries--terrestrial resonance--which is the foundation of wireless
power transmission and which I announced in 1899, is not understood even today. Nearly two years
after I had flashed an electric current around the globe, Edison, Steinmetz, Marconi, and others
declared that it would not be possible to transmit even signals by wireless across the Atlantic. Having
anticipated so many important developments, it is not without assurance that I attempt to predict what
life is likely to be in the twenty-first century.

Life is and will ever remain an equation incapable of solution, but it contains certain known factors. We
may definitely say that it is a movement even if we do not fully understand its nature. Movement implies
a body which is being moved and a force which propels it against resistance. Man, in the large, is a
mass urged on by a force. Hence the general laws governing movement in the realm of mechanics are
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applicable to humanity.

There are three ways by which the energy which determines human progress can be increased: First,
we may increase the mass. This, in the case of humanity, would mean the improvement of living
conditions, health, eugenics, etc. Second, we may reduce the frictional forces which impede progress,
such as ignorance, insanity, and religious fanaticism. Third, we may multiply the energy of the human
mass by enchaining the forces of the universe, like those of the sun, the ocean, the winds and tides.

The first method increases food and well-being. The second tends to bring peace. The third enhances
our ability to work and to achieve. There can be no progress that is not constantly directed toward
increasing well-being, peace, and achievement. Here the mechanistic conception of life is one with the
teachings of Buddha and the Sermon on the Mount.

While I am not a believer in the orthodox sense, I commend religion, first, because every individual
should have some ideal--religious, artistic, scientific, or humanitarian--to give significance to his life.
Second, because all the great religions contain wise prescriptions relating to the conduct of life, which
hold good now as they did when they were promulgated.

There is no conflict between the ideal of religion and the ideal of science, but science is opposed to
theological dogmas because science is founded on fact. To me, the universe is simply a great machine
which never came into being and never will end. The human being is no exception to the natural order.
Man, like the universe, is a machine. Nothing enters our minds or determines our actions which is not
directly or indirectly a response to stimuli beating upon our sense organs from without. Owing to the
similarity of our construction and the sameness of our environment, we respond in like manner to
similar stimuli, and from the concordance of our reactions, understanding is barn. In the course of ages,
mechanisms of infinite complexity are developed, but what we call "soul " or "spirit," is nothing more
than the sum of the functionings of the body. When this functioning ceases, the "soul" or the "spirit"
ceases likewise.

I expressed these ideas long before the behaviorists, led by Pavlov in Russia and by Watson in the
United States, proclaimed their new psychology. This apparently mechanistic conception is not
antagonistic to an ethical conception of life. The acceptance by mankind at large of these tenets will not
destroy religious ideals. Today Buddhism and Christianity are the greatest religions both in number of
disciples and in importance. I believe that the essence of both will he the religion of the human race in
the twenty-first century.

The year 2100 will see eugenics universally established. In past ages, the law governing the survival of
the fittest roughly weeded out the less desirable strains. Then man's new sense of pity began to
interfere with the ruthless workings of nature. As a result, we continue to keep alive and to breed the
unfit. The only method compatible with our notions of civilization and the race is to prevent the breeding
of the unfit by sterilization and the deliberate guidance of the mating instinct, Several European
countries and a number of states of the American Union sterilize the criminal and the insane. This is
not sufficient. The trend of opinion among eugenists is that we must make marriage more difficult.
Certainly no one who is not a desirable parent should be permitted to produce progeny. A century from
now it will no more occur to a normal person to mate with a person eugenically unfit than to marry a
habitual criminal.

Hygiene, physical culture will be recognized branches of education and government. The Secretary of
Hygiene or Physical Culture will he far more important in the cabinet of the President of the United
States who holds office in the year 2035 than the Secretary of War. The pollution of our beaches such
as exists today around New York City will seem as unthinkable to our children and grandchildren as life
without plumbing seems to us. Our water supply will he far more carefully supervised, and only a
lunatic will drink unsterilized water.

More people die or grow sick from polluted water than from coffee, tea, tobacco, and other stimulants. I
myself eschew all stimulants. I also practically abstain from meat. I am convinced that within a century
coffee, tea, and tobacco will be no longer in vogue. Alcohol, however, will still be used. It is not a
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stimulant but a veritable elixir of life. The abolition of stimulants will not come about forcibly. It will
simply be no longer fashionable to poison the system with harmful ingredients. Bernarr Macfadden has
shown how it is possible to provide palatable food based upon natural products such as milk, honey,
and wheat. I believe that the food which is served today in his penny restaurants will be the basis of
epicurean meals in the smartest banquet halls of the twenty-first century.

There will be enough wheat and wheat products to feed the entire world, including the teeming millions
of China and India, now chronically on the verge of starvation. The earth is bountiful, and where her
bounty fails, nitrogen drawn from the air will refertilize her womb. I developed a process for this
purpose in 1900. It was perfected fourteen years later under the stress of war by German chemists.

Long before the next century dawns, systematic reforestation and the scientific management of natural
resources will have made an end of all devastating droughts, forest fires, and floods. The universal
utilization of water power and its long-distance transmission will supply every household with cheap
power and will dispense with the necessity of burning fuel. The struggle for existence being lessened,
there should be development along ideal rather than material lines.

Today the most civilized countries of the world spend a maximum of their income on war and a
minimum on education. The twenty-first century will reverse this order. It will be more glorious to fight
against ignorance than to die on the field of battle. The discovery of a new scientific truth will be more
important than the squabbles of diplomats. Even the newspapers of our own day are beginning to treat
scientific discoveries and the creation of fresh philosophical concepts as news. The newspapers of the
twenty-first century will give a mere "stick" in the back pages to accounts of crime or political
controversies, but will headline on the front pages the proclamation of a new scientific hypothesis.

"It will be possible to destroy anything approaching within 200 miles. My invention will provide a wall of
power," declares Tesla.

Progress along such lines will be impossible while nations persist in the savage practice of killing each
other off. I inherited from my father, an erudite man who labored hard for peace, an ineradicable hatred
of war. Like other inventors, I believed at one time that war could he stopped by making it more
destructive. But I found that I was mistaken. I underestimated man's combative instinct, which it will
take more than a century to breed out. We cannot abolish war by outlawing it. We cannot end it by
disarming the strong. War can be stopped, not by making the strong weak but by making every nation,
weak or strong, able to defend itself.

Hitherto all devices that could be used for defense could also be utilized to serve for aggression. This
nullified the value of the improvement for purposes of peace. But I was fortunate enough to evolve a
new idea and to perfect means which can be used chiefly for defense. If it is adopted, it will
revolutionize the relations between nations. It will make any country, large or small, impregnable
against armies, airplanes, and other means for attack. My invention requires a large plant, but once it is
established it will he possible tb destroy anything, men or machines, approaching within a radius of 200
miles. It will, so to speak, provide a wall of power offering an insuperable obstacle against any effective
aggression.

If no country can be attacked successfully, there can be no purpose in war. My discovery ends the
menace of airplanes or submarines, but it insures the supremacy of the battleship, because battleships
may be provided with some of the required equipment. There might still be war at sea, but no warship
could successfully attack the shore line, as the coast equipment will be superior to the armament of any
battleship.

I want to state explicitly that this invention of mine does not contemplate the use of any so-called "
death rays." Rays are not applicable because they cannot be produced in requisite quantities and
diminish rapidly in intensity with distance. All the energy of New York City (approximately two million
horsepower) transformed into rays and projected twenty miles, could not kill a human being, because,
according to a well known law of physics, it would disperse to such an extent as to be ineffectual.
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My apparatus projects particles which may.be relatively large or of microscopic dimensions, enabling
us to convey to a small area at a great distance trillions of times more energy than is possible with rays
of any kind. Many thousands of horsepower can thus be transmitted by a stream thinner than a hair, so
that nothing can resist. This wonderful feature will make it possible, among other things, to achieve
undreamed-of results in television, for there will be almost no limit to the intensity of illumination, the
size of the picture, or distance of projection.

I do not say that there may not be several destructive wars before the world accepts my gift. I may not
live to see its acceptance. But I am convinced that a century from now every nation will render itself
immune from attack by my device or by a device based upon a similar principle.

At present we suffer from the derangement of our civilization because we have not yet completely
adjusted ourselves to the machine age. The solution of our problems does not lie in destroying but in
mastering the machine.

Innumerable activities still performed by human hands today will be performed by automatons. At this
very moment scientists working in the laboratories of American universities are attempting to create
what has been described as a "thinking machine." I anticipated this development.

I actually constructed "robots." Today the robot is an accepted fact, but the principle has not been
pushed far enough. In the twenty-first century the robot will take the place which slave labor occupied
in ancient civilization. There is no reason at all why most of this should not come to pass in less than a
century, treeing mankind to pursue its higher aspirations.

And unless mankind's attention is too violently diverted by external wars and internal revolutions, there
is no reason why the electric millennium should not begin in a few decades.
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— Nikola Tesla On His Work With Alternating Currents —
and Their Application to Wireless Telegraphy, 

Telephony, and Transmission of Power
EXCERPTS:

IV. Apparatus for Transformation by Condenser Discharges; Damped Waves 

Tesla

This work [Fig. 31] was begun already in 1889. This type of apparatus is identified
with my name as certain as the law of gravitation is with that of Newton. I know that
some have claimed that Professor Thomson also invented the so-called Tesla coil,
but those feeble chirps ne'er went beyond Swampscott. Professor Thomson is an
odd sort of man; very ingenious, but he never was a wireless expert; he never could
be. Moreover, it is important to realize that this principle is universally employed
everywhere. The greatest men of science have told me that this was my best
achievement and, in connection with this apparatus [referring to schematics of Fig.
31], I may say that a lot of liberties have been taken. For instance, a man fills this
space [break D] with hydrogen; he employs all my instrumentalities, everything that
is necessary, but calls it a new wireless system -- the Poulsen arc. I cannot stop it.
Another man puts in here [referring to space between self-inductive lines L L] a kind
of gap -- he gets a Nobel prize for doing it. My name is not mentioned. Still another
man inserts here [conductor B] a mercury[-arc] rectifier. That is my friend Cooper
Hewitt. But, as a matter of fact, those devices have nothing to do with the
performance.
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Figure 31. Method of Transformation of electrical energy by oscillatory condenser discharges described
in U.S. Patent No. 462,418 of November 3, 1891.  Application filed February 4, 1891.  Announcement of
this invention was made in Tesla's lecture before the American Institute of Electrical Engineers at
Columbia College, May 20, 1891, where it was predicted that this apparatus afforded vast possibilities
and would play an important part in the future.  Illustrated and described in T.C Martin book, Figs. 126
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and 127, pp. 191-194. 

If these men knew what I do, they would not touch my arrangements; they would
leave my apparatus as it is. Marconi puts in here [break D] two wheels. I showed
only one wheel; he shows two. And he says, "See what happens when the wheels
are rotated; a wonderful thing happens!" What is the wonderful thing? Why, when
the teeth of the wheels pass one another, the currents are broken and interrupted.
That is the wonderful thing that happens? The Lord himself could not make anything
else happen unless he broke his own laws. So, in this way, invention has been
degraded, debased, prostituted, more in connection with my apparatus than in
anything else. Not a vestige of invention as a creative effort is in the thousands of
arrangements that you see under the name of other people -- not a vestige of
invention. It is exactly like in car couplings on which 6,000 patents have been taken
out; but all the couplings are constructed and operated exactly the same way. The
inventive effort involved is about the same as that of which a 30-year-old mule is
capable. This is a fact. 

This is one of most beautiful things ever produced in the way of apparatus: I take a
generator of any kind. With the generator I charge a condenser. Then I discharge
the condenser under conditions which result in the production of vibrations. Now, it
was known since Lord Kelvin that the condenser discharge would give this vibration,
but I perfected my apparatus to such a degree that it became an instrument
utilizable in the arts, in a much broader way than Lord Kelvin had contemplated as
possible. In fact, years afterwards when Lord Kelvin honored me by presenting to
the British Association one of my oscillators of a perfected form, he said that it was
"a wonderful development and destined to be of great importance." 

[Returning to a discussion of Fig. 31], [E] is supposed to be a condenser. That [A] is
the generator. Now then, supposing that this is a generator of steady pressure. I can
obtain oscillations of any frequency I desire. I can make them damped or undamped.
I can make them of one direction or alternating in direction as I choose. At G are
devices which operate -- lamps, or anything else. Some experimenters who have
gone after me have found a difficulty. They said, 

"No, we cannot produce a constant train of oscillations." 

Well, it is not my fault. I never have had the slightest difficulty. I produced constant
oscillations and I have described how I produced them. Anyone who has no more
than my own skill can do it.
 

Storia del'elettricità-Nikola Tesla On His Work With Alternating Currents —



Figure 32.
Quenched spark gap. (Tesla at that time pointed out the future of quenching and showed that
oscillations can be maintained without a spark being visible to the naked eye between the knobs.)
Illustrated in T.C. Martin book, Figs. 135 and 136, p. 211.
 

This [Fig. 32] is another improvement in that particular device, which was the
weakness of the invention and which I tried to eliminate. This device incorporated
many spark gaps in series. It had a peculiar feature; namely, through the great
number of gaps, I was able, as I have pointed out in my writings, to produce
oscillations without even a spark being visible between the knobs. This device is
now known in the art as the "quenched spark gap." Professor Wein has formulated a
beautiful theory about it, which I understand has netted him the Nobel prize. Wein's
theories are admirable. The only trouble is that he has overlooked one very
important fact. It is this: If the apparatus is properly designed and operated, there is
no use for the quenched gap, for the oscillations are continuous anyway. The radio
men who came after me had the problem before them of making a bell sound, and
they immersed it in mercury. Now, you know mercury is heavy. When they struck
their bell, the mercury did not permit it to vibrate long because it took away all the
energy. I put my bell in a vacuum and make it vibrate for hours. I have designed
circuits in connection with an enterprise in 1898 for transmission of energy which,
once started, would vibrate three years, and even after that the oscillations could still
be detected. Professor Wein's theory is very beautiful, but it really has no practical
meaning. It will become useless as soon as the inefficient apparatus of the day, with
antennae that radiate energy rapidly, [are] replaced by a scientifically designed
oscillator which does not give out energy except when it gets up to a tremendous
electromagnetic momentum.
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Figure 33.
The discharger working in an atmosphere, chiefly consisting of hydrogen, still further weakened by heat.
The use of hydrogen in this connection has been claimed as a discovery and patented. Presented in
TesIa's lectures before the Pranklin Institute and the National Electric Light Association. T.C. Martin
book, Fig. 167. pp. 307-308.
 

In this form of break [Fig. 33], I changed the atmosphere in which the arc was
operating. The atmosphere was mostly hydrogen, and with this device I performed
my experiments before the Franklin Institute in Philadelphia and the National Electric
Light Association in St. Louis. This has been used by Poulsen and it is now called
the "Poulsen arc" and "Poulsen system." But, of course, there is no invention in it. I
am on record with prior publications, and besides, the hydrogen does not have any
other effect except that it lowers the tension under which the device can operate. It
has the disadvantage of producing asymmetrical or distorted waves, and the
impulses obtained are not best suited for tuning.
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Figure 34.
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Oscillatory apparatus with interrupter in oil. Exhibited in the Chicago Exposition of 1893 before
Helmholtz. Described in U.S. Patent No. 514,168 of February 6. 1894. Application filed August 2, 1893.
 

This [Fig. 34] is the apparatus used in the Chicago Exposition of 1893, at which time
I explained for the first time to Professor Helmholtz my plan for transmitting energy.
After I had shown Professor Helmholtz and other scientific men there certain
phenomena, he asked me, 

"Now, what is all this intended for?" 

I told him I was trying to develop an apparatus for transmitting energy without wire
for telegraphy, telephony, and other purposes. When I explained to Professor
Helmholtz the whole idea, I said, 

"Excellency, do you think that my plan is realizable?" 

He replied, 

"Why, certainly it is, but first you must produce the apparatus." 

I started then and there to produce the apparatus. 

Counsel

Was that conversation at the the Chicago Exposition? 

Tesla

Yes. It took place in a pavilion which was built especially for exhibiting my inventions
and discoveries. I believe Professor Wedding was there and some other scientists
whom I cannot remember now. I showed Professor Helmholtz my vacuum tubes and
performed many other experiments. 

Counsel

Will you describe this apparatus in a little more detail? 

Tesla

The apparatus [Fig. 34], as you see, comprised primary and secondary coils
immersed in a large tank of oil. The break was automatically effected by means of a
turbine. The oil was circulated by a pump, and the current [i.e., stream flow] of oil
drove the turbine which effected the make and break. Owing to the fact that the oil
used was a very good insulator, rapidly flowing and of great dielectric strength, these
make-and-break points were very close together, and the arcs extremely short. The
effects were accordingly more intense. Here [T in Diag. 1 of Fig. 34] is a cooler
through which the oil was circulated. The oil was forced through the gaps at great
speed, and as it flowed out it was supplied again to the tank and the current driving
the turbine. 

Counsel

That device [Diag. 2 of Fig. 34] you call a turbine? 

Tesla

Yes. It had vanes like those of a propeller and constituted a rotary break in the
circuit. 
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Counsel

What was your prime source [of power]? 

Tesla

The primary source was an alternator with a frequency of 133 cycles and, if I
recollect rightly, the pressure [at the secondary] was about 20,000 volts. I may have
had 10,000 volts. I am not sure what it was, but it must have been certainly from
10,000 to 20,000 volts -- within that range. 

Counsel

I notice you have two sets of transformers in there marked S and S', have you not? 

Tesla

This [S'] is my oscillatory circuit. That [S] is the transformer from which the
condenser was charged. Here [at S] we had 20,000 volts, or whatever it was, from
the commercial transformer and here [at S'] is my secondary which generated the
high frequency currents. The rotary gap is shown in detail [Diag. 2 of Fig. 34]. 

I had a special reason for showing this. To meet that great man Helmholtz and other
scientific men, and to bring before them for the first time the results of years of
previous labor, was an important moment in my life -- particularly because Professor
Helmholtz gave me the assurance himself that what I explained to him was
realizable, provided that I could produce the apparatus. I was very much
encouraged.
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Figure 35.
Apparatus with mechanical break as installed on a large scale in the laboratory at South Fifth Avenue
and subsequently at 46 East Houston Street.  Described in U.S. Patent No. 645,576 of March 20, 1900. 
Application filed September 2, 1897.
 

This [Fig. 35] is the apparatus I had at 35 South Fifth Avenue and also Houston
Street. It shows the whole arrangement as I had it for the demonstration of effects
which I investigated.[*] This cable you see [square loop in top half of Fig. 35] is
stretched around the hall. These are my condensers. There is the mechanically
operated break, and that is a transformer charged from the generator. That is the
way I had it for the production of current effects which were rather of damped
character because, at that period, I used circuits of great activity which radiated
rapidly. In the Houston Street laboratory, I could take in my hands a coil tuned to my
body and collect 3/4 horsepower anywhere in the room without tangible connection,
and I have often disillusioned my visitors in regard to such wonderful effects.
Sometimes, I would produce flames shooting out from my head and run a motor in
my hands, or light six or eight lamps. They could not understand these
manifestations of energy and thought that it was a genuine transmission of power. I
told them that these phenomena were wonderful, but that a system of transmission,
based on the same principle, was absolutely worthless. It was a transmission by
electromagnetic waves. The solution lay in a different direction. I am showing you
this [diagram] simply as a typical form of apparatus of that period, and if you go over
the literature of the present day you will find that the newest arrangements have
nothing better to show. 
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Counsel

What was the make and break frequency that you got from that apparatus? 

Tesla

It was 5,000, 6,000 -- sometimes higher still. I had two oppositely rotating discs
which I will show you and with which I could have reached, probably, 15,000 or
18,000. 

Counsel

What wave frequencies did you develop? 

Tesla

I could operate from a few thousand up to a million per second, if I wanted. 

Counsel

What did you actually use? 

Tesla

In these demonstrations, which I showed these effects, these most powerful effects
that were the sight of New York at that time, I operated with frequencies from 30,000
to 80,000. At that time I could pick up a wire, coil it up, and tell what the vibration
would be, without any test, because I was experimenting day and night.
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Figure 36.
Isochronous mechanical break used in the laboratory at 35 South Fifth Avenue. Described in U.S. Patent
Nos. 568,179 and 568,180 of September 22, 1896. Applications filed July 6 and 9, 1896. (Diagram taken
from Patent No. 568,180.)
 

This [Fig. 36] is a form of break which I developed in working with alternators. I
recognized that it was of tremendous advantage to break at the peak of the wave. If I
used just an ordinary break, it would make and break the current at low as well as
high points of the wave. Of this apparatus I had two forms; one in which I drove the
break right from the shaft of the dynamo and the other in which I drove it with an
isochronous motor. Then, by a movement of these knobs (K K), I would make the
adjustments so that the makes would occur exactly at the top of the wave. That is a
form of break which is embodied in hundreds of patents and used now extensively.
 

Figure 37.
Mechanical break with two oppositely rotating discs used for the purpose of increasing the number of
breaks and alternating oscillations practically undamped.  (Subsequently patented by others.)
 

Here [Fig. 37] I show an apparatus that was installed in the Houston Street
laboratory prior to the other break because I wanted to get as high a number of
impulses as possible. The drawing dates from the spring of 1896. It is a break with
which I could reach from 15,000 to 18,000 interruptions per second. I used it very
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much until later I found it was not necessary. That is the innocent device which
Marconi thought a great invention. 

Counsel

This is also a rotary gap? 

Tesla

Yes, and it consists of two discs of aluminum, with teeth of aluminum on the side.
They were rotated by two motors in opposite directions, and as they rotated they
alternately closed and opened the circuit. In some instances I used an uneven
number of teeth on one and and even number on the other so that I could produce
as many breaks as I desired. I will show you later an apparatus more perfect than
this one, and of a different kind, in which I have 24 stationary contacts, and 25
rotating elements that established the contact and broke it, so that by one revolution
I obtained 24 times 25, or 600 interruptions [per revolution]. 

Counsel

Whenever you say "the break", you mean "a spark gap"? 

Tesla Yes; otherwise I use the term "circuit controller," preferably.
 

Figure 38.
Use of multi-phase generator with mechanical break.  Experiments in the laboratory at 35 South Fifth
Avenue and subsiquently.
 

This [Fig. 38] illustrates another development in a different direction. In order to
increase the number of breaks, I employed currents of different phase. I had in my
laboratory, permanently, a two-phase dynamo and could get phases between; that
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is, from two phases, 90 apart, I could obtain four phases, 45 apart. Here is an
arrangement shown as I had it, working with three phases [60 apart, and could
obtain six phases, 30 apart], and later on I had one with four phases [45 apart, and
could obtain eight phases 22 1/2 apart]. You see, as I multiplied the number of the
phases, I increased the number of the fundamental discharges. 

Counsel

What is the date of this apparatus? 

Tesla

This I employed already in the 35 South Fifth Avenue laboratory, because I
remember that I gave entertainments to several scientific societies and it was then
present there. I know on one occasion there was the Society of Architects, and
another, the Electrotherapeutic Society, and then I had distinguished men like Mark
Twain and Joseph Jefferson -- I gave them a demonstration which was published in
Martin's article in the Century Magazine of April 1895, and I know that on these
occasions I used a two-phase arrangement. Later on I made it four phase. That
apparatus existed, therefore, prior to the destruction of my laboratory in 1895. 

Counsel

Do you recall any publication in which this diagram was illustrated? 

Tesla

I made no publication, and I vividly remember that when I installed my apparatus on
Long Island I had an arrangement with four transformers and four phases 45 apart.
After I had been using this apparatus there, several years afterwards, I ran across a
patent, I believe held by the General Electric Company, describing precisely the
same arrangement.[*] It was a similar experience as with that patent of Fessenden
on the compressed air condenser. Any time I want to use these improvements all I
need to do is to produce my records and that will settle the patents. 

Counsel

When was that drawing [Fig. 38]? 

Tesla

This is from an old patent drawing which was made by Mr. Netter. 

Counsel

But that did not go to patent? 

Tesla

No. I have hundreds of inventions that were to be patented but side-stepped. The
expense was too great and I could not do it. This form of apparatus with two and four
phases was used prior to the destruction of my laboratory in 1895, and it was
installed on a large scale with four phases in my plant on Long Island with which I
was to telephone around the world, but that is a long story. 

Counsel

In that use you made of it at your laboratory, was that connected up as shown there
[Fig. 38], to an antenna? 
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Tesla

I used the apparatus, yes, in connection with the antenna too, but this is from a
patent drawing in which an antenna is shown; I mean, I used it in every connection.
[Fig. 38] illustrates an antenna with my transmitting circuit, but the apparatus was
used in all my work, in all my investigations. 

Counsel

And when this was connected in and used in an antenna, did you use it as in other
instances -- go off and listen to the notes which you received? 

Tesla

Oh, certainly. But I remember that, besides this, I had different kinds of apparatus.
Then I had a sensibly damped wave because at that time I still was laboring under
the same difficulties as some do this day -- I had not learned how to produce a
circuit which would give me, with very few fundamental impulses, a perfectly
continuous wave. That came with the perfection of the devices. When I came to my
experiments in Colorado, I could take my apparatus like that and get a continuous or
undamped wave, almost without exception, between individual discharges. 

Counsel

Speaking of your not having perfectly undamped waves at that time, you were
referring to that character of circuit? 

Tesla

Yes, but with another kind of circuit I could, of course. The advantage of this
apparatus was the delivering of energy at short intervals whereby one could
increase activity, and with this scheme I was able to perform all of those wonderful
experiments which have been reprinted from time to time in the technical papers. I
would take energy out of a circuit at rates of hundreds or thousands of horsepower.
In Colorado, I reached 18 million horsepower activities, but that was always by this
device: Energy stored in the condenser and discharged in an inconceivably small
interval of time. You could not produce that activity with an undamped wave. The
damped wave is of advantage because it gives you, with a generator of 1 kilowatt,
an activity of 2,000, 3,000, 4,000, or 5,000 kilowatts; whereas, if you have a
continuous or undamped wave, 1 kilowatt gives you only wave energy at the rate of
1 kilowatt and nothing more. That is the reason why the system with a quenched gap
has become popular. 

I have refined this so that I have been able to take energy out of engines by drawing
on their momentum. For instance, if the engine is of 200 horsepower, I take the
energy out for a minute interval of time, at a rate of 5,000 or 6,000 horsepower, then
I store [it] in a condenser and discharge the same at the rate of several millions of
horsepower. That is how these wonderful effects are produced. The condenser is
the most wonderful instrument, as I have stated in my writings, because it enables
us to attain greater activities than are practical with explosives. There is no limit to
the energy which you can develop with a condenser. There is a limit to the energy
which you can develop with an explosive. 

A common experiment, for instance, in my laboratory on Houston Street, was to
pass through a coil energy at a rate of several thousand horsepower, put a piece of
thick tinfoil on a stick, and approach it to that coil. The tinfoil would melt, and would

not only melt, but while it was still in that form, it would be evaporated and the whole
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process took place in so small an interval of time that it was like a cannon shot.
Instantly I put it there, there was an explosion. That was a striking experiment. It

simply showed the power of the condenser, and at that time I was so reckless that in
order to demonstrate to my visitors that my theories were correct, I would stick my

head into that coil and I was not hurt; but, I would not do it now.

Figure 39
Apparatus furnishing direct currents of high tension, producing undamped electrical oscillations of high
frequency.  (This is also shown in [Fig. 27]).  Apparatus built in 1895.
 

[Fig. 39] shows a four-phase machine which was furnished me by the Westinghouse
Electric Company at the close of 1895. My laboratory burned out in May, and I urged
my friend, Mr. Albert Schmidt, who was the Superintendent, to give me this
alternator as soon as possible. He worked day and night until he got it out, and he
certainly did notable work because while the machine was rated at 30 horsepower, I
have run it at 150 horsepower.

By the way, and this is a painful reflection, it was Schmidt and I who developed this
type of frame and this general arrangement which is universally adopted now -- a
base, with the magnets cast below, split at the center line, and a corresponding
upper part. That is now used everywhere. I remember years ago, some of my
friends, Messrs. Crocker and Wheeler, started with those long magnets and I told
them, "The sooner you throw these away and adopt this construction, the better it
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will be for you." They have got it now; it is all right.

Counsel

How is this machine [Fig. 39] shown in connection with that?

Tesla

This dynamo [Fig. 39], you see, is a two-phase machine; that is, I develop from it
currents of two-phase. Now, there are four transformers. You see them down here
[lower left of Fig. 39] that furnish the primary energy. From these two phases I
develop four phases. [However,] this involves something else which I have referred
to before; namely, an arrangement which enables me to produce from these
alternating currents direct currents and undamped -- absolutely undamped --
isochronous oscillations of any period I like.

This is accomplished in the following manner: The secondaries of the four
transformers could each develop 44,000 volts. They were specially built for me by
the Westinghouse Company. They could, however, be connected in such a way that
each would give 11,000 volts, and then I would take these 11,000 volts and these
four phases and commutate them by a commutator consisting of aluminum plates, or
aluminum segments, which were rotated in synchronism with the alternator. Then I
obtained a continuous pressure; that is, direct current of a tension of 44,000 volts,
and with these 44,000 volts I charged my condensers. Then by discharging the
condensers, either through a stationary gap or through a gap with a mechanical
interrupter, I obtained any frequency I desired, and perfectly undamped waves. This
arrangement was installed in 1901 in my wireless plant at Long Island, with which I
was to telephone around the world.

Counsel

Who built that machine?

Tesla

The Westinghouse Company, [under direction of] Mr. Albert Schmidt,
Superintendent. It was especially built for me and furnished to my laboratory on
Houston Street.

While I was with the Westinghouse Company, I did two things in addition to bringing
my motors to them. I had discovered that Bessemer steel was a much better
material for transformers and motors than the soft iron which was previously used.
When I came to Pittsburgh, my motors gave results which their motors could not at
first produce, and I told them that I had used Bessemer steel. I discovered, in
following up the analysis of the steels which were used, that the Bessemer was not
steel but really soft iron. The Westinghouse people then adopted my suggestion. At
first, Mr. Shallenberger and other electricians there objected very much, but I
persuaded them and when the transformers were built we found that we could get 2
1/2 times the output we got before.

The Westinghouse people kept it a secret for a long time and no one understood
how they could make such fine transformers, but all they did was to use the
Bessemer steel, on my suggestion, instead of the soft iron the General Electric and
other people used. Mr. Westinghouse especially requested me to join efforts with Mr.
Schmidt and improve the design of his machines, and we did so. We evolved this
design, introduced the ready-made coils, which are pressed on the armature, and
other improvements. I took a couple of patents out with Mr. Schmidt, and Mr.
Westinghouse was very nice about it. I think he compensated me with $10,000, or
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something like that, for my suggestions.

Counsel

You have spoken of the use of that machine at Houston Street. In what way was it
used?

Tesla

I used this machine, as I said, either to produce alter- nating currents and then
interrupt them with a mechanical break at the high peaks of the wave; or, I used
alternating currents and interrupted them with an independent rotating break having
a great number of teeth. Or, I generated continuous currents by commutating the
high tension alternating currents of the transformer. At that time I had two
transformers from which I obtained a constant pressure, charged the condenser, and
produced undamped waves of any frequency I wanted. As to the machine here [Fig.
39], that is the way it was arranged. It was for the generation of continuous
electromotive force and production of undamped waves -- from 1895 and on.

Counsel

What sort of apparatus was it connected up to for the purpose of absorbing these
waves? 

Tesla

It was the same as shown here [Fig. 38]. It was con- nected to the condensers, and
these condensers were discharged through a primary which excited the secondary;
the antenna was included in the secondary. At other times we discharged the
condensers directly so that I could use the antenna without the secondary. 

Counsel

In the same way did you note the operation of these waves? 

Tesla

We did, of course, only in most cases the instrument of reception was different.
When I operated with these continuous, or undamped, waves, generated in this way,
I usually went to high frequencies. I did operate [at] a very few thousand, but that
gave me a smaller output. Such a machine you have to operate at high frequencies
to get power.

Counsel

What do you mean by high frequencies?

Tesla

I mean frequencies of 30,000, 40,000, 50,000, or something like that.

Counsel

And by means of that machine, you put undamped waves of frequency about 50,000
into that antenna at Houston Street in 1895?

Tesla

No, not in 1895. Late in 1895 the machine was furnished and I began to operate in
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early 1896. That is when I began to operate.

Counsel

Then you did this, that I speak of, in 1896?

Tesla

Yes, from 1896 to 1899, right along.

Counsel

When you used frequencies like that in your antenna, was your antenna tuned or
untuned?

Tesla

I could not use it untuned. That would be absurd.

Counsel

What form of device did you use, and where did you use it, for noting the generation
of these oscillations or waves in the antenna?

Tesla

I suppose I had hundreds of devices, but the first device that I used, and it was very
successful, was an improvement on the bolometer. I met Professor Langley in 1892
at the Royal Institution. He said to me, after I had delivered a lecture, that they were
all proud of me. I spoke to him of the bolometer, and remarked that it was a beautiful
instrument. I then said,

"Professor Langley, I have a suggestion for making an improvement in the
bolometer, if you will embody it in the principle."

I explained to him how the bolometer could be improved. Professor Langley was
very much interested and wrote in his notebook what I suggested. I used what I have
termed a small-mass resistance, but of much smaller mass than in the bolometer of
Langley, and of much smaller mass than that of any of the devices which have been
recorded in patents issued since. Those are clumsy things. I used masses that were
not a millionth of the smallest mass described in any of the patents, or in the
publications. With such an instrument, I operated, for instance, in West Point -- I
received signals from my laboratory on Houston Street in West Point.

Counsel

This was then the machine that you used when working with West Point?

Tesla

I operated once or twice with it at that distance, but usually as I was investigating in
the city. My work at that time was to prepare for the development of a commercial
plant, and with me the question was not to transmit signals, but to see what intensity
I could get to put me in position to calculate out my apparatus, the dimensions and
the forms, before I began the undertaking. It was nothing but preparatory work for
the construction of a commercial plant, and I demonstrated its practicability through
my experiments, a plant which was to accomplish much more than all others.

Counsel
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What was the horsepower activity in the oscillating circuits when you used this
machine?

Tesla

Usually something like 50 horsepower, and I would get, I should say, approximately
30 horsepower in the antenna; that is, I would get 30 horsepower in the oscillating
circuit.

Counsel

I understood a little while ago when you made the statement of using several
thousand horsepower put into a condenser, you could take out of the condenser a
million horsepower. I wondered if you got the same condition with this machine.

Tesla

Yes; I charged the condenser with 40,000 volts. When it was charged full, I
discharged it suddenly, through a short circuit which gave me a very rapid rate of
oscillation. Let us suppose that I had stored in the condenser 10 watts. Then, for
such a wave there is a flux of energy of (4 x 104)2, and this is multiplied by the
frequency of 100,000. You see, it may go into thousands or millions of horsepower.

Counsel

What I wanted to get at was, did that depend upon the suddenness of the
discharge? 

Tesla

Yes. It is merely the electrical analogue of a pile driver or a hammer. You
accumulate energy through a long distance and then you deliver it with a
tremendous suddenness. The distance through which the mass moves is small --
the pressure immense.

Counsel

Did you find that that was the best condition for transmitting energy without the use
of wire?

Tesla

No, I did not use that method when I was transmitting energy. I used it only in the
production of those freaks for which I have been called a magician. If I had used
merely undamped waves, I would have been an ordinary electrician like everybody
else.

Counsel

You have referred to some delicate receiving instruments. Did you have any trouble
with those burning out on account of static?

Tesla

My dear sir, I burned out so many instruments before I discovered what was the
matter with them! They burned out instantly until I learned how to make them so that
they could not burn out. Yes, that was a great trouble in the beginning.

Counsel
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Did you succeed in getting them so they would not burn out?

Tesla

Yes. If lightning struck close by, it would not burn out my instrument that has a
millionth of the smallest mass used in the instruments of others.

Figure 40.
Apparatus and method of conversion by condenser discharges applicable to both alternating and direct
currents.  Described in lectures before the Franklin Institute and the National Electric Light Association
early in 1893.  Illustrated in T.C. Martin book, Fig. 165, pp. 302-317.
 

This [Fig. 40] is a systematic representation of the various ways which I gave in my
lecture before the Franklin Institute and the National Electric Light Association,
embodying the general arrangements for the obtainment of continuous waves,
undamped or damped waves, from direct and alternating current supply. On the one
side [right] you have direct, on the other side alternating current supply. Some
electricians have had difficulties in operating some of this apparatus. I had none. I
can take an ordinary circuit of 50 volts and produce from it absolutely undamped
oscillations and never have the slightest difficulty about it.
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Figure 41.
Illustrating one of the early experiments with a tuned transformer in the laboratory at South Fifth Avenue.
 

Now I come to a few pieces of apparatus which I used in the Houston Street
laboratory and the South Fifth Avenue laboratory. I have here [Fig. 41] what you
might call a tuning coil. I employed usually another secondary and had my
condensers on the table. You see one of the coils in action. This is a tuned circuit
which responds to electromagnetic waves which are sent through the room.

Counsel

This is being used as a receiver of waves?

Tesla

Yes.
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Figure 42.
Another illustration of one of the early experiments with a tuned transformer in the laboratory at South
Fifth Avenue. (Article by T.C. Martin ["Tesla's Oscillator and Other Inventions"], Century Magazine, April
1895, Fig. 9, p. 926.)
 

This [instrument shown in Fig. 42] was used in the laboratory on South Fifth Avenue.
Here [large circular disc lying on top of coil] is the tuning table with the condensers, a
thick primary, and another secondary wire. Sometimes I would operate with two
vibrations and I would tune the first circuit to one and the second to the other. Here
[referring to cabinets in back of room] you see some of my historical apparatus.
Professor Fairfield Osborn[*] came once to my laboratory and said to me, "Why on
earth do you keep it in this laboratory?" I had all of this apparatus, 400 pieces,
absolutely priceless, and he offered to take it over to the Museum. But I did not heed
his advice, and it is gone.

Counsel

Where were the waves sent from?

Tesla

The whole room was energized by electromagnetic waves and the receiver
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responded at any place in the hall. The hall was bigger than this room [shown in Fig.
42], twice as long, and anywhere the intensity of action was the same. These discs
[vertical, on top of tuning table] were, I think, about 14 or 15 inches in diameter, and
you could see the streamers [shown as white between the discs] anywhere in the
room. In a hall twice as long as this, wherever I placed the instrument, it would
respond to the electromagnetic waves.

Counsel

In this particular instance you are speaking of, the waves were generated right there
at 35 South Fifth Avenue?

Tesla

Yes.

Counsel

Was that the apparatus in which you had the primaries running entirely around the
room?

Tesla

Yes. This was shown to many people and societies.

This [Fig. 43] shows the first single step I made toward the evolution of an apparatus
which, given primary oscillations, will transform them into oscillations capable of
penetrating the medium. That experiment, which was marvelous at the time it was
performed, was shown for the first time in 1894. I remember the incident perfectly. I
called Mr. Edward Adams, the banker, to come and see it, and he was the first man
to observe it and to hear my explanation of what it meant.
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Figure 43.
Apparatus in action illustrating the first step in the evolution of the magnifying transmitter in the
laboratory at 35 South Fifth Avenue.  (Article by T.C. Martin ["Tesla's Oscillator and Other Inventions"],
Century Magazine, April 1895, Fig. 15, p. 932.)

This coil, which I have subsequently shown in my patents Nos. 645,576 and
649,621, in the form of a spiral, was, as you see, [earlier] in the form of a cone. The
idea was to put the coil, with reference to the primary, in an inductive connection
which was not close -- we call it now a loose coupling -- but free to permit a great
resonant rise. That was the first single step, as I say, toward the evolution of an
invention which I have called my "magnifying transmitter." That means, a circuit
connected to ground and to the antenna, of a tremendous electromagnetic
momentum and small damping factor, with all the conditions so determined that an
immense accumulation of electrical energy can take place.

It was along this line that I finally arrived at the results described in my article in the
Century Magazine of June 1900. [Fig. 43] shows an alternator; not the alternator that
was furnished for my laboratory on Houston Street -- that was another one, [but] at
35 South Fifth Avenue [and] operated on the same principle. Here [lower left] are the
condensers, primary, and all the rest. The discharge there was 5 or 6 feet,
comparatively small to what I subsequently obtained. I have produced discharges of
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100 feet, and could produce some of 1,000 feet if necessary, with the greatest
facility.

Counsel

Mr. Tesla, at that point, what did you mean by electro-magnetic momentum?

Tesla

I mean that you have to have in the circuit, inertia. You have to have a large
self-inductance in order that you may accomplish two things: First, a comparatively
low frequency, which will reduce the radiation of the electromagnetic waves to a
comparatively small value, and second, a great resonant effect. That is not possible
in an antenna, for instance, of large capacity and small self-inductance. A large
capacity and small self-inductance is the poorest kind of circuit which can be
constructed; it gives a very small resonant effect. That was the reason why in my
experiments in Colorado the energies were 1,000 times greater than in the present
antennae.

Counsel

You say the energy was 1,000 times greater. Do you mean that the voltage was
increased, or the current, or both?

Tesla

Yes [both]. To be more explicit, I take a very large self-inductance and a
comparatively small capacity, which I have constructed in a certain way so that the
electricity cannot leak out. I thus obtain a low frequency; but, as you know, the
electromagnetic radiation is proportionate to the square root of the capacity divided
by the self-induction. I do not permit the energy to go out; I accumulate in that circuit
a tremendous energy. When the high potential is attained, if I want to give off
electromagnetic waves, I do so, but I prefer to reduce those waves in quantity and
pass a current into the earth, because electromagnetic wave energy is not
recoverable while that [earth] current is entirely recoverable, being the energy stored
in an elastic system.

Counsel

What elastic system do you refer to?

Tesla 

I mean this: If you pass a current into a circuit with large self-induction, and no
radiation takes place, and you have a low resistance, there is no possibility of this
energy getting out into space; therefore, the impressed impulses accumulate.

Counsel

Let's see if I understand this correctly. If you have radiation or electromagnetic
waves going from your system, the energy is wasted?

Tesla

Absolutely wasted. From my circuit you can get either electromagnetic waves, 90
percent of electromagnetic waves if you like, and 10 percent in the current energy
that passes through the earth. Or, you can reverse the process and get 10 percent
of the energy in electromagnetic waves and 90 percent in energy of the current that
passes through the earth.
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It is just like this: I have invented a knife. The knife can cut with the sharp edge. I tell
the man who applies my invention, you must cut with the sharp edge. I know
perfectly well you can cut butter with the blunt edge, but my knife is not intended for
this. You must not make the antenna give off 90 percent in electromagnetic and 10
percent in current waves, because the electromagnetic waves are lost by the time
you are a few arcs around the planet, while the current travels to the uttermost
distance of the globe and can be recovered.

This view, by the way, is now confirmed. Note, for instance, the mathematical
treatise of Sommerfeld,[*] who shows that my theory is correct, that I was right in my
explanations of the phenomena, and that the profession was completely misled. This
is the reason why these followers of mine in high frequency currents have made a
mistake. They wanted to make high frequency alternators of 200,000 cycles with the
idea that they would produce electromagnetic waves, 90 percent in electromagnetic
waves and the rest in current energy. I only used low alternations, and I produced 90
percent in current energy and only 10 percent in electromagnetic waves, which are
wasted, and that is why I got my results. . . .
 

You see, the apparatus which I have devised was an apparatus enabling one to
produce tremendous differences of potential and currents in an antenna circuit. 
These requirements must be fulfilled, whether you transmit by currents of
conduction, or whether you transmit by electromagnetic waves.  You want high
potential currents, you want a great amount of vibratory energy; but you can
graduate this vibratory energy.  By proper design and choice of wave lengths, you
can arrange it so that you get, for instance, 5 percent in these electromagnetic
waves and 95 percent in the current that goes through the earth.  That is what I am
doing.  Or you can get, as these radio men, 95 percent in the energy of
electromagnetic waves and only 5 percent in the energy of the current. . . . The
apparatus is suitable for one or the other method.  I am not producing radiation with
my system; I am suppressing electromagnetic waves. . . .In my system, you should
free yourself of the idea that there is radiation, that the energy is radiated.  It is not
radiated; it is conserved. . . .
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— The Problem Of Increasing Human Energy —
With Special References to the Harnessing of the Sun's Energy.

by Nikola Tesla
 

THE ONWARD MOVEMENT OF MAN--
THE ENERGY OF THE MOVEMENT--
THE THREE WAYS OF INCREASING HUMAN ENERGY.

Of all the endless variety of phenomena which nature presents to our senses, there is none that fills our
minds with greater wonder than that inconceivably complex movement which, in its entirety, we
designate as human life; Its mysterious origin is veiled in the forever impenetrable mist of the past, its
character is rendered incomprehensible by its infinite intricacy, and its destination is hidden in the
unfathomable depths of the future. Whence does it come? What is it? Whither does it tend? are the
great questions which the sages of all times have endeavored to answer.

Modern science says: The sun is the past, the earth is the present, the moon is the future. From an
incandescent mass we have originated, and into a frozen mass we shall turn. Merciless is the law of
nature, and rapidly and irresistibly we are drawn to our doom. Lord Kelvin, in his profound meditations,
allows us only a short span of life, something like six million years, after which time the suns bright light
will have ceased to shine, and its life giving heat will have ebbed away, and our own earth will be a
lump of ice, hurrying on through the eternal night. But do not let us despair. There will still be left upon it
a glimmering spark of life, and there will be a chance to kindle a new fire on some distant star. This
wonderful possibility seems, indeed, to exist, judging from Professor Dewar's beautiful experiments
with liquid air, which show that germs of organic life are not destroyed by cold, no matter how intense;
consequently they may be transmitted through the interstellar space. Meanwhile the cheering lights of
science and art, ever increasing in intensity, illuminate our path, and marvels they disclose, and the
enjoyments they offer, make us measurably forgetful of the gloomy future.

Though we may never be able to comprehend human life, we know certainly that it is a movement, of
whatever nature it be. The existence of movement unavoidably implies a body which is being moved
and a force which is moving it. Hence, wherever there is life, there is a mass moved by a force. All
mass possesses inertia, all force tends to persist. Owing to this universal property and condition, a
body, be it at rest or in motion, tends to remain in the same state, and a force, manifesting itself
anywhere and through whatever cause, produces an equivalent opposing force, and as an absolute
necessity of this it follows that every movement in nature must be rhythmical. Long ago this simple truth
was clearly pointed out by Herbert Spencer, who arrived at it through a somewhat different process of
reasoning. It is borne out in everything we perceive--in the movement of a planet, in the surging and
ebbing of the tide, in the reverberations of the air, the swinging of a pendulum, the oscillations of an
electric current, and in the infinitely varied phenomena of organic life. Does not the whole of human life
attest to it? Birth, growth, old age, and death of an individual, family, race, or nation, what is it all but a
rhythm? All life-manifestation, then, even in its most intricate form, as exemplified in man, however
involved and inscrutable, is only a movement, to which the same general laws of movement which
govern throughout the physical universe must be applicable.

[See Nikola Tesla: Colorado Springs Notes, page 334, Photograph X.] 

FIG. 1. BURNING THE NITROGEN OF THE ATMOSPHERE.

Note to Fig. 1.--This result is produced by the discharge of an electrical oscillator giving twelve million volts. The electrical pressure,
alternating one hundred thousand times per second, excites the normally inert nitrogen, causing it to combine with the oxygen. The
flame-like discharge shown in the photograph measures sixty-five feet across.

When we speak of man, we have a conception of humanity as a whole, and before applying scientific
methods to, the investigation of his movement we must accept this as a physical fact. But can anyone

Storia dell'elettricità-Nikola Tesla - The Problem Of Increasing Human Energy



doubt to-day that all the millions of individuals and all the innumerable types and characters constitute
an entity, a unit? Though free to think and act, we are held together, like the stars in the firmament, with
ties inseparable. These ties cannot be seen, but we can feel them. I cut myself in the finger, and it
pains me: this finger is part of my. I see a friend hurt, and it hurts me, too: my friend and I are one. And
now I see stricken down an enemy, a lump of matter which, of all the lumps of matter in the universe, I
care least for, and it still grieves me. Does this not prove that each of us is only part of a whole?

For ages this idea has been proclaimed in the consummately wise teachings of religion, probably not
alone as a means of insuring peace and harmony among men, but as a deeply founded truth. The
Buddhist expresses it in one way, the Christian in another, but both say the same: We are all one.
Metaphysical proofs are, however, not the only ones which we are able to bring forth in support of this
idea. Science, too, recognizes this connectedness of separate individuals, though not quite in the same
sense as it admits that the suns, planets, and moons of a constellation are one body, and there can be
no doubt that it will be experimentally confirmed in times to come, when our means and methods for
investigating psychical and other states and phenomena shall have been brought to great perfection.
Still more: this one human being lives on and on. The individual is ephemeral, races and nations come
and pass away, but man remains. Therein lies the profound difference between the individual and the
whole. Therein, too, is to be found the partial explanation of many of those marvelous phenomena of
heredity which are the result of countless centuries of feeble but persistent influence.

Conceive, then, man as a mass urged on by a force. Though this movement is not of a translatory
character, implying change of place, yet the general laws of mechanical movement are applicable to it,
and the energy associated with this mass can be measured, in accordance with well-known principles,
by half the product of the mass with the square of a certain velocity. So, for instance, a cannon-ball
which is at rest possesses a certain amount of energy in the form of heat, which we measure in a
similar way. We imagine the ball to consist of innumerable minute particles, called atoms or molecules,
which vibrate or whirl around one another. We determine their masses and velocities, and from them
the energy of each of these minute systems, and adding them all together, we get an idea of the total
heat-energy contained in the ball, which is only seemingly at rest. In this purely theoretical estimate this
energy may then be calculated by multiplying half of the total mass--that is half of the sum of all the
small masses--with the square of a velocity which is determined from the velocities of the separate
particles. In like manner we may conceive of human energy being measured by half the human mass
multiplied with the square of the velocity which we are not yet able to compute. But our deficiency in
this knowledge will not vitiate the truth of the deductions I shall draw, which rest on the firm basis that
the same laws of mass and force govern throughout nature.

Man, however, is not an ordinary mass, consisting of spinning atoms and molecules, and containing
merely heat-energy. He is a mass possessed of certain higher qualities by reason of the creative
principle of life with which he is endowed. His mass, as the water in an ocean wave, is being
continuously exchanged, new taking the place of the old. Not only this, but he grows propagates, and
dies, thus altering his mass independently, both in bulk and density. What is most wonderful of all, he is
capable of increasing or diminishing his velocity of movement by the mysterious power he possesses
by appropriating more or less energy from other substance, and turning it into motive energy. But in
any given moment we may ignore these slow changes and assume that human energy is measured by
half the product of man's mass with the square of a certain hypothetical velocity. However we may
compute this velocity, and whatever we may take as the standard of its measure, we must, in harmony
with this conception, come to the conclusion that the great problem of science is, and always will be, to
increase the energy thus defined. Many years ago, stimulated by the perusal of that deeply interesting
work, Draper's "History of the Intellectual Development of Europe," depicting so vividly human
movement, I recognized that to solve this eternal problem must ever be the chief task of the man of
science. Some results of my own efforts to this end I shall endeavor briefly to describe here. 
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DIAGRAM a. THE THREE WAYS OF INCREASING HUMAN ENERGY.

Let, then, in diagram a, M represent the mass of man. This mass is impelled in one direction by a force
f, which is resisted by another partly frictional and partly negative force R, acting in a direction exactly
opposite, and retarding the movement of the mass. Such an antagonistic force is present in every
movement and must be taken into consideration. The difference between these two forces is the
effective force which imparts a velocity V to the mass M in the direction of the arrow on the line
representing the force f. In accordance with the preceding, the human energy will then be given by the
product ½ MV2 = ½ MV x V, in which M is the total mass of man in the ordinary interpretation of the
term "mass," and V is a certain hypothetical velocity, which, in the present state of science, we are
unable exactly to define and determine. To increase the human energy is, therefore, equivalent to
increasing this product, and there are, as will readily be seen, only three ways possible to attain this
result, which are illustrated in the above diagram. The first way shown in the top figure, is to increase
the mass (as indicated by the dotted circle), leaving the two opposing forces the same. The second
way is to reduce the retarding force R to a smaller value r, leaving the mass and the impelling force the
same, as diagrammatically shown in the middle figure. The third way, which is illustrated in the last
figure, is to increase the impelling force f to a higher value F, while the mass and the retarding force R
remain unaltered. Evidently fixed limits exist as regards increase of mass and reduction of retarding
force, but the impelling force can be increased indefinitely. Each of these three possible solutions
presents a different aspect of the main problem of increasing human energy, which is thus divided into
three distinct problems, to be successively considered.

THE FIRST PROBLEM: HOW TO INCREASE THE HUMAN MASS--THE BURNING OF
ATMOSPHERIC NITROGEN.

Viewed generally, there are obviously two ways of increasing the mass of mankind: first, by aiding and
maintaining those forces and conditions which tend to increase it; and, second, by opposing and
reducing those which tend to diminish it. The mass will be increased by careful attention to health, by
substantial food, by moderation, by regularity of habits, by promotion of marriage, by conscientious
attention to children, and, generally stated, by the observance of all the many precepts and laws of
religion and hygiene. But in adding new mass to the old, three cases again present themselves. Either
the mass added is of the same velocity as the old, or it is of a smaller or of a higher velocity. To gain an
idea of the relative importance of these cases, imagine a train composed of, say, one hundred
locomotives running on a track, and suppose that, to increase the energy of the moving mass, four
more locomotives are added to the train. If these four move at the same velocity at which the train is
going, the total energy will be increased four per cent.; if they are moving at only one half of that
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velocity, the increase will amount to only one per cent.; if they are moving at twice that velocity, the
increase of energy will be sixteen per cent. This simple illustration shows that it is of greatest
importance to add mass of a higher velocity. Stated more to the point, if, for example, the children be of
the same degree of enlightenment as the parents,--that is, mass of the "same velocity,"--the energy will
simply increase proportionately to the number added. If they are less intelligent or advanced, or mass
of "smaller velocity," there will be a very slight gain in the energy; but if they are further advanced, or
mass of "higher velocity," then the new generation will add very considerably to the sum total of human
energy. any addition of mass of "smaller velocity," beyond that indispensable amount required by the
law expressed in the proverb, "Mens sana in corpore sano," should be strenuously opposed. For
instance, the mere development of muscle, as aimed at in some of our colleges, I consider equivalent
to adding mass of "smaller velocity," and I would not commend it, although my views were different
when I was a student myself. Moderate exercise, insuring the right balance between mind and body,
and the highest efficiency of performance, is, of course, a prime requirement. The above example
shows that the most important result to be attained is the education, or the increase of the "velocity," of
the mass newly added.

Conversely, it scarcely need be stated that everything that is against the teachings of religion and the
laws of hygiene is tending to decrease the mass. Whisky, wine, tea coffee, tobacco, and other such
stimulants are responsible for the shortening of the lives of many, and ought to be used with
moderation. But I do not think that rigorous measures of suppression of habits followed through many
generations are commendable. It is wiser to preach moderation than abstinence. We have become
accustomed to these stimulants, and if such reforms are to be effected, they must be slow and gradual.
Those who are devoting their energies to such ends could make themselves far more useful by turning
their efforts in other directions, as, for instance, toward providing pure water.

For every person who perishes from the effects of a stimulant, at least a thousand die from the
consequences of drinking impure water. This precious fluid, which daily infuses new life into us, is
likewise the chief vehicle through which disease and death enter our bodies. The germs of destruction
it conveys are enemies all the more terrible as they perform their fatal work unperceived. They seal our
doom while we live and enjoy. The majority of people are so ignorant or careless in drinking water, and
the consequences of this are so disastrous, that a philanthropist can scarcely use his efforts better than
by endeavoring to enlighten those who are thus injuring themselves. By systematic purification and
sterilization of the drinkingwater the human mass would be very considerably increased. It should be
made a rigid rule--which might be enforced by law--to boil or to sterilize otherwise the drinking water in
every household and public place. The mere filtering does not afford sufficient security against
infection. All ice for internal uses should be artificially prepared from water thoroughly sterilized. The
importance of eliminating germs of disease from the city water is generally recognized, but little is being
done to improve the existing conditions, as no satisfactory method of sterilizing great quantities of
water has yet been brought forward. By improved electrical appliances we are now enabled to produce
ozone cheaply and in large amounts, and this ideal disinfectant seems to offer a happy solution of the
important question.

Gambling, business rush, and excitement, particularly on the exchanges, are causes of much mass
reduction, all the more so because the individuals concerned represent units of higher value. Incapacity
of observing the first symptoms of an illness, and careless neglect of the same, are important factors of
mortality. In noting carefully every new sign of approaching danger, and making conscientiously every
possible effort to avert it, we are not only following wise laws of hygiene in the interest of our well-being
and the success of our labors, but we are also complying with a higher moral duty. Everyone should
consider his body as a priceless gift from one whom he loves above all, as a marvelous work of art, of
undescribable beauty and mastery beyond human conception, and so delicate and frail that a word, a
breath, a look, nay, a thought, may injure it. Uncleanliness, which breeds disease and death, is not only
a self destructive but highly immoral habit. In keeping our bodies free from infection, healthful, and
pure, we are expressing our reverence for the high principle with which they are endowed. He who
follows the precepts of hygiene in this spirit is proving himself, so far, truly religious. Laxity of morals is
a terrible evil, which poisons both mind and body, and which is responsible for a great reduction of the
human mass in some countries. Many of the present customs and tendencies are productive of similar
hurtful results. For example, the society life, modern education and pursuits of women, tending to draw
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them away from their household duties and make men out of them, must needs detract from the
elevating ideal they represent, diminish the artistic creative power, and cause sterility and a general
weakening of the race. A thousand other evils might be mentioned, but all put together, in their bearing
upon the problem under discussion, they could not equal a single one, the want of food, brought on by
poverty, destitution, and famine. Millions of individuals die yearly for want of food, thus keeping down
the mass. Even in our enlightened communities, and not withstanding the many charitable efforts, this
is still, in all probability, the chief evil. I do not mean here absolute want of food, but want of healthful
nutriment.

How to provide good and plentiful food is, therefore, a most important question of the day. On the
general principles the raising of cattle as a means of providing food is objectionable, because, in the
sense interpreted above, it must undoubtedly tend to the addition of mass of a "smaller velocity." It is
certainly preferable to raise vegetables, and I think, therefore, that vegetarianism is a commendable
departure from the established barbarious habit. That we can subsist on plant food and perform our
work even to advantage is not a theory, but a well-demonstrated fact. Many races living almost
exclusively on vegetables are of superior physique and strength. There is no doubt that some plant
food, such as oatmeal, is more economical than meat, and superior to it in regard to both mechanical
and mental performance. Such food, moreover, taxes our digestive organs decidedly less, and, in
making us more contented and sociable, produces an amount of good difficult to estimate. In view of
these facts every effort should be made to stop the wanton and cruel slaughter of animals, which must
be destructive to our morals. To free ourselves from animal instincts and appetites, which keep us
down, we should begin at the very root from which we spring: we should effect a radical reform in the
character of the food.

There seems to be no philosophical necessity for food. We can conceive of organized beings living
without nourishment, and deriving all the energy they need for the performance of their lifefunctions
from the ambient medium. In a crystal we have the clear evidence of the existence of a formative
life-principle, and though we cannot understand the life of a crystal, it is none the less a living being.
There may be, besides crystals, other such individualized, material systems of beings, perhaps of
gaseous constitution, or composed of substance still more tenuous. In view of this possibility,--nay,
probability, we cannot apodictically deny the existence of organized beings on a planet merely because
the conditions on the same are unsuitable for the existence of life as we conceive it. We cannot even,
with positive assurance, assert that some of them might not be present here, in this our world, in the
very midst of us, for their constitution and life-manifestation may be such that we are unable to perceive
them.

The production of artificial food as a means for causing an increase of the human mass naturally
suggests itself, but a direct attempt of this kind to provide nourishment does not appear to me rational,
at least not for the present. Whether we could thrive on such food is very doubtful. We are the result of
ages of continuous adaptation, and we cannot radically change without unforeseen and, in all
probability, disastrous consequences. So uncertain an experiment should not be tried. By far the best
way, it seems to me, to meet the ravages of the evil, would be to find ways of increasing the
productivity of the soil. With this object the preservation of forests is of an importance which cannot be
overestimated, and in this connection, also, the utilization of water-power for purposes of electrical
transmission, dispensing in many ways with the necessity of burning wood, and tending thereby to
forest preservation, is to be strongly advocated. But there are limits in the improvement to be effected
in this and similar ways.

To increase materially the productivity of the soil, it must be more effectively fertilized by artificial
means. The question of food-production resolves itself, then, into the question how best to fertilize the
soil. What it is that made the soil is still a mystery. To explain its origin is probably equivalent to
explaining the origin of life itself. The rocks, disintegrated by moisture and heat and wind and weather,
were in themselves not capable of maintaining life. Some unexplained condition arose, and some new
principle came into effect, and the first layer capable of sustaining low organisms, like mosses was
formed. These, by their life and death, added more of the lifesustaining quality to the soil, and higher
organisms could then subsist, and so on and on, until at last highly developed plant and animal life
could flourish. But though the theories are, even now, not in agreement as to how fertilization is
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effected, it is a fact, only too well ascertained, that the soil cannot indefinitely sustain life, and some
way must be found to supply it with the substances which have been abstracted from it by the plants.
The chief and most valuable among these substances are compounds of nitrogen, and the cheap
production of these is, therefore, the key for the solution of the all-important food problem. Our
atmosphere contains an inexhaustible amount of nitrogen, and could we but oxidize it and produce
these compounds, an incalculable benefit for mankind would follow.

Long ago this idea took a powerful hold on the imagination of scientific men, but an efficient means for
accomplishing this result could not be devised. The problem was rendered extremely difficult by the
extraordinary inertness of the nitrogen, which refuses to combine even with oxygen. But here electricity
comes to our aid: the dormant affinities of the element are awakened by an electric current of the
proper quality. As a lump of coal which has been in contact with oxygen for centuries without burning
will combine with it when once ignited, so nitrogen, excited by electricity, will burn. I did not succeed,
however, in producing electrical discharges exciting very effectively the atmospheric nitrogen until a
comparatively recent date, although I showed, in May, 1891, in a scientific lecture, a novel form of
discharge or electrical flame named "St. Elmo's hotfire," which, besides being capable of generating
ozone in abundance, also possessed, as I pointed out on that occasion, distinctly the quality of exciting
chemical affinities. This discharge or flame was then only three or four inches long, its chemical action
was likewise very feeble, and consequently the process of oxidation of nitrogen was wasteful. How to
intensify this action was the question. Evidently electric currents of a peculiar kind had to be produced
in order to render the process of nitrogen combustion more efficient.

The first advance was made in ascertaining that the chemical activity of the discharge was very
considerably increased by using currents of extremely high frequency or rate of vibration. This was an
important improvement, but practical considerations soon set a definite limit to the progress in this
direction. Next, the effects of the electrical pressure of the current impulses, of their wave-form and
other characteristic features, were investigated. Then the influence of the atmospheric pressure and
temperature and of the presence of water and other bodies was studied, and thus the best conditions
for causing the most intense chemical action of the discharge and securing the highest efficiency of the
process were gradually ascertained. Naturally, the improvements were not quick in coming; still, little by
little, I advanced. The flame grew larger and larger, and its oxidizing action grew more intense. From an
insignificant brush-discharge a few inches long it developed into a marvelous electrical phenomenon, a
roaring blaze, devouring the nitrogen of the atmosphere and measuring sixty or seventy feet across.
Thus slowly, almost imperceptibly, possibility became accomplishment. All is not yet done, by any
means, but to what a degree my efforts have been rewarded an idea may be gained from an inspection
of Fig. 1 (p. 176), which, with its title, is self explanatory. The flame-like discharge visible is produced
by the intanse electrical oscillations which pass through the coil shown, and violently agitate the
electrified molecules of the air. By this means a strong affinity is created between the two normally
indifferent constituents of the atmosphere, and they combine readily, even if no further provision is
made for intensifying the chemical action of the discharge. In the manufacture of nitrogen compounds
by this method, of course, every possible means bearing upon the intensity of this action and the
efficiency of the process will be taken advantage of, and, besides, special arrangements will be
provided for the fixation of the compounds formed, as they are generally unstable, the nitrogen
becoming again inert after a little lapse of time. Steam is a simple and effective means for fixing
permanently the compounds. The result illustrated makes it practicable to oxidize the atmospheric
nitrogen in unlimited quantities, merely by the use of cheap mechanical power and simple electrical
apparatus. In this manner many compounds of nitrogen may be manufactured all over the world, at a
small cost, and in any desired amount, and by means of these compounds the soil can be fertilized and
its productiveness indefinitely increased. An abundance of cheap and healthful food, not artificial, but
such as we are accustomed to, may thus be obtained. This new and inexhaustible source of
food-supply will be of incalculable benefit to mankind, for it will enormously contribute to the increase of
the human mass, and thus add immensely to human energy. Soon, I hope, the world will see the
beginning of an industry which, in time to come, will, I believe, be in importance next to that if iron.
 

THE SECOND PROBLEM: HOW TO REDUCE THE FORCE RETARDING THE HUMAN MASS--THE
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ART OF TELAUTOMATICS.

As before stated, the force which retards the onward movement of man is partly frictional and partly
negative. To illustrate this distinction I may name, for example, ignorance, stupidity, and imbecility as
some of the purely frictional forces, or resistances devoid of any directive tendency. On the other hand,
visionariness, insanity, self-destructive tendency, religious fanaticism, and the like, are all forces of a
negative character, acting in definite directions. To reduce or entirely overcome these dissimilar
retarding forces, radically different methods must be employed. One knows, for instance, what a fanatic
may do, and one can take preventive measures, can enlighten, convince, and, possibly direct him, turn
his vice into virtue; but one does not know, and never can know, what a brute or an imbecile may do,
and one must deal with him as with a mass, inert, without mind, let loose by the mad elements. A
negative force always implies some quality, not infrequently a high one, though badly directed, which it
is possible to turn to good advantage; but a directionless, frictional force involves unavoidable loss.
Evidently, then, the first and general answer to the above question is: turn all negative force in the right
direction and reduce all frictional force.

There can be no doubt that, of all the frictional resistances, the one that most retards human movement
is ignorance. Not without reason said that man of wisdom, Buddha: "Ignorance is the greatest evil in
the world." The friction which results from ignorance, and which is greatly increased owing to the
numerous languages and nationalities, can be reduced only by the spread of knowledge and the
unification of the heterogeneous elements of humanity. No effort could be better spent. But however
ignorance may have retarded the onward movement of man in times past, it is certain that, nowadays,
negative forces have become of greater importance. Among these there is one of far greater moment
than any other. It is called organized warfare. When we consider the millions of individuals, often the
ablest in mind and body, the flower of humanity, who are compelled to a life of inactivity and
unproductiveness, the immense sums of money daily required for the maintenance of armies and war
apparatus, representing ever so much of human energy, all the effort uselessly spent in the production
of arms and implements of destruction, the loss of life and the fostering of a barbarous spirit, we are
appalled at the inestimable loss to mankind which the existence of these deplorable conditions must
involve. What can we do to combat best this great evil?

Law and order absolutely require the maintenance of organized force. No community can exist and
prosper without rigid discipline. Every country must be able to defend itself, should the necessity arise.
The conditions of to-day are not the result of yesterday, and a radical change cannot be effected
to-morrow. If the nations would at once disarm, it is more than likely that a state of things worse than
war itself would follow. Universal peace is a beautiful dream, but not at once realizable. We have seen
recently that even the nobel effort of the man invested with the greatest worldly power has been
virtually without effect. And no wonder, for the establishment of universal peace is, for the time being, a
physical impossibility. War is a negative force, and cannot be turned in a positive direction without
passing through, the intermediate phases. It is a problem of making a wheel, rotating one way, turn in
the opposite direction without slowing it down, stopping it, and speeding it up again the other way.

It has been argued that the perfection of guns of great destructive power will stop warfare. So I myself
thought for a long time, but now I believe this to be a profound mistake. Such developments will greatly
modify, but not arrest it. On the contrary, I think that every new arm that is invented, every new
departure that is made in this direction, merely invites new talent and skill, engages new effort, offers
new incentive, and so only gives a fresh impetus to further development. Think of the discovery of
gun-powder. Can we conceive of any more radical departure than was effected by this innovation? Let
us imagine ourselves living in that period: would we not have thought then that warfare was at an end,
when the armor of the knight became an object of ridicule, when bodily strength and skill, meaning so
much before, became of comparatively little value? Yet gunpowder did not stop warfare: quite the
opposite--it acted as a most powerful incentive. Nor do I believe that warfare can ever be arrested by
any scientific or ideal development, so long as similar conditions to those prevailing now exist, because
war has itself become a science, and because war involves some of the most sacred sentiments of
which man is capable. In fact, it is doubtful whether men who would not be ready to fight for a high
principle would be good for anything at all. It is not the mind which makes man, nor is it the body; it is
mind and body. Our virtues and our failings are inseparable, like force and matter. When they separate,
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man is no more.

Another argument, which carries considerable force, is frequently made, namely, that war must soon
become impossible be cause the means of defense are outstripping the means of attack. This is only in
accordance with a fundamental law which may be expressed by the statement that it is easier to
destroy than to build. This law defines human capacities and human conditions. Were these such that it
would be easier build than to destroy, man would go on unresisted, creating and accumulating without
limit. Such conditions are not of this earth. A being which could do this would not be a man: it might be
a god. Defense will always have the advantage over attack, but this alone, it seems to me, can never
stop war. By the use of new principles of defense we can render harbors impregnable against attack,
but we cannot by such means prevent two warships meeting in battle on the high sea. And then, if we
follow this idea to its ultimate development, we are led to the conclusion that it would be better for
mankind if attack and defense were just oppositely related; for if every country, even the smallest,
could surround itself with a wall absolutely impenetrable, and could defy the rest of the world, a state of
things would surely be brought on which would be extremely unfavorable to human progress. It is by
abolishing all the barriers which separate nations and countries that civilization is best furthered.

Again, it is contended by some that the advent of the flying-machine must bring on universal peace.
This, too, I believe to be an entirely erroneous view. The flying-machine is certainly coming, and very
soon, but the conditions will remain the same as before. In fact, I see no reason why a ruling power,
like Great Britain, might not govern the air as well as the sea. Without wishing to put myself on record
as a prophet, I do not hesitate to say that the next years will see the establishment of an "air-power,"
and its center may be not far from New York. But, for all that, men will fight on merrily.

The ideal development of the war principle would ultimately lead to the transformation of the whole
energy of war into purely potential, explosive energy, like that of an electrical condenser. In this form
the war-energy could be maintained without effort; it would need to be much smaller in amount, while
incomparably more effective.

As regards the security of a country against foreign invasion, it is interesting to note that it depends
only on the relative, and not the absolute, number of the individuals or magnitude of the forces, and
that, if every country should reduce the war-force in the same ratio, the security would remain
unaltered. An international agreement with the object of reducing to a minimum the war-force which, in
view of the present still imperfect education of the masses, is absolutely indispensable, would,
therefore, seem to be the first rational step to take toward diminishing the force retarding human
movement.

Fortunately, the existing conditions cannot continue indefinitely, for a new element is beginning to
assert itself. A change for the better is eminent, and I shall now endeavor to show what, according to
my ideas, will be the first advance toward the establishment of peaceful relations between nations, and
by what means it will eventually be accomplished.

Let us go back to the early beginning, when the law of the stronger was the only law. The light of
reason was not yet kindled, and the weak was entirely at the mercy of the strong. The weak individual
then began to learn how to defend himself. He made use of a club, stone, spear, sling, or bow and
arrow, and in the course of time, instead of physical strength, intelligence became the chief deciding
factor in the battle. The wild character was gradually softened by the awakening of noble sentiments,
and so, imperceptibly, after ages of continued progress, we have come from the brutal fight of the
unreasoning animal to what we call the "civilized warfare" of to-day, in which the combatants shake
hands, talk in a friendly way, and smoke cigars in the entr'actes, ready to engage again in deadly
conflict at a signal. Let pessimists say what they like, here is an absolute evidence of great and
gratifying advance.

But now, what is the next phase in this evolution? Not peace as yet, by any means. The next change
which should naturally follow from modern developments should be the continuous diminution of the
number of individuals engaged in battle. The apparatus will be one of specifically great power, but only
a few individuals will be required to operate it. This evolution will bring more and more into prominence
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a machine or mechanism with the fewest individuals as an element of warfare, and the absolutely
unavoidable consequence of this will be the abandonment of large, clumsy, slowly moving, and
unmanageable units. Greatest possible speed and maximum rate of energy-delivery by the war
apparatus will be the main object. The loss of life will become smaller and smaller, and finally, the
number of the individuals continuously diminishing, merely machines will meet in a contest without
blood-shed, the nations being simply interested, ambitious spectators. When this happy condition is
realized, peace will be assured. But, no matter to what degree of perfection rapid-fire guns, high-power
cannon, explosive projectiles, torpedo-boats, or other implements of war may be brought, no matter
how destructive they may be made, that condition can never be reached through any such
development. All such implements require men for their operation; men are indispensable parts of the
machinery. Their object is to kill and to destroy. Their power resides in their capacity for doing evil. So
long as men meet in battle, there will be bloodshed. Bloodshed will ever keep up barbarous passion.
To break this fierce spirit, a radical departure must be made, an entirely new principle must be
introduced, something that never existed before in warfare--a principle which will forcibly, unavoidably,
turn the battle into a mere spectacle, a play, a contest without loss of blood. To bring on this result men
must be dispensed with: machine must fight machine. But how accomplish that which seems
impossible? The answer is simple enough: produce a machine capable of acting as though it were part
of a human being--no mere mechanical contrivance, comprising levers, screws, wheels, clutches, and
nothing more, but a machine embodying a higher principle, which will enable it to per form its duties as
though it had intelligence, experience, judgment, a mind! This conclusion is the result of my thoughts
and observations which have extended through virtually my whole life, and I shall now briefly describe
how I came to accomplish that which at first seemed an unrealizable dream.

A long time ago, when I was a boy, I was afflicted with a singular trouble, which seems to have been
due to an extraordinary excitability of the retina. It was the appearance of images which, by their
persistence, marred the vision of real objects and interfered with thought. When a word was said to me,
the image of the object which it designated would appear vividly before my eyes, and many times it
was impossible for me to tell whether the object I saw was real or not. This caused me great discomfort
and anxiety, and I tried hard to free myself of the spell. But for a long time I tried in vain, and it was not,
as I clearly recollect, until I was about twelve years old that I succeeded for the first time, by an effort of
the will, in banishing an image which presented itself. My happiness will never be as complete as it was
then, but, unfortunately (as I thought at that time), the old trouble returned, and with it my anxiety. Here
it was that the observations to which I refer began. I noted, namely, that whenever the image of an
object appeared before my eyes I had seen something that reminded me of it. In the first instances I
thought this to be purely accidental, but soon I convinced myself that it was not so. A visual impression,
consciously or unconsciously received, invariably preceded the appearance of the image. Gradually the
desire arose in me to find out, every time, what caused the images to appear, and the satisfaction of
this desire soon became a necessity. The next observation I made was that, just as these images
followed as a result of something I had seen, so also the thoughts which I conceived were suggested in
like manner. Again, I experienced the same desire to locate the image which caused the thought, and
this search for the original visual impression soon grew to be a second nature. Mt mind became
automatic, as it were, and in the course of years of continued, almost unconscious performance, I
acquired the ability of locating every time and, as a rule, instantly the visual impression which started
the thought. Nor is this all. It was not long before I was aware that also all my movements were
prompted in the same way, and so, searching, observing, and verifying continuously, year by year, I
have, by every thought and every act of mine, demonstrated, and do so daily, to my absolute
satisfaction, that I am an automaton endowed with power of movement, which merely responds to
external stimuli beating upon my sense organs, and thinks and acts and moves accordingly. I
remember only one or two cases in all my life in which I was unable to locate the first impression which
prompted a movement or a thought, or even a dream.

[See Tesla--Man Out of Time photograph section.]

FIG. 2. THE FIRST PRACTICAL TELEAUTOMATON.

A machine having all the bodily or translatory movements and the operations of the interior mechanism controlled from a distance without
wires. The crewless boat shown in the photograph contains its own motive power, propelling and steering machinery, and numerous other
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accessories, all of which are controlled by transmitting from a distance, without wires, electrical oscillations to a circuit carried by the boat
and adjusted to respond only to these oscillations.

With these experiences it was only natural that, long ago, I conceived the idea of constructing an
automaton which would mechanically represent me, and which would respond, as I do myself, but, of
course, in a much more primitive manner, to external influences. Such an automaton evidently had to
have motive power, organs for locomotion, directive organs, and one or more sensitive organs so
adapted as to be excited by external stimuli. This machine would, I reasoned, perform its movements in
the manner of a living being, for it would have all the chief mechanical characteristics or elements of
the same. There was still the capacity for growth, propagation, and, above all, the mind which would be
wanting to make the model complete. But growth was not necessary in this case, since a machine
could be manufactured fullgrown, so to speak. As to the capacity for propagation, it could likewise be
left out of consideration, for in the mechanical model it merely signified a process of manufacture.
Whether the automation be of flesh and bone, or of wood and steel, it mattered little, provided it could
perform all the duties required of it like an intelligent being. To do so, it had to have an element
corresponding to the mind, which would effect the control of all its movements and operations, and
cause it to act, in any unforseen case that might present itself, with knowledge, reason, judgement, and
experience. But this element I could easily embody in it by conveying to it my own intelligence, my own
understanding. So this invention was evolved, and so a new art came into existence, for which the
name "telautomatics" has been suggested, which means the art of controlling the movements and
operations of distant automatons. This principle evidently was applicable to any kind of machine that
moves on land or in the water or in the air. In applying it practically for the first time, I selected a boat
(see Fig. 2). A storage battery placed within it furnished the motive power. The propeller, driven by a
motor, represented the locomotive organs. The rudder, controlled by another motor likewise driven by
the battery, took the place of the directive organs. As to the sensitive organ, obviously the first thought
was to utilize a device responsive to rays of light, like a selenium cell, to represent the human eye. But
upon closer inquiry I found that, owing to experimental and other difficulties, no thoroughly satisfactory
control of the automaton could be effected by light, radiant heat, hertzian radiations, or by rays in
general, that is, disturbances which pass in straight lines through space. One of the reasons was that
any obstacle coming between the operator and the distant automaton would place it beyond his control.
Another reason was that the sensitive device representing the eye would have to be in a definite
position with respect to the distant controlling apparatus, and this necessity would impose great
limitations in the control. Still another and very important reason was that, in using rays, it would be
difficult, if not impossible, to give to the automaton individual features or characteristics distinguishing it
from other machines of this kind. Evidently the automaton should respond only to an individual call, as
a person responds to a name. Such considerations led me to conclude that the sensitive device of the
machine should correspond to the ear rather than the eye of a human being, for in this case its actions
could be controlled irrespective of intervening obstacles, regardless of its position relative to the distant
controlling apparatus, and, last, but not least, it would remain deaf and unresponsive, like a faithful
servant, to all calls but that of its master. Theserequirements made it imperative to use, in the control of
the automaton, instead of light or other rays, waves or disturbances which propagate in all directions
through space, like sound, or which follow a path of least resistance, however curved. I attained the
result aimed at by means of an electric circuit placed within the boat, and adjusted, or "tuned," exactly
to electrical vibrations of the proper kind transmitted to it from a distant "electrical oscillator." This
circuit, in responding, however feebly, to the transmitted vibrations, affected magnets and other
contrivances, through the medium of which were controlled the movements of the propeller and rudder,
and also the operations of numerous other appliances.

By the simple means described the knowledge, experience, judgement--the mind, so to speak--of the
distant operator were embodied in that machine, which was thus enabled to move and to perform all its
operations with reason and intelligence. It behaved just like a blindfolded person obeying directions
received through the ear.

The automatons so far constructed had "borrowed minds," so to speak, as each merely formed part of
the distant operator who conveyed to it his intelligent orders; but this art is only in the beginning. I
purpose to show that, however impossible it may now seem, an automaton may be contrived which will
have its "own mind," and by this I mean that it will be able, independent of any operator, left entirely to
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itself, to perform, in response to external influences affecting its sensitive organs, a great variety of acts
and operations as if it had intelligence. It will be able to follow a course laid out or to obey orders given
far in advance; it will be capable of distinguishing between what it ought and what it ought not to do,
and of making experiences or, otherwise stated, of recording impressions which will definitely affect its
subsequent actions. In fact, I have already conceived such a plan.

Although I evolved this invention many years ago and explained it to my visitors very frequently in my
laboratory demonstrations, it was not until much later, long after I had perfected it, that it became
known, when, naturally enough, it gave rise to much discussion and to sensational reports. But the true
significance of this new art was not grasped by the majority, nor was the great force of the underlying
principle recognized. As nearly as I could judge from the numerous comments which appeared, the
results I had obtained were considered as entirely impossible. Even the few who were disposed to
admit the practicability of the invention saw in it merely an automobile torpedo, which was to be used
for the purpose of blowing up battleships, with doubtful success. The general impression was that I
contemplated simply the steering of such a vessel by means of Hertzian or other rays. There are
torpedoes steered electrically by wires, and there are means of communicating without wires, and the
above was, of course an obvious inference. Had I accomplished nothing more than this, I should have
made a small advance indeed. But the art I have evolved does not contemplate merely the change of
direction of a moving vessel; it affords means of absolutely controlling, in every respect, all the
innumerable translatory movements, as well as the operations of all the internal organs, no matter how
many, of an individualized automaton. Criticisms to the effect that the control of the automaton could be
interfered with were made by people who do not even dream of the wonderful results which can be
accomplished by use of electrical vibrations. The world moves slowly, and new truths are difficult to
see. Certainly, by the use of this principle, an arm for attack as well as defense may be provided, of a
destructiveness all the greater as the principle is applicable to submarine and aërial vessels. There is
virtually no restriction as to the amount of explosive it can carry, or as to the distance at which it can
strike, and failure is almost impossible. But the force of this new principle does not wholly reside in its
destructiveness. Its advent introduces into warfare an element which never existed before--a
fighting-machine without men as a means of attack and defense. The continuous development in this
direction must ultimately make war a mere contest of machines without men and without loss of life--a
condition which would have been impossible without this new departure, and which, in my opinion,
must be reached as preliminary to permanent peace. The future will either bear out or disprove these
views. My ideas on this subject have been put forth with deep conviction, but in a humble spirit.

The establishment of permanent peaceful relations between nations would most effectively reduce the
force retarding the human mass, and would be the best solution of this great human problem. But will
the dream of universal peace ever be realized? Let us hope that it will. When all darkness shall be
dissipated by the light of science, when all nations shall be merged into one, and patriotism shall be
identical with religion, when there shall be one language, one country, one end, then the dream will
have become reality. 
 

THE THIRD PROBLEM: HOW TO INCREASE THE FORCE ACCELERATING THE HUMAN
MASS--THE HARNESSING OF THE SUN'S ENERGY.

Of the three possible solutions of the main problem of increasing human energy, this is by far the most
important to consider, not only because of its intrinsic significance, but also because of its intimate
bearing on all the many elements and conditions which determine the movement of humanity. In order
to proceed systematically, it would be necessary for me to dwell on all those considerations which have
guided me from the outset in my efforts to arrive at a solution, and which have led me, step by step, to
the results I shall now describe. As a preliminary study of the problem an analytical investigation, such
as I have made, of the chief forces which determine the onward movement, would be of advantage,
particularly in conveying an idea of that hypothetical "velocity" which, as explained in the beginning, is a
measure of human energy; but to deal with this specifically here, as I would desire, would lead me far
beyond the scope of the present subject. Suffice it to state that the resultant of all these forces is
always in the direction of reason, which therefore, determines, at any time, the direction of human
movement. This is to say that every effort which is scientifically applied, rational, useful, or practical,
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must be in the direction in which the mass is moving. The practical, rational man, the observer, the man
of business, he who reasons, calculates, or determines in advance, carefully applies his effort so that
when coming into effect it will be in the direction of the movement, making it thus most efficient, and in
this knowledge and ability lies the secret of his success. Every new fact discovered, every new
experience or new element added to our knowledge and entering into the domain of reason, affects the
same and, therefore, changes the direction of movement, which, however, must always take place
along the resultant of all those efforts which, at that time, we designate as reasonable, that is,
self-preserving, useful, profitable, or practical. These efforts concern our daily life, our necessities and
comforts, our work and business, and it is these which drive man onward.

But looking at all this busy world about us, on all this complex mass as it daily throbs and moves, what
is it but an immense clock-work driven by a spring? In the morning, when we rise, we cannot fail to note
that all the objects about us are manufactured by machinery: the water we use is lifted by steam-power;
the trains bring our breakfast from distant localities; the elevators in our dwelling and our office building,
the cars that carry us there, are all driven by power; in all our daily errands, and in our very life-pursuit,
we depend upon it; all the objects we see tell us of it; and when we return to our machine-made
dwelling at night, lest we should forget it, all the material comforts of our home, our cheering stove and
lamp, remind us of how much we depend on power. And when there is an accidental stoppage of the
machinery, when the city is snowbound, or the life sustaining movement otherwise temporarily
arrested, we are affrighted to realize how impossible it would be for us to live the life we live without
motive power. Motive power means work. To increase the force accelerating human movement means,
therefore, to perform more work.

So we find that the three possible solutions of the great problem of increasing human energy are
answered by the three words: food, peace, work. Many a year I have thought and pondered, lost myself
in speculations and theories, considering man as a mass moved by a force, viewing his inexplicable
movement in the light of a mechanical one, and applying the simple principles of mechanics to the
analysis of the same until I arrived at these solutions, only to realize that they were taught to me in my
early childhood. These three words sound the key-notes of the Christian religion. Their scientific
meaning and purpose now clear to me: food to increase the mass, peace to diminish the retarding
force, and work to increase the force accelerating human movement. These are the only three
solutions which are possible of that great problem, and all of them have one object, one end, namely,
to increase human energy. When we recognize this, we cannot help wondering how profoundly wise
and scientific and how immensely practical the Christian religion is, and in what a marked contrast it
stands in this respect to other religions. It is unmistakably the result of practical experiment and
scientific observation which have extended through the ages, while other religions seem to be the
outcome of merely abstract reasoning. Work, untiring effort, useful and accumulative, with periods of
rest and recuperation aiming at higher efficiency, is its chief and ever-recurring command. Thus we are
inspired both by Christianity and Science to do our utmost toward increasing the performance of
mankind. This most important of human problems I shall now specifically consider.
 

THE SOURCE OF HUMAN ENERGY--THE THREE WAYS OF DRAWING ENERGY FROM THE
SUN.

First let us ask: Whence comes all the motive power? What is the spring that drives all? We see the
ocean rise and fall, the rivers flow, the wind, rain, hail, and snow beat on our windows, the trains and
steamers come and go; we here the rattling noise of carriages, the voices from the street; we feel,
smell, and taste; and we think of all this. And all this movement, from the surging of the mighty ocean to
that subtle movement concerned in our thought, has but one common cause. All this energy emanates
from one single center, one single source--the sun. The sun is the spring that drives all. The sun
maintains all human life and supplies all human energy. Another answer we have now found to the
above great question: To increase the force accelerating human movement means to turn to the uses
of man more of the sun's energy. We honor and revere those great men of bygone times whose names
are linked with immortal achievements, who have proved themselves benefactors of humanity--the
religious reformer with his wise maxims of life, the philosopher with his deep truths, the mathematician
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with his formulæ, the physicist with his laws, the discover with his principles and secrets wrested from
nature, the artist with his forms of the beautiful; but who honors him, the greatest of all,--who can tell
the name of him,--who first turned to use the sun's energy to save the effort of a weak fellow-creature?
That was man's first act of scientific philanthropy, and its consequences have been incalculable.

From the very beginning three ways of drawing energy from the sun were open to man. The savage,
when he warmed his frozen limbs at a fire kindled in some way, availed himself of the energy of the sun
stored in the burning material. When he carried a bundle of branches to his cave and burned them
there, he made use of the sun's stored energy transported from one to another locality. When he set
sail to his canoe, he utilized the energy of the sun applied to the atmosphere or the ambient medium.
There can be no doubt that the first is the oldest way. A fire, found accidentally, taught the savage to
appreciate its beneficial heat. He then very likely conceived of the idea of carrying the glowing
members to his abode. Finally he learned to use the force of a swift current of water or air. It is
characteristic of modern development that progress has been effected in the same order. The
utilization of the energy stored in wood or coal, or, generally speaking, fuel, led to the steam-engine.
Next a great stride in advance was made in energy-transportation by the use of electricity, which
permitted the transfer of energy from one locality to another without transporting the material. But as to
the utilization of the energy of the ambient medium, no radical step forward has as yet been made
known.

The ultimate results of development in these three directions are: first, the burning of coal by a cold
process in a battery; second, the efficient utilization of the energy of the ambient medium; and, third the
transmission without wires of electrical energy to any distance. In whatever way these results may be
arrived at, their practical application will necessarily involve an extensive use of iron, and this
invaluable metal will undoubtedly be an essential element in the further development along these three
lines. If we succeed in burning coal by a cold process and thus obtain electrical energy in an efficient
and inexpensive manner, we shall require in many practical uses of this energy electric motors--that is,
iron. If we are successful in deriving energy from the ambient medium, we shall need, both in the
obtainment and utilization of the energy, machinery--again, iron. If we realize the transmission of
electrical energy without wires on an industrial scale, we shall be compelled to use extensively electric
generators--once more, iron. Whatever we may do, iron will probably be the chief means of
accomplishment in the near future, possibly more so than in the past. How long its reign will last is
difficult to tell, for even now aluminium is looming up as a threatening competitor. But for the time
being, next to providing new resources of energy, it is of the greatest importance to making
improvements in the manufacture and utilization of iron. Great advances are possible in these latter
directions, which, if brought about, would enormously increase the useful performance of mankind. 
 

GREAT POSSIBILITIES OFFERED BY IRON FOR INCREASING HUMAN
PERFORMANCE--ENORMOUS WASTE IN IRON MANUFACTURE.

Iron is by far the most important factor in modern progress. It contributes more than any other industrial
product to the force accelerating human movement. So general is the use of this metal, and so
intimately is it connected with all that concerns our life, that it has become as indispensable to us as the
very air we breathe. Its name is synonymous with usefulness. But, however great the influence of iron
may be on the present human development, it does not add to the force urging man onward nearly as
much as it might. First of all, its manufacture as now carried on is connected with an appalling waste of
fuel--that is, waste of energy. Then, again, only a part of all the iron produced is applied for useful
purposes. A good part of it goes to create frictional resistances, while still another large part is the
means of developing negative forces greatly retarding human movement. Thus the negative force of
war is almost wholly represented in iron. It is impossible to estimate with any degree of accuracy the
magnitude of this greatest of all retarding forces, but it is certainly very considerable. If the present
positive impelling force due to all useful applications of iron be represented by ten, for instance, I
should not think it exaggeration to estimate the negative force of war, with due consideration of all its
retarding influences and results, at, say, six. On the basis of this estimate the effective impelling force
of iron in the positive direction would be measured by the difference of these two numbers, which is
four. But if, through the establishment of universal peace, the manufacture of war machinery should
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cease, and all struggle for supremacy between nations should be turned into healthful, ever active and
productive commercial competition, then the positive impelling force due to iron would be measured by
the sum of those two, numbers, which is sixteen--that is, this force would have four times its present
value. This example is, of course, merely intended to give an idea of the immense increase in the
useful performance of mankind which would result from a radical reform of the iron industries supplying
the implements of warfare.

A similar inestimable advantage in the saving of energy available to man would be secured by
obviating the great waste of coal which is inseparably connected with the present methods of
manufacturing iron. In some countries, such as Great Britain, the hurtful effects of this squandering of
fuel are beginning to be felt. The price of coal is constantly rising, and the poor are made to suffer more
and more. Though we are still far from the dreaded "exhaustion of the coal-fields," philanthropy
commands us to invent novel methods of manufacturing iron, which will not involve such barbarous
waste of this valuable material from which we derive at present most of our energy. It is our duty to
coming generations to leave this store of energy intact for them, or at least not to touch it until we shall
have perfected processes for burning coal more efficiently. Those who are coming after us will need
fuel more than we do. We should be able to manufacture the iron we require by using the sun's energy,
without wasting any coal at all. As an effort to this end the idea of smelting iron ores by electric currents
obtained from the energy of falling water has naturally suggested itself to many. I have myself spent
much time in endeavoring to evolve such a practical process, which would enable iron to be
manufactured at small cost. After a prolonged investigation of the subject, finding that it was
unprofitable to use the currents generated directly for smelting the ore, I devised a method which is far
more economical.

ECONOMICAL PRODUCTION OF IRON BY A NEW PROCESS.

The industrial project, as I worked it out six years ago, contemplated the employment of the electric
currents derived from the energy of a waterfall, not directly for smelting the ore, but for decomposing
water for a preliminary step. To lessen the cost of the plant, I proposed to generate the currents in
exceptionally cheap and simple dynamos, which I designed for this sole purpose. The hydrogen
liberated in the electrolytic decomposition was to be burned or recombined with oxygen, not with that
from which it was separated, but with that of the atmosphere. Thus very nearly the total electrical
energy used up in the decomposition of the water would be recovered in the form of heat resulting from
the recombination of the hydrogen. This heat was to be applied to the smelting of ore. The oxygen
gained as a by-product of the decomposition of the water I intended to use for certain other industrial
purposes, which would probably yield good financial returns, inasmuch as this is the cheapest way of
obtaining this gas in large quantities. In any event, it could be employed to burn all kinds of refuse,
cheap hydrocarbon, or coal of the most inferior quality which could not be burned in air or be otherwise
utilized to advantage, and thus again a considerable amount of heat would be made available for the
smelting of the ore. To increase the economy of the process I contemplated, furthermore, using an
arrangement such that the hot metal and the products of combustion, coming out of the furnace, would
give up their heat upon the cold ore going into the furnace, so that comparatively little of the heat
energy would be lost in the smelting. I calculated that probably forty thousand pounds of iron could be
produced per horse-power per annum by this method. Liberal allowances were made for those losses
which are unavoidable, the above quantity being about half of that theoretically obtainable. Relying on
this estimate and on practical data with reference to a certain kind of sand ore existing in abundance in
the region of the Great Lakes, including cost of transportation and labor, I found that in some localities
iron could be manufactured in this manner cheaper than by any of the adopted methods. This result
would be obtained all the more surely if the oxygen obtained from the water, instead of being used for
smelting of ore, as assumed, should be more profitably employed. Any new demand for this gas would
secure a higher revenue from the plant, thus cheapening the iron. This project was advanced merely in
the interest of industry. Some day, I hope, a beautiful industrial butterfly will come out of the dusty and
shriveled chrysalis.

The production of iron from sand ores by a process of magnetic separation is highly commendable in
principle, since it involves no waste of coal; but the usefulness of this method is largely reduced by the
necessity of melting the iron afterward. As to the crushing of iron ore, I would consider it rational only if
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done by water-power, or by energy otherwise obtained without consumption of fuel. An electrolytic cold
process, which would make it possible to extract iron cheaply, and also to mold it into the required
forms without any fuel consumption, would, in my opinion, be a very great advance in iron manufacture.
In common with some other metals, iron has so far resisted electrolytic treatment, but there can be no
doubt that such a cold process will ultimately replace in metallurgy the present crude method of
casting, and thus obviating the enormous waste of fuel necessitated by the repeated heating of metal in
the foundries.

Up to a few decades ago the usefulness of iron was based almost wholly on its remarkable mechanical
properties, but since the advent of the commercial dynamo and electric motor its value to mankind has
been greatly increased by its unique magnetic qualities. As regards the latter, iron has been greatly
improved of late. The signal progress began about thirteen years ago, when I discovered that in using
soft Bessemer steel instead of wrought iron, as then customary, in an alternating motor, the
performance of the machine was doubled. I brought this fact to the attention of Mr. Albert Schmid, to
whose untiring efforts and ability is largely due the supremacy of American electrical machinery, and
who was then superintendent of an industrial corporation engaged in this field. Following my
suggestion, he constructed transformers of steel, and they showed the same marked improvement.
The investigation was then systematically continued under Mr. Schmid's guidance, the impurities being
gradually eliminated from the "steel" (which was only such in name, for in reality it was pure soft iron),
and soon a product resulted which admitted of little further improvement. 
 

THE COMING OF AGE OF ALUMINIUM--DOOM OF THE COPPER INDUSTRY--THE GREAT
CIVILIZING POTENCY OF THE NEW METAL.

With the advances made in iron of late years we have arrived virtually at the limits of improvement. We
cannot hope to increase very materially its tensile strength, elasticity, hardness, or malleability, nor can
we expect to make it much better as regards its magnetic qualities. More recently a notable gain was
secured by the mixture of a small percentage of nickel with the iron, but there is not much room for
further advance in this direction. New discoveries may be expected, but they cannot greatly add to the
valuable properties of the metal, though they may considerably reduce the cost of manufacture. The
immediate future of iron is assured by its cheapness and its unrivaled mechanical and magnetic
qualities. These are such that no other product can compete with it now. But there can be no doubt
that, at a time not very distant, iron, in many of its now uncontested domains, will have to pass the
scepter to another: the coming age will be the age of aluminium. It is only seventy years since this
wonderful metal was discovered by Woehler, and the aluminium industry, scarcely forty years old,
commands already the attention of the entire world. Such rapid growth has not been recorded in the
history of civilization before. Not long ago aluminium was sold at the fanciful price of thirty or forty
dollars per pound; to-day it can be had in any desired amount for as many cents. What is more, the
time is not far off when this price, too, will be considered fanciful, for great improvements are possible
in the methods of its manufacture. Most of the metal is now produced in the electric furnace by a
process combining fusion and electrolysis, which offers a number of advantageous features, but
involves naturally a great waste of the electrical energy of the current. My estimates show that the price
of aluminium could be considerably reduced by adopting in its manufacture a method similar to that
proposed by me for the production of iron. A pound of aluminium requires for fusion only about seventy
per cent. of the heat needed for melting a pound of iron, and inasmuch as its weight is only about one
third of that of the latter, a volume of aluminium four times that of iron could be obtained from a given
amount of heat-energy. But a cold electrolytic process of manufacture is the ideal solution, and on this I
have placed my hope.

The absolutely unavoidable consequence of the advancement of the aluminium industry will be the
annihilation of the copper industry. They cannot exist and prosper to-gether, and the latter is doomed
beyond any hope of recovery. Even now it is cheaper to convey an electric current through aluminium
wires than through copper wires; aluminium castings cost less, and in many domestic and other uses
copper has no chance of successfully competing. A further material reduction of the price of aluminium
cannot but be fatal to copper. But the progress of the former will not go on unchecked, for, as it ever
happens in such cases, the larger industry will absorb the smaller one: the giant copper interests will
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control the pygmy aluminium interests, and the slow-pacing copper will reduce the lively gait of
aluminium. This will only delay, not avoid the impending catastrophe.

Aluminium, however, will not stop at downing copper. Before many years have passed it will be
engaged in a fierce struggle with iron, and in the latter it will find an adversary not easy to conquer. The
issue of the contest will largely depend on whether iron shall be indispensable in electric machinery.
This the future alone can decide. The magnetism as exhibited in iron is an isolated phenomenon in
nature. What it is that makes this metal behave so radically different from all other materials in this
respect has not yet been ascertained, though many theories have been suggested. As regards
magnetism, the molecules of the various bodies behave like hollow beams partly filled with a heavy
fluid and balanced in the middle in the manner of a see-saw. Evidently some disturbing influence exists
in nature which causes each molecule, like such a beam, to tilt either one or the other way. If the
molecules are tilted one way, the body is magnetic; if they are tilted the other way, the body is
non-magnetic; but both positions are stable, as they would be in the case of the hollow beam, owing to
the rush of the fluid to the lower end. Now, the wonderful thing is that the molecules of all known bodies
went one way, while those of iron went the other way. This metal, it would seem, has an origin entirely
different from that of the rest of the globe. It is highly improbable that we shall discover some other and
cheaper material which will equal or surpass iron in magnetic qualities.

Unless we should make a radical departure in the character of the electric currents employed, iron will
be indispensable. Yet the advantages it offers are only apparent. So long as we use feeble magnetic
forces it is by far superior to any other material; but if we find ways of producing great magnetic forces,
than better results will be obtainable without it. In fact, I have already produced electric transformers in
which no iron is employed, and which are capable of performing ten times as much work per pound of
weight as those of iron. This result is attained by using electric currents of a very high rate of vibration,
produced in novel ways, instead of the ordinary currents now employed in the industries. I have also
succeeded in operating electric motors without iron by such rapidly vibrating currents, but the results,
so far, have been inferior to those obtained with ordinary motors constructed of iron, although
theoretically the former should be capable of performing incomparably more work per unit of weight
than the latter. But the seemingly insuperable difficulties which are now in the way may be overcome in
the end, and then iron will be done away with, and all electric machinery will be manufactured of
aluminium, in all probability, at prices ridiculously low. This would be a severe, if not fatal, blow to iron.
In many other branches of industry, as ship-building, or wherever lightness of structure is required, the
progress of the new metal will be much quicker. For such uses it is eminently suitable, and is sure to
supersede iron sooner or later. It is highly probable that in the course of time we shall be able to give it
many of those qualities which make iron so valuable.

While it is impossible to tell when this industrial revolution will be consummated, there can be no doubt
that the future belongs to aluminium, and that in times to come it will be the chief means of increasing
human performance. It has in this respect capacities greater by far than those of any other metal. I
should estimate its civilizing potency at fully one hundred times that of iron. This estimate, though it
may astonish, is not at all exaggerated. First of all, we must remember that there is thirty times as
much aluminium as iron in bulk, available for the uses of man. This in itself offers great possibilities.
Then, again, the new metal is much more easily workable, which adds to its value. In many of its
properties it partakes of the character of a precious metal, which gives it additional worth. Its electric
conductivity, which, for a given weight, is greater than that of any other metal, would be alone sufficient
to make it one of the most important factors in future human progress. Its extreme lightness makes it
far more easy to transport the objects manufactured. By virtue of this property it will revolutionize naval
construction, and in facilitating transport and travel it will add enormously to the useful performance of
mankind. But its greatest civilizing property will be, I believe, in aërial travel, which is sure to be brought
about by means of it. Telegraphic instruments will slowly enlighten the barbarian. Electric motors and
lamps will do it more quickly, but quicker than anything else the flying-machine will do it. By rendering
travel ideally easy it will be the best means for unifying the heterogeneous elements of humanity. As
the first step toward this realization we should produce a lighter storage-battery or get more energy
from coal.
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EFFORTS TOWARD OBTAINING MORE ENERGY FROM COAL--THE ELECTRIC
TRANSMISSION--THE GAS-ENGINE--THE COLD-COAL BATTERY.

I remember that at one time I considered the production of electricity by burning coal in a battery as the
greatest achievement toward the advancing civilization, and I am surprised to find how much the
continuous study of these subjects has modified my views. It now seems to me that to burn coal,
however efficiently, in a battery would be a mere makeshift, a phase in the evolution toward something
much more perfect. After all, in generating electricity in this manner, we should be destroying material,
and this would be a barbarous process. We ought to be able to obtain the energy we need without
consumption of material. But I am far from underrating the value of such an efficient method of burning
fuel. At the present time most motive power comes from coal, and, either directly or by its products, it
adds vastly to human energy. Unfortunately, in all the process now adopted, the larger portion of the
energy of the coal is uselessly dissipated. The best steam-engines utilize only a small part of the total
energy. Even in gas-engines, in which, particularly of late, better results are obtainable, there is still a
barbarous waste going on. In our electric-lighting systems we scarcely utilize one third of one per cent.,
and in lighting by gas a much smaller fraction, of the total energy of the coal. Considering the various
uses of coal throughout the world, we certainly do not utilize more than two per cent. of its energy
theoretically available. The man who should stop this senseless waste would be a great benefactor of
humanity, though the solution he would offer could not be a permanent one, since it would ultimately
lead to the exhaustion of the store of material. Efforts toward obtaining more energy from coal are now
being made chiefly in two directions--by generating electricity and by producing gas for motive-power
purposes. In both of these lines notable success has already been achieved.

The advent of the alternating-current system of electric power-transmission marks an epoch in the
economy of energy available to man from coal. Evidently all electrical energy obtained from a waterfall,
saving so much fuel, is a net gain to mankind, which is all the more effective as it is secured with little
expenditure of human effort, and as this most perfect of all known methods of deriving energy from the
sun contributes in many ways to the advancement of civilization. But electricity enables us also to get
from coal much more energy than was practicable in the old ways. Instead of transporting the coal to
distant places of consumption, we burn it near the mine, develop electricity in the dynamos, and
transmit the current to remote localities, thus effecting a considerable saving. Instead of driving the
machinery in a factory in the old wasteful way of belts and shafting, we generate electricity by
steam-power and operate electric motors. In this manner it is not uncommon to obtain two or three
times as much effective motive power from the fuel, besides securing many other important
advantages. It is in this field as much as in the transmission of energy to great distance that the
alternating system, with its ideally simple machinery, is bringing about an industrial revolution. But in
many lines this progress has not been yet fully felt. For example, steamers and trains are still being
propelled by the direct application of steam-power to shafts or axles. A much greater percentage of the
heat-energy of the fuel could be transformed into motive energy by using, in place of the adopted
marine engines and locomotives, dynamos driven by specially designed high-pressure steam- or
gas-engines and by utilizing the electricity generated for the propulsion. A gain of fifty to one hundred
per cent. in the effective energy derived from the coal could be secured in this manner. It is difficulty to
understand why a fact so plain and obvious is not receiving more attention from engineers. In ocean
steamers such an improvement would be particularly desirable, as it would do away with noise and
increase materially the speed and the carrying capacity of the liners.

Still more energy is now being obtained from coal by the latest improved gas-engine, the economy of
which is, on the average, probably twice that of the best steam-engine. The introduction of the
gas-engine is very much facilitated by the importance of the gas industry. With the increasing use of
the electric light more and more of the gas is utilized for heating and motive-power purposes. In many
instances gas is manufactured close to the coal-mine and conveyed to distant places of consumption, a
considerable saving both in cost of transportation and in utilization of the energy of the fuel being thus
effected. In the present state of the mechanical and electrical arts the most rational way of deriving
energy from coal is evidently to manufacture gas close to the coal store, and to utilize it, either on the
spot or elsewhere, to generate electricity for industrial uses in dynamos driven by gas engines. The
commercial success of such a plant is largely dependent upon the production of gas-engines of great
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nominal horse-power, which, judging from the keen activity in this field will soon be forthcoming.
Instead of consuming coal directly, as usual, gas should be manufactured from it and burned to
economize energy.

But all such improvements cannot be more than passing phases in the evolution toward something far
more perfect, for ultimately we must succeed in obtaining electricity from coal in a more direct way,
involving no great loss of heat-energy. Whether coal can be oxidized by a cold process is still a
question. Its combination with oxygen always involves heat, and whether the energy of the combination
of the carbon with another element can be turned directly into electrical energy has not yet been
determined. Under certain conditions nitric acid will burn the carbon, generating an electric current, but
the solution does not remain cold. Other means of oxidizing coal have been proposed, but they have
offered no promise of leading to an efficient process. My own lack of success has been complete,
though perhaps not quite so complete as that of some who have "perfected" the cold-coal battery. This
problem is essentially one for the chemist to solve. It is not for the physicist, who determines all his
results in advance, so that, when the experiment is tried, it cannot fail. Chemistry, though a positive
science, does not yet admit of a solution by such positive methods as those which are available in the
treatment of many physical problems. The result, if possible, will be arrived at through patent trying
rather than through deduction or calculation. The time will soon come, however, when the chemist will
be able to follow a course clearly mapped out beforehand, and when the process of his arriving at a
desired result will be purely constructive. The cold-coal battery would give a great impetus to electrical
development; it would lead very shortly to a practical flying-machine, and would enormously enhance
the introduction of the automobile. But these and many other problems will be better solved, and in a
more scientific manner, by a light storage battery. 
 

ENERGY FROM THE MEDIUM--THE WINDMILL AND THE SOLAR ENGINE,--MOTIVE POWER
FROM TERRESTRIAL HEAT--ELECTRICITY FROM NATURAL SOURCES.

Besides fuel, there is abundant material from which we might eventually derive power. An immense
amount of energy is locked up in limestone, for instance, and machines can be driven by liberating the
carbonic acid through sulphuric acid or otherwise. I once constructed such an engine, and it operated
satisfactorily.

But, whatever our resources of primary energy may be in the future, we must, to be rational, obtain it
without consumption of any material. Long ago I came to this conclusion, and to arrive at this result
only two ways, as before indicated, appeared possible -- either to turn to use the energy of the sun
stored in the ambient medium, or to transmit, through the medium, the sun's energy to distant places
from some locality where it was obtainable without consumption of material. At that time I at once
rejected the latter method as entirely impracticable, and turned to examine the possibilities of the
former.

It is difficult to believe, but it is, nevertheless, a fact, that since time immemorial man has had at his
disposal a fairly good machine which has enabled him to utilize the energy of the ambient medium.
This machine is the windmill. Contrary to popular belief, the power obtainable from wind is very
considerable. Many a deluded inventor has spent years of his life in endeavoring to "harness the tides,"
and some have even proposed to compress air by tide- or wave-power for supplying energy, never
understanding the signs of the old windmill on the hill, as it sorrowfully waved its arms about and bade
them stop. The fact is that a wave- or tide-motor would have, as a rule, but a small chance of
competing commercially with the windmill, which is by far the better machine, allowing a much greater
amount of energy to be obtained in a simpler way. Wind-power has been, in old times, of inestimable
value to man, if for nothing else but for enabling him, to cross the seas, and it is even now a very
important factor in travel and transportation. But there are great limitations in this ideally simple method
of utilizing the sun's energy. The machines are large for a given output, and the power is intermittent,
thus necessitating the storage of energy and increasing the cost of the plant.

A far better way, however, to obtain power would be to avail ourselves of the sun's rays, which beat the
earth incessantly and supply energy at a maximum rate of over four million horsepower per square
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mile. Although the average energy received per square mile in any locality during the year is only a
small fraction of that amount, yet an inexhaustible source of power would be opened up by the
discovery of some efficient method of utilizing the energy of the rays. The only rational way known to
me at the time when I began the study of this subject was to employ some kind of heat- or
thermodynamic-engine, driven by a volatile fluid evaporate in a boiler by the heat of the rays. But closer
investigation of this method, and calculation, showed that, notwithstanding the apparently vast amount
of energy received from the sun's rays, only a small fraction of that energy could be actually utilized in
this manner. Furthermore, the energy supplied through the sun's radiations is periodical, and the same
limitations as in the use of the windmill I found to exist here also. After a long study of this mode of
obtaining motive power from the sun, taking into account the necessarily large bulk of the boiler, the
low efficiency of the heat-engine, the additional cost of storing the energy and other drawbacks, I came
to the conclusion that the "solar engine," a few instances excepted, could not be industrially exploited
with success.

Another way of getting motive power from the medium without consuming any material would be to
utilize the heat contained in the earth, the water, or the air for driving an engine. It is a well-known fact
that the interior portions of the globe are very hot, the temperature rising, as observations show, with
the approach to the center at the rate of approximately 1 degree C. for every hundred feet of depth.
The difficulties of sinking shafts and placing boilers at depths of, say, twelve thousand feet,
corresponding to an increase in temperature of about 120 degrees C., are not insuperable, and we
could certainly avail ourselves in this way of the internal heat of the globe. In fact, it would not be
necessary to go to any depth at all in order to derive energy from the stored terrestrial heat. The
superficial layers of the earth and the air strata close to the same are at a temperature sufficiently high
to evaporate some extremely volatile substances, which we might use in our boilers instead of water.
There is no doubt that a vessel might be propelled on the ocean by an engine driven by such a volatile
fluid, no other energy being used but the heat abstracted from the water. But the amount of power
which could be obtained in this manner would be, without further provision, very small.

Electricity produced by natural causes is another source of energy which might be rendered available.
Lightning discharges involve great amounts of electrical energy, which we could utilize by transforming
and storing it. Some years ago I made known a method of electrical transformation which renders the
first part of this task easy, but the storing of the energy of lightning discharges will be difficult to
accomplish. It is well known, furthermore, that electric currents circulate constantly through the earth,
and that there exists between the earth and any air stratum a difference of electrical pressure, which
varies in proportion to the height.

In recent experiments I have discovered two novel facts of importance in this connection. One of these
facts is that an electric current is generated in a wire extending from the ground to a great height by the
axial, and probably also by the translatory, movement of the earth. No appreciable current, however,
will flow continuously in the wire unless the electricity is allowed to leak out into the air. Its escape is
greatly facilitated by providing at the elevated end of the wire a conducting terminal of great surface,
with many sharp edges or points. We are thus enabled to get a continuous supply of electrical energy
by merely supporting a wire at a height, but, unfortunately, the amount of electricity which can be so
obtained is small.

The second fact which I have ascertained is that the upper air strata are permanently charged with
electricity opposite to that of the earth. So, at least, I have interpreted my observations, from which it
appears that the earth, with its adjacent insulating and outer conducting envelope, constitutes a highly
charged electrical condenser containing, in all probability, a great amount of electrical energy which
might be turned to the uses of man, if it were possible to reach with a wire to great altitudes.

It is possible, and even probable, that there will be, in time, other resources of energy opened up, of
which we have no knowledge now. We may even find ways of applying forces such as magnetism or
gravity for driving machinery without using any other means. Such realizations, though highly
improbable, are not impossible. An example will best convey an idea of what we can hope to attain and
what we can never attain. Imagine a disk of some homogeneous material turned perfectly true and
arranged to turn in frictionless bearings on a horizontal shaft above the ground. This disk, being under
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the above conditions perfectly balanced, would rest in any position. Now, it is possible that we may
learn how to make such a disk rotate continuously and perform work by the force of gravity without any
further effort on our part; but it is perfectly impossible for the disk to turn and to do work without any
force from the outside. If it could do so, it would be what is designated scientifically as a "perpetuum
mobile," a machine creating its own motive power. To make the disk rotate by the force of gravity we
have only to invent a screen against this force. By such a screen we could prevent this force from
acting on one half of the disk, and the rotation of the latter would follow. At least, we cannot deny such
a possibility until we know exactly the nature of the force of gravity. Suppose that this force were due to
a movement comparable to that of a stream of air passing from above toward the center of the earth.
The effect of such a stream upon both halves of the disk would be equal, and the latter would not rotate
ordinarily; but if one half should be guarded by a plate arresting the movement, then it would turn.
 

A DEPARTURE FROM KNOWN METHODS--POSSIBILITY OF A "SELF-ACTING" ENGINE OR
MACHINE, INANIMATE, YET CAPABLE, LIKE A LIVING BEING, OF DERIVING ENERGY FROM THE
MEDIUM--THE IDEAL WAY OF OBTAINING MOTIVE POWER.

When I began the investigation of the subject under consideration, and when the preceding or similar
ideas presented themselves to me for the first time, though I was then unacquainted with a number of
the facts mentioned, a survey of the various ways of utilizing the energy of the medium convinced me,
nevertheless, that to arrive at a thoroughly satisfactory practical solution a radical departure from the
methods then known had to be made. The windmill, the solar engine, the engine driven by terrestrial
heat, had their limitations in the amount of power obtainable. Some new way had to be discovered
which would enable us to get more energy. There was enough heat-energy in the medium, but only a
small part of it was available for the operation of an engine in the ways then known. Besides, the
energy was obtainable only at a very slow rate. Clearly, then, the problem was to discover some new
method which would make it possible both to utilize more of the heat-energy of the medium and also to
draw it away from the same at a more rapid rate.

I was vainly endeavoring to form an idea of how this might be accomplished, when I read some
statements from Carnot and Lord Kelvin (then Sir William Thomson) which meant virtually that it is
impossible for an inanimate mechanism or self-acting machine to cool a portion of the medium below
the temperature of the surrounding, and operate by the heat abstracted. These statements interested
me intensely. Evidently a living being could do this very thing, and since the experiences of my early
life which I have related had convinced me that a living being is only an automaton, or, otherwise
stated, a "self-acting-engine," I came to the conclusion that it was possible to construct a machine
which would do the same. As the first step toward this realization I conceived the following mechanism.
Imagine a thermopile consisting of a number of bars of metal extending from the earth to the outer
space beyond the atmosphere. The heat from below, conducted upward along these metal bars, would
cool the earth or the sea or the air, according to the location of the lower parts of the bars, and the
result, as is well known, would be an electric current circulating in these bars. The two terminals of the
thermopile could now be joined through an electric motor, and, theoretically, this motor would run on
and on, until the media below would be cooled down to the temperature of the outer space. This would
be an inanimate engine which, to all evidence, would be cooling a portion of the medium below the
temperature of the surrounding, and operating by the heat abstracted.
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DIAGRAM b. OBTAINING ENERGY FROM THE AMBIENT MEDIUM 

A, medium with little energy; B, B, ambient medium with much energy; O, path of the energy.

But was it not possible to realize a similar condition without necessarily going to a height? Conceive, for
the sake of illustration, [a cylindrical] enclosure T, as illustrated in diagram b, such that energy could
not be transferred across it except through a channel or path O, and that, by some means or other, in
this enclosure a medium were maintained which would have little energy, and that on the outer side of
the same there would be the ordinary ambient medium with much energy. Under these assumptions
the energy would flow through the path O, as indicated by the arrow, and might then be converted on
its passage into some other form of energy. The question was, Could such a condition be attained?
Could we produce artificially such a "sink" for the energy of the ambient medium to flow in? Suppose
that an extremely low temperature could be maintained by some process in a given space; the
surrounding medium would then be compelled to give off heat, which could be converted into
mechanical or other form of energy, and utilized. By realizing such a plan, we should be enabled to get
at any point of the globe a continuous supply of energy, day and night. More than this, reasoning in the
abstract, it would seem possible to cause a quick circulation of the medium, and thus draw the energy
at a very rapid rate. 

Here, then, was an idea which, if realizable, afforded a happy solution of the problem of getting energy
from the medium. But was it realizable? I convinced myself that it was so in a number of ways, of which
one is the following. As regards heat, we are at a high level, which may be represented by the surface
of a mountain lake considerably above the sea, the level of which may mark the absolute zero of
temperature existing in the interstellar space. Heat, like water, flows from high to low level, and,
consequently, just as we can let the water of the lake run down to the sea, so we are able to let heat
from the earth's surface travel up into the cold region above. Heat, like water, can perform work in
flowing down, and if we had any doubt as to whether we could derive energy from the medium by
means of a thermopile, as before described, it would be dispelled by this analogue. But can we
produce cold in a given portion of the space and cause the heat to flow in continually? To create such a
"sink," or "cold hole," as we might say, in the medium, would be equivalent to producing in the lake a
space either empty or filled with something much lighter than water. This we could do by placing in the
lake a tank, and pumping all the water out of the latter. We know, then, that the water, if allowed to flow
back into the tank, would, theoretically, be able to perform exactly the same amount of work which was
used in pumping it out, but not a bit more. Consequently nothing could be gained in this double
operation of first raising the water and then letting it fall down. This would mean that it is impossible to
create such a sink in the medium. But let us reflect a moment. Heat, though following certain general
laws of mechanics, like a fluid, is not such; it is energy which may be converted into other forms of
energy as it passes from a high to a low level. To make our mechanical analogy complete and true, we
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must, therefore, assume that the water, in its passage into the tank, is converted into something else,
which may be taken out of it without using any, or by using very little, power. For example, if heat be
represented in this analogue by the water of the lake, the oxygen and hydrogen composing the water
may illustrate other forms of energy into which the heat is transformed in passing from hot to cold. If the
process of heat transformation were absolutely perfect, no heat at all would arrive at the low level,
since all of it would be converted into other forms of energy. Corresponding to this ideal case, all the
water flowing into the tank would be decomposed into oxygen and hydrogen before reaching the
bottom, and the result would be that water would continually flow in, and yet the tank would remain
entirely empty, the gases formed escaping. We would thus produce, by expending initially a certain
amount of work to create a sink for the heat or, respectively, the water to flow in, a condition enabling
us to get any amount of energy without further effort. This would be an ideal way of obtaining motive
power. We do not know of any such absolutely perfect process of heat-conversion, and consequently
some heat will generally reach the low level, which means to say, in our mechanical analogue, that
some water will arrive at the bottom of the tank, and a gradual and slow filling of the latter will take
place, necessitating continuous pumping out. But evidently there will be less to pump out than flows in,
or, in other words, less energy will be needed to maintain the initial condition than is developed by the
fall, and this is to say that some energy will be gained from the medium. What is not converted in
flowing down can just be raised up with its own energy, and what is converted is clear gain. Thus the
virtue of the principle I have discovered resides wholly in the conversion of the energy on the
downward flow.
 

FIRST EFFORTS TO PRODUCE THE SELF-ACTING ENGINE--THE MECHANICAL
OSCILLATOR--WORK OF DEWAR AND LINDE--LIQUID AIR.

Having recognized this truth, I began to devise means for carrying out my idea, and, after long thought,
I finally conceived a combination of apparatus which should make possible the obtaining of power from
the medium by a process of continuous cooling of atmospheric air. This apparatus, by continually
transforming heat into mechanical work, tended to become colder and colder, and if it only were
practicable to reach a very low temperature in this manner, then a sink for the heat could be produced,
and energy could be derived from the medium. This seemed to be contrary to the statements of Carnot
and Lord Kelvin before referred to, but I concluded from the theory of the process that such a result
could be attained. This conclusion I reached, I think, in the latter part of 1883, when I was in Paris, and
it was at a time when my mind was being more and more dominated by an invention which I had
evolved during the preceding year, and which has since become known under the name of the "rotating
magnetic field." During the few years which followed I elaborated further the plan I had imagined, and
studied the working conditions, but made little headway. The commercial introduction in this country of
the invention before referred to required most of my energies until 1889, when I again took up the idea
of the self-acting machine. A closer investigation of the principles involved, and calculation, now
showed that the result I aimed at could not be reached in a practical manner by ordinary machinery, as
I had in the beginning expected. This led me, as a next step, to the study of a type of engine generally
designated as "turbine," which at first seemed to offer better chances for a realization of the idea. Soon
I found, however, that the turbine, too, was unsuitable. But my conclusions showed that if an engine of
a peculiar kind could be brought to a high degree of perfection, the plan I had conceived was
realizable, and I resolved to proceed with the development of such an engine, the primary object of
which was to secure the greatest economy of transformation of heat into mechanical energy. A
characteristic feature of the engine was that the work-performing piston was not connected with
anything else, but was perfectly free to vibrate at an enormous rate. The mechanical difficulties
encountered in the construction of this engine were greater than I had anticipated, and I made slow
progress. This work was continued until early in 1892, when I went to London, where I saw Professor
Dewar's admirable experiments with liquefied gases. Others had liquefied gases before, and notably
Ozlewski and Pictet had performed creditable early experiments in this line, but there was such a vigor
about the work of Dewar that even the old appeared new. His experiments showed, though in a way
different from that I had imagined, that it was possible to reach a very low temperature by transforming
heat into mechanical work, and I returned, deeply impressed with what I had seen, and more than ever
convinced that my plan was practicable. The work temporarily interrupted was taken up anew, and
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soon I had in a fair state of perfection the engine which I have named "the mechanical oscillator." In
this machine I succeeded in doing away with all packings, valves, and lubrication, and in producing so
rapid a vibration of the piston that shafts of tough steel, fastened to the same and vibrated
longitudinally, were torn asunder. By combining this engine with a dynamo of special design I produced
a highly efficient electrical generator, invaluable in measurements and determinations of physical
quantities on account of the unvarying rate of oscillation obtainable by its means. I exhibited several
types of this machine, named "mechanical and electrical oscillator," before the Electrical Congress at
the World's Fair in Chicago during the summer of 1893, in a lecture which, on account of other pressing
work, I was unable to prepare for publication. On that occasion I exposed the principles of the
mechanical oscillator, but the original purpose of this machine is explained here for the first time.

In the process, as I had primarily conceived it, for the utilization of the energy of the ambient medium,
there were five essential elements in combination, and each of these had to be newly designed and
perfected, as no such machines existed. The mechanical oscillator was the first element of this
combination, and having perfected this, I turned to the next, which was an air-compressor of a design
in certain respects resembling that of the mechanical oscillator. Similar difficulties in the construction
were again encountered, but the work was pushed vigorously, and at the close of 1894 I had
completed these two elements of the combination, and thus produced an apparatus for compressing
air, virtually to any desired pressure, incomparably simpler, smaller, and more efficient than the
ordinary. I was just beginning work on the third element, which together with the first two would give a
refrigerating machine of exceptional efficiency and simplicity, when a misfortune befell me in the
burning of my laboratory, which crippled my labors and delayed me. Shortly afterward Dr. Carl Linde
announced the liquefaction of air by a self-cooling process, demonstrating that it was practicable to
proceed with the cooling until liquefaction of the air took place. This was the only experimental proof
which I was still wanting that energy was obtainable from the medium in the manner contemplated by
me.

The liquefaction of air by a self-cooling process was not, as popularly believed, an accidental
discovery, but a scientific result which could not have been delayed much longer, and which, in all
probability, could not have escaped Dewar. This fascinating advance, I believe, is largely due to the
powerful work of this great Scotchman. Nevertheless, Linde's is an immortal achievement. The
manufacture of liquid air has been carried on for four years in Germany, on a scale much larger than in
any other country, and this strange product has been applied for a variety of purposes. Much was
expected of it in the beginning, but so far it has been an industrial ignis fatuus. By the use of such
machinery as I am perfecting, its cost will probably be greatly lessened, but even then its commercial
success will be questionable. When, used as a refrigerant it is uneconomical, as its temperature is
unnecessarily low. It is as expensive to maintain a body at a very low temperature as it is to keep it
very hot; it takes coal to keep air cold. In oxygen manufacture it cannot yet compete with the electrolytic
method. For use as an explosive it is unsuitable, because its low temperature again condemns it to a
small efficiency, and for motive-power purposes its cost is still by far too high. It is of interest to note,
however, that in driving an engine by liquid air a certain amount of energy may be gained from the
engine, or, stated otherwise, from the ambient medium which keeps the engine warm, each two
hundred pounds of iron-casting of the latter contributing energy at the rate of about one effective
horsepower during one hour. But this gain of the consumer is offset by an equal loss of the producer.

Much of this task on which I have labored so long remains to be done. A number of mechanical details
are still to be perfected and some difficulties of a different nature to be mastered, and I cannot hope to
produce a self-acting machine deriving energy from the ambient medium for a long time yet, even if all
my expectations should materialize. Many circumstances have occurred which have retarded my work
of late, but for several reasons the delay was beneficial.

One of these reasons was that I had ample time to consider what the ultimate possibilities of this
development might be. I worked for a long time fully convinced that the practical realization of this
method of obtaining energy from the sun would be of incalculable industrial value, but the continued
study of the subject revealed the fact that while it will be commercially profitable if my expectations are
well founded, it will not be so to an extraordinary degree. 
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DISCOVERY OF UNEXPECTED PROPERTIES OF THE ATMOSPHERE--STRANGE
EXPERIMENTS--TRANSMISSION OF ELECTRICAL ENERGY THROUGH ONE WIRE WITHOUT
RETURN--TRANSMISSION THROUGH THE EARTH WITHOUT ANY WIRE.

Another of these reasons was that I was led to recognize the transmission of electrical energy to any
distance through the media as by far the best solution of the great problem of harnessing the sun's
energy for the uses of man. For a long time I was convinced that such a transmission on an industrial
scale, could never be realized, but a discovery which I made changed my view. I observed that under
certain conditions the atmosphere, which is normally a high insulator, assumes conducting properties,
and so becomes capable of conveying any amount of electrical energy. But the difficulties in the way of
a practical utilization of this discovery for the purpose of transmitting electrical energy without wires
were seemingly insuperable. Electrical pressures of many millions of volts had to be produced and
handled; generating apparatus of a novel kind, capable of withstanding the immense electrical
stresses, had to be invented and perfected, and a complete safety against the dangers of the
high-tension currents had to be attained in the system before its practical introduction could be even
thought of. All this could not be done in a few weeks or months, or even years. The work required
patience and constant application, but the improvements came, though slowly. Other valuable results
were, however, arrived at in the course of this long-continued work, of which I shall endeavor to give a
brief account, enumerating the chief advances as they were successively effected.

The discovery of the conducting properties of the air, though unexpected, was only a natural result of
experiments in a special field which I had carried on for some years before. It was, I believe, during
1889 that certain possibilities offered by extremely rapid electrical oscillations determined me to design
a number of special machines adapted for their investigation. Owing to the peculiar requirements, the
construction of these machines was very difficult, and consumed much time and effort; but my work on
them was generously rewarded, for I reached by their means several novel and important results. One
of the earliest observations I made with these new machines was that electrical oscillations of an
extremely high rate act in an extraordinary manner upon the human organism. Thus, for instance, I
demonstrated that powerful electrical discharges of several hundred thousand volts, which at that time
were considered absolutely deadly, could be passed through the body without inconvenience or hurtful
consequences. These oscillations produced other specific physiological effects, which, upon my
announcement, were eagerly taken up by skilled physicians and further investigated. This new field has
proved itself fruitful beyond expectation, and in the few years which have passed since, it has been
developed to such an extent that it now forms a legitimate and important department of medical
science. Many results, thought impossible at that time, are now readily obtainable with these
oscillations, and many experiments undreamed of then can now be readily performed by their means. I
still remember with pleasure how, nine years ago, I passed the discharge of a powerful induction-coil
through my body to demonstrate before a scientific society the comparative harmlessness of very
rapidly vibrating electric currents, and I can still recall the astonishment of my audience. I would now
undertake, with much less apprehension that I had in that experiment, to transmit through my body with
such currents the entire electrical energy of the dynamos now working at Niagara--forty or fifty
thousand horse-power. I have produced electrical oscillations which were of such intensity that when
circulating through my arms and chest they have melted wires which joined my hands, and still I felt no
inconvenience. I have energized with such oscillations a loop of heavy copper wire so powerfully that
masses of metal, and even objects of an electrical resistance specifically greater than that of human
tissue brought close to or placed within the loop, were heated to a high temperature and melted, often
with the violence of an explosion, and yet into this very space in which this terribly-destructive turmoil
was going on I have repeatedly thrust my head without feeling anything or experiencing injurious
after-effects.

Another observation was that by means of such oscillations light could be produced in a novel and
more economical manner, which promised to lead to an ideal system of electric illumination by
vacuum-tubes, dispensing with the necessity of renewal of lamps or incandescent filaments, and
possibly also with the use of wires in the interior of buildings. The efficiency of this light increases in
proportion to the rate of the oscillations, and its commercial success is, therefore, dependent on the
economical production of electrical vibrations of transcending rates. In this direction I have met with
gratifying success of late, and the practical introduction of this new system of illumination is not far off.
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The investigations led to many other valuable observations and results, one of the more important of
which was the demonstration of the practicability of supplying electrical energy through one wire
without return. At first I was able to transmit in this novel manner only very small amounts of electrical
energy, but in this line also my efforts have been rewarded with similar success.

[See Nikola Tesla: Colorado Springs Notes, page 360, Photograph XXVIII.] 

FIG. 3. EXPERIMENT TO ILLUSTRATE THE SUPPLYING OF ELECTRICAL ENERGY THROUGH A
SINGLE WIRE WITHOUT RETURN

An ordinary incandescent lamp, connected with one or both of its terminals to the wire forming the upper free end of the coil shown in the
photograph, is lighted by electrical vibrations conveyed to it through the coil from an electrical oscillator, which is worked only to one fifth
of one per cent. of its full capacity.

The photograph shown in Fig. 3 illustrates, as its title explains, an actual transmission of this kind
effected with apparatus used in other experiments here described. To what a degree the appliances
have been perfected since my first demonstrations early in 1891 before a scientific society, when my
apparatus was barely capable of lighting one lamp (which result was considered wonderful), will appear
when I state that I have now no difficulty in lighting in this manner four or five hundred lamps, and could
light many more. In fact, there is no limit to the amount of energy which may in this way be supplied to
operate any kind of electrical device.

[See Nikola Tesla: Colorado Springs Notes, page 354, Photograph XXVI.]

FIG. 4. EXPERIMENT TO ILLUSTRATE THE TRANSMISSION OF ELECTRICAL ENERGY
THROUGH THE EARTH WITHOUT WIRE.

The coil shown in the photograph has its lower end or terminal connected to the ground, and is exactly attuned to the vibrations of a
distant electrical oscillator. The lamp lighted is in an independent wire loop, energized by induction from the coil excited by the electrical
vibrations transmitted to it through the ground from the oscillator, which is worked only to five per cent. of its full capacity.

After demonstrating the practicability of this method of transmission, the thought naturally occurred to
me to use the earth as a conductor, thus dispensing with all wires. Whatever electricity may be, it is a
fact that it behaves like an incompressible fluid, and the earth may be looked upon as an immense
reservoir of electricity, which, I thought, could be disturbed effectively by a properly designed electrical
machine. Accordingly, my next efforts were directed toward perfecting a special apparatus which would
be highly effective in creating a disturbance of electricity in the earth. The progress in this new direction
was necessarily very slow and the work discouraging, until I finally succeeded in perfecting a novel kind
of transformer or induction-coil, particularly suited for this special purpose. That it is practicable, in this
manner, not only to transmit minute amounts of electrical energy for operating delicate electrical
devices, as I contemplated at first, but also electrical energy in appreciable quantities, will appear from
an inspection of Fig. 4, which illustrates an actual experiment of this kind performed with the same
apparatus. The result obtained was all the more remarkable as the top end of the coil was not
connected to a wire or plate for magnifying the effect. 

"WIRELESS" TELEGRAPHY--THE SECRET OF TUNING--ERRORS IN THE HERTZIAN
INVESTIGATIONS--A RECEIVER OF WONDERFUL SENSITIVENESS.

As the first valuable result of my experiments in this latter line a system of telegraphy without wires
resulted, which I described in two scientific lectures in February and March, 1893. It is mechanically
illustrated in diagram c, the upper part of which shows the electrical arrangement as I described it then,
while the lower part illustrates its mechanical analogue. The system is extremely simple in principle.
Imagine two tuning-forks F, F1, one at the sending- and the other at the receiving-station respectively,
each having attached to its lower prong a minute piston p, fitting in a cylinder. Both the cylinders
communicate with a large reservoir R, with elastic walls, which is supposed to be closed and filled with
a light and incompressible fluid. By striking repeatedly one of the prongs of the tuning-fork F, the small
piston p below would be vibrated, and its vibrations, transmitted through the fluid, would reach the
distant fork F1, which is "tuned" to the fork F, or, stated otherwise, of exactly the same note as the
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latter. The fork F1 would now be set vibrating, and its vibration would be intensified by the continued
action of the distant fork F until its upper prong, swinging far out, would make an electrical connection
with a stationary contact c'', starting in this manner some electrical or other appliances which may be
used for recording the signals. In this simple way messages could be exchanged between the two
stations, a similar contact c' being provided for this purpose, close to the upper prong of the fork F, so
that the apparatus at each station could be employed in turn as receiver and transmitter. 

DIAGRAM c. "WIRELESS" TELEGRAPHY MECHANICALLY ILLUSTRATED. 

The electrical system illustrated in the upper figure of diagram c is exactly the same in principle, the two
wires or circuits ESP and E1S1P1, which extend vertically to a height, representing the two tuning-forks
with the pistons attached to them. These circuits are connected with the ground by plates E, E1, and to
two elevated metal sheets P, P1, which store electricity and thus magnify considerably the effect. The
closed reservoir R, with elastic walls, is in this case replaced by the earth, and the fluid by electricity.
Both of these circuits are "tuned" and operate just like the two tuning-forks. Instead of striking the fork F
at the sending-station, electrical oscillations are produced in the vertical sending- or transmitting-wire
ESP, as by the action of a source S, included in this wire, which spread through the ground and reach
the distant vertical receiving-wire E1S1P1, exciting corresponding electrical oscillations in the same. In
the latter wire or circuit is included a sensitive device or receiver S1, which is thus set in action and
made to operate a relay or other appliance. Each station is, of course, provided both with a source of
electrical oscillations S and a sensitive receiver S1, and a simple provision is made for using each of
the two wires alternately to send and to receive the messages. 

[See Nikola Tesla: Colorado Springs Notes, page 326, Photograph V.] 

FIG. 5. PHOTOGRAPHIC VIEW OF THE COILS RESPONDING TO ELECTRICAL OSCILLATIONS.

The picture shows a number of coils , differently attuned and responding to the vibrations transmitted to them through the earth from an
electrical oscillator. The large coil on the right, discharging strongly, is tuned to the fundamental vibration, which is fifty thousand per
second; the two larger vertical coils to twice that number; the smaller white wire coil to four times that number, and the remaining small
coils to higher tones. The vibrations produced by the oscillator were so intense that they affected perceptibly a small coil tuned to the
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twenty-sixth higher tone.

The exact attunement of the two circuits secures great advantages, and, in fact, it is essential in the
practical use of the system. In this respect many popular errors exist, and, as a rule, in the technical
reports on this subject circuits and appliances are described as affording these advantages when from
their very nature it is evident that this is impossible. In order to attain the best results it is essential that
the length of each wire or circuit, from the ground connection to the top, should be equal to one quarter
of the wave-length of the electrical vibration in the wire, or else equal to that length multiplied by an odd
number. Without the observation of this rule it is virtually impossible to prevent the interference and
insure the privacy of messages. Therein lies the secret of tuning. To obtain the most satisfactory results
it is, however, necessary to resort to electrical vibrations of low pitch. The Hertzian spark apparatus,
used generally by experimenters, which produces oscillations of a very high rate, permits no effective
tuning, and slight disturbances are sufficient to render an exchange of messages impracticable. But
scientifically designed, efficient appliances allow nearly perfect adjustment. An experiment performed
with the improved apparatus repeatedly referred to, and intended to convey an idea of this feature, is
illustrated in Fig. 5, which is sufficiently explained by its note. 

Since I described these simple principles of telegraphy without wires I have had frequent occasion to
note that the identical features and elements have been used, in the evident belief that the signals are
being transmitted to considerable distance by "Hertzian" radiations. This is only one of many
misapprehensions to which the investigations of the lamented physicist have given rise. About
thirty-three years ago Maxwell, following up a suggestive experiment made by Faraday in 1845,
evolved an ideally simple theory which intimately connected light, radiant heat, and electrical
phenomena, interpreting them as being all due to vibrations of a hypothetical fluid of inconceivable
tenuity, called the ether. No experimental verification was arrived at until Hertz, at the suggestion of
Helmholtz, undertook a series of experiments to this effect. Hertz proceeded with extraordinary
ingenuity and insight, but devoted little energy to the perfection of his old-fashioned apparatus. The
consequence was that he failed to observe the important function which the air played in his
experiments, and which I subsequently discovered. Repeating his experiments and reaching different
results, I ventured to point out this oversight. The strength of the proofs brought forward by Hertz in
support of Maxwell's theory resided in the correct estimate of the rates of vibration of the circuits he
used. But I ascertained that he could not have obtained the rates he thought he was getting. The
vibrations with identical apparatus he employed are, as a rule, much slower, this being due to the
presence of air, which produces a dampening effect upon a rapidly vibrating electric circuit of high
pressure, as a fluid does upon a vibrating tuning-fork. I have, however, discovered since that time other
causes of error, and I have long ago ceased to look upon his results as being an experimental
verification of the poetical conceptions of Maxwell. The work of the great German physicist has acted
as an immense stimulus to contemporary electrical research, but it has likewise, in a measure, by its
fascination, paralyzed the scientific mind, and thus hampered independent inquiry. Every new
phenomenon which was discovered was made to fit the theory, and so very often the truth has been
unconsciously distorted. 

When I advanced this system of telegraphy, my mind was dominated by the idea of effecting
communication to any distance through the earth or environing medium, the practical consummation of
which I considered of transcendent importance, chiefly on account of the moral effect which it could not
fail to produce universally. As the first effort to this end I proposed at that time, to employ relay-stations
with tuned circuits, in the hope of making thus practicable signaling over vast distances, even with
apparatus of very moderate power then at my command. I was confident, however, that with properly
designed machinery signals could be transmitted to any point of the globe, no matter what the distance,
without the necessity of using such intermediate stations. I gained this conviction through the discovery
of a singular electrical phenomenon, which I described early in 1892, in lectures I delivered before
some scientific societies abroad, and which I have called a "rotating brush." This is a bundle of light
which is formed, under certain conditions, in a vacuum-bulb, and which is of a sensitiveness to
magnetic and electric influences bordering, so to speak, on the supernatural. This light-bundle is rapidly
rotated by the earth's magnetism as many as twenty thousand times pre second, the rotation in these
parts being opposite to what it would be in the southern hemisphere, while in the region of the magnetic
equator it should not rotate at all. In its most sensitive state, which is difficult to obtain, it is responsive
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to electric or magnetic influences to an incredible de gree. The mere stiffening of the muscles of the
arm and consequent slight electrical change in the body of an observer standing at some distance from
it, will perceptibly affect it. When in this highly sensitive state it is capable of indicating the slightest
magnetic and electric changes taking place in the earth. The observation of this wonderful
phenomenon impressed me strongly that communication at any distance could be easily effected by its
means, provided that apparatus could be perfected capable of producing an electric or magnetic
change of state, however small, in the terrestrial globe or environing medium.

DEVELOPMENT OF A NEW PRINCIPLE--THE ELECTRICAL OSCILLATOR--PRODUCTION OF
IMMENSE ELECTRICAL MOVEMENTS--THE EARTH RESPONDS TO MAN--INTERPLANETARY
COMMUNICATION NOW PROBABLE.

I resolved to concentrate my efforts upon this venturesome task, though it involved great sacrifice, for
the difficulties to be mastered were such that I could hope to consummate it only after years of labor. It
meant delay of other work to which I would have preferred to devote myself, but I gained the conviction
that my energies could not be more usefully employed; for I recognized that an efficient apparatus for,
the production of powerful electrical oscillations, as was needed for that specific purpose, was the key
to the solution of other most important electrical and, in fact, human problems. Not only was
communication, to any distance, without wires possible by its means, but, likewise, the transmission of
energy in great amounts, the burning of the atmospheric nitrogen, the production of an efficient
illuminant, and many other results of inestimable scientific and industrial value. Finally, however, I had
the satisfaction of accomplishing the task undertaken by the use of a new principle, the virtue of which
is based on the marvelous properties of the electrical condenser. One of these is that it can discharge
or explode its stored energy in an inconceivably short time. Owing to this it is unequaled in explosive
violence. The explosion of dynamite is only the breath of a consumptive compared with its discharge. It
is the means of producing the strongest current, the highest electrical pressure, the greatest
commotion in the medium. Another of its properties, equally valuable, is that its discharge may vibrate
at any rate desired up to many millions per second. 

[See Nikola Tesla: Colorado Springs Notes, page 324, Photograph III.] 

FIG. 6. PHOTOGRAPHIC VIEW OF THE ESSENTIAL PARTS OF THE ELECTRICAL OSCILLATOR
USED IN THE EXPERIMENTS DESCRIBED 

I had arrived at the limit of rates obtainable in other ways when the happy idea presented itself to me to
resort to the condenser. I arranged such an instrument so as to be charged and discharged alternately
in rapid succession through a coil with a few turns of stout wire, forming the primary of a transformer or
induction-coil. Each time the condenser was discharged the current would quiver in the primary wire
and induce corresponding oscillations in the secondary. Thus a transformer or induction-coil on new
principles was evolved, which I have called "the electrical oscillator," partaking of those unique qualities
which characterize the condenser, and enabling results to be attained impossible by other means.
Electrical effects of any desired character and of intensities undreamed of before are now easily
producible by perfected apparatus of this kind, to which frequent reference has been made, and the
essential parts of which are shown in Fig. 6. For certain purposes a strong inductive effect is required;
for others the greatest possible suddenness; for others again, an exceptionally high rate of vibration or
extreme pressure; while for certain other objects immense electrical movements are necessary. The
photographs in Figs. 7, 8, 9, and 10, of experiments performed with such an oscillator, may serve to
illustrate some of these features and convey an idea of the magnitude of the effects actually produced.
The completeness of the titles of the figures referred to makes a further description of them
unnecessary. 

[See Nikola Tesla: Colorado Springs Notes, page 344, Photograph XVII.] 

FIG. 7. EXPERIMENT TO ILLUSTRATE AN INDUCTIVE EFFECT OF AN ELECTRICAL
OSCILLATOR OF GREAT POWER.

The photograph shows three ordinary incandescent lamps lighted to full candle-power by currents induced in a local loop consisting of a
single wire forming a square of fifty feet each side, which includes the lamps, and which is at a distance of one hundred feet from the
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primary circuit energized by the oscillator. The loop likewise includes an electrical condenser, and is exactly attuned to the vibrations of
the oscillator, which is worked at less than five percent of its total capacity.

[See Nikola Tesla: Colorado Springs Notes, page 335, Photograph XI.] 

FIG. 8. EXPERIMENT TO ILLUSTRATE THE CAPACITY OF THE OSCILLATOR FOR PRODUCING
ELECTRICAL EXPLOSIONS OF GREAT POWER.

Note to Fig. 8.--The coil, partly shown in the photograph, creates an alternative movement of electricity from the earth into a large
reservoir and back at a rate of one hundred thousand alternations per second. The adjustments are such that the reservoir is fulled full
and bursts at each alternation just at the moment when the electrical pressure reaches the maximum. The discharge escapes with a
deafening noise, striking an unconnected coil twenty-two feet away, and creating such a commotion of electricity in the earth that sparks
an inch long can be drawn from a water main at a distance of three hundred feet from the laboratory.

[See Nikola Tesla: Colorado Springs Notes, page 390, Photograph LXII.]

FIG. 9. EXPERIMENT TO ILLUSTRATE THE CAPACITY ON THE OSCILLATOR FOR CREATING A
GREAT ELECTRICAL MOVEMENT.

The ball shown in the photograph, covered with a polished metallic coating of twenty square feet of surface, represents a large reservoir
of electricity, and the inverted tin pan underneath, with a sharp rim, a big opening through which the electricity can escape before filling
the reservoir. The quantity of electricity set in movement is so great that, although most of it escapes through the rim of the pan or
opening provided, the ball or reservoir is nevertheless alternately emptied and filled to over-flowing (as is evident from the discharge
escaping on the top of the ball) one hundred and fifty thousand times per second.

[See Nikola Tesla: Colorado Springs Notes, page 332, Photograph IX.] 

FIG. 10. PHOTOGRAPHIC VIEW OF AN EXPERIMENT TO ILLUSTRATE AN EFFECT OF AN
ELECTRICAL OSCILLATOR DELIVERING ENERGY AT A RATE OF SEVENTY-FIVE THOUSAND
HORSE-POWER.

The discharge, creating a strong draft owing to the heating of the air, is carried upward through the open roof of the building. The greatest
width across is nearly seventy feet. The pressure is over twelve million volts, and the current alternates one hundred and thirty thousand
times per second.

However extraordinary the results shown may appear, they are but trifling compared with those which
are attainable by apparatus designed on these same principles. I have produced electrical discharges
the actual path of which, from end to end, was probably more than one hundred feet long; but it would
not be difficult to reach lengths one hundred times as great. I have produced electrical movements
occurring at the rate of approximately one hundred thousand horse-power, but rates of one, five, or ten
million horse-power are easily practicable. In these experiments effects were developed incomparably
greater than any ever produced by human agencies, and yet these results are but an embryo of what is
to be.

That communication without wires to any point of the globe is practicable with such apparatus would
need no demonstration, but through a discovery which I made I obtained absolute certitude. Popularly
explained, it is exactly this: When we raise the voice and hear an echo in reply, we know that the sound
of the voice must have reached a distant wall, or boundary, and must have been reflected from the
same. Exactly as the sound, so an electrical wave is reflected, and the same evidence which is
afforded by an echo is offered by an electrical phenomenon known as a "stationary" wave--that is, a
wave with fixed nodal and ventral regions. Instead of sending sound-vibrations toward a distant wall, I
have sent electrical vibrations toward the remote boundaries of the earth, and instead of the wall the
earth has replied. In place of an echo I have obtained a stationary electrical wave, a wave reflected
from afar.

Stationary waves in the earth mean something more than mere telegraphy without wires to any
distance. They will enable us to attain many important specific results impossible otherwise. For
instance, by their use we may produce at will, from a sending-station, an electrical effect in any
particular region of the globe; we may determine the relative position or course of a moving object,
such as a vessel at sea, the distance traversed by the same, or its speed; or we may send over the
earth a wave of electricity traveling at any rate we desire, from the pace of a turtle up to lightning
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speed.

With these developments we have every reason to anticipate that in a time not very distant most
telegraphic messages across the oceans will be transmitted without cables. For short distances we
need a "wireless" telephone, which requires no expert operators. The greater the spaces to be bridged,
the more rational becomes communication without wires. The cable is not only an easily damaged and
costly instrument, but it limits us in the speed of transmission by reason of a certain electrical property
inseparable from its construction. A properly designed plant for effecting communication without wires
ought to have many times the working capacity of a cable, while it will involve incomparably less
expense. Not a long time will pass, I believe, before communication by cable will become obsolete, for
not only will signaling by this new method be quicker and cheaper, but also much safer. By using some
new means for isolating the messages which I have contrived, an almost perfect privacy can be
secured.

I have observed the above effects so far only up to a limited distance of about six hundred miles, but
inasmuch as there is virtually no limit to the power of the vibrations producible with such an oscillator, I
feel quite confident of the success of such a plant for effecting transoceanic communication. Nor is this
all. My measurements and calculations have shown that it is perfectly practicable to produce on our
globe, by the use of these principles, an electrical movement of such magnitude that, without the
slightest doubt, its effect will be perceptible on some of our nearer planets, as Venus and Mars. Thus
from mere possibility interplanetary communication has entered the stage of probability. In fact, that we
can produce a distinct effect on one of these planets in this novel manner, namely, by disturbing the
electrical condition of the earth, is beyond any doubt. This way of effecting such communication is,
however, essentially different from all others which have so far been proposed by scientific men. In all
the previous instances only a minute fraction of the total energy reaching the planet--as much as it
would be possible to concentrate in a reflector--could be utilized by the supposed observer in his
instrument. But by the means I have developed he would be enabled to concentrate the larger portion
of the entire energy transmitted to the planet in his instrument, and the chances of affecting the latter
are thereby increased many millionfold.

Besides machinery for producing vibrations of the required power, we must have delicate means
capable of revealing the effects of feeble influences exerted upon the earth. For such purposes, too, I
have perfected new methods. By their use we shall likewise be able, among other things, to detect at
considerable distance the presence of an iceberg or other object at sea. By their use, also, I have
discovered some terrestrial phenomena still unexplained. That we can send a message to a planet is
certain, that we can get an answer is probable: man is not the only being in the Infinite gifted with a
mind.

TRANSMISSION OF ELECTRICAL ENERGY TO ANY DISTANCE WITHOUT WIRES--NOW
PRACTICABLE--THE BEST MEANS OF INCREASING THE FORCE ACCELERATING THE HUMAN
MASS.

The most valuable observation made in the course of these investigations was the extraordinary
behavior of the atmosphere toward electric impulses of excessive electromotive force. The experiments
showed that the air at the ordinary pressure became distinctly conducting, and this opened up the
wonderful prospect of transmitting large amounts of electrical energy for industrial purposes to great
distances without wires, a possibility which, up to that time, was thought of only as a scientific dream.
Further investigation revealed the important fact that the conductivity imparted to the air by these
electrical impulses of many millions of volts increased very rapidly with the degree of rarefaction, so
that air strata at very moderate altitudes, which are easily accessible, offer, to all experimental
evidence, a perfect conducting path, better than a copper wire, for currents of this character.

Thus the discovery of these new properties of the atmosphere not only opened up the possibility of
transmitting, without wires, energy in large amounts, but, what was still more significant, it afforded the
certitude that energy could be transmitted in this manner economically. In this new system it matters
little--in fact, almost nothing--whether the transmission is effected at a distance of a few miles or of a
few thousand miles.
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While I have not, as yet, actually effected a transmission of a considerable amount of energy, such as
would be of industrial importance, to a great distance by this new method, I have operated several
model plants under exactly the same conditions which will exist in a large plant of this kind, and the
practicability of the system is thoroughly demonstrated. The experiments have shown conclusively that,
with two terminals maintained at an elevation of not more than thirty thousand to thirty-five thousand
feet above sea-level, and with an electrical pressure of fifteen to twenty million volts, the energy of
thousands of horse-power can be transmitted over distances which may be hundreds and, if
necessary, thousands of miles. I am hopeful, however, that I may be able to reduce very considerably
the elevation of the terminals now required, and with this object I am following up an idea which
promises such a realization. There is, of course, a popular prejudice against using an electrical
pressure of millions of volts, which may cause sparks to fly at distances of hundreds of feet, but,
paradoxical as it may seem, the system, as I have described it in a technical publication, offers greater
personal safety than most of the ordinary distribution circuits now used in the cities. This is, in a
measure, borne out by the fact that, although I have carried on such experiments for a number of
years, no injury has been sustained either by me or any of my assistants.

But to enable a practical introduction of the system, a number of essential requirements are still to be
fulfilled. It is not enough to develop appliances by means of which such a transmission can be effected.
The machinery must be such as to allow the transformation and transmission, of electrical energy
under highly economic and practical conditions. Furthermore, an inducement must be offered to those
who are engaged in the industrial exploitation of natural sources of power, as waterfalls, by
guaranteeing greater returns on the capital invested than they can secure by local development of the
property.

From that moment when it was observed that, contrary to the established opinion, low and easily
accessible strata of the atmosphere are capable of conducting electricity, the transmission of electrical
energy without wires has become a rational task of the engineer, and one surpassing all others in
importance. Its practical consummation would mean that energy would be available for the uses of man
at any point of the globe, not in small amounts such as might be derived from the ambient medium by
suitable machinery, but in quantities virtually unlimited, from waterfalls. Export of power would then
become the chief source of income for many happily situated countries, as the United States, Canada,
Central and South America, Switzerland, and Sweden. Men could settle down everywhere, fertilize and
irrigate the soil with little effort, and convert barren deserts into gardens, and thus the entire globe could
be transformed and made a fitter abode for mankind. It is highly probable that if there are intelligent
beings on Mars they have long ago realized this very idea, which would explain the changes on its
surface noted by astronomers. The atmosphere on that planet, being of considerably smaller density
than that of the earth, would make the task much more easy.

It is probable that we shall soon have a self-acting heat-engine capable of deriving moderate amounts
of energy from the ambient medium. There is also a possibility--though a small one--that we may obtain
electrical energy direct from the sun. This might be the case if the Maxwellian theory is true, according
to which electrical vibrations of all rates should emanate from the sun. I am still investigating this
subject. Sir William Crookes has shown in his beautiful invention known as the "radiometer" that rays
may produce by impact a mechanical effect, and this may lead to some important revelation as to the
utilization of the sun's rays in novel ways. Other sources of energy may be opened up, and new
methods of deriving energy from the sun discovered, but none of these or similar achievements would
equal in importance the transmission of power to any distance through the medium. I can conceive of
no technical advance which would tend to unite the various elements of humanity more effectively than
this one, or of one which would more add to and more economize human energy. It would be the best
means of increasing the force accelerating the human mass. The mere moral influence of such a
radical departure would be incalculable. On the other hand if at any point of the globe energy can be
obtained in limited quantities from the ambient medium by means of a self-acting heat-engine or
otherwise, the conditions will remain the same as before. Human performance will be increased, but
men will remain strangers as they were.

I anticipate that any, unprepared for these results, which, through long familiarity, appear to me simple
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and obvious, will consider them still far from practical application. Such reserve, and even opposition,
of some is as useful a quality and as necessary an element in human progress as the quick receptivity
and enthusiasm of others. Thus, a mass which resists the force at first, once set in movement, adds to
the energy. The scientific man does not aim at an immediate result. He does not expect that his
advanced ideas will be readily taken up. His work is like that of the planter--for the future. His duty is to
lay the foundation for those who are to come, and point the way. He lives and labors and hopes with
the poet who says:

Schaff' das Tagwerk meiner Hände,
Hohes Glück, dass ich's vollende!
Lass, o lass mich nicht ermatten!
Nein, es sind nicht leere Träume:
Jetzt nur Stangen, diese Bäume
Geben einst noch Frucht und Schatten. [1]

1 Daily work--my hands' employment,
To complete is pure enjoyment!
Let, oh, let me never falter!
No! there is no empty dreaming:
Lo! these trees, but bare poles seeming,
Yet will yield both food and shelter!

Goethe's "Hope"
Translated by William Gibson, Com. U. S. N.
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