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P R E F A C E  

Following the book , ) N i k o l a  T e s l a -  L e c t u r e s ,  P a t e n t s ,  
A r t i c 1 e scc, published 1956 in English i n  Belgrade, the Nikola Tesla 
Museum is now publishing a second volume dedicated to  the memory 
of the great scientist. While the former publication w m  rigorously 
restricted to his own works and included no comments or appreciations b y  
other hands, the present book is  composed solely of articles and extracts 
written on Tesla b y  others. Guided b y  the wish to  preserve to the full the 
ring of authenticity about each of the contributions, the Museum has 
decided to  publish the articles i n  their original versions. It was no easy 
task to  make a selection from the copious collection of various important 
evaluations and tributes in the possession of the Nikola Tesla Museum 
in Belgrade, in view of the fact that a great deal has been written on Tesla 
throughout the last seven decades - much more than is generally sup- 
posed. It was therefore of necessity that the selection was restricted to  
articles written b y  the eminent scientists, technicians and historians o f  
science and technology, i. e. such.as will no doubt prove to  be the most 
invaluable to the history of scientific and technical development. A glance 
at the list of contributors will suffice to  give substance to  this point. 

Another point calls f o ~  special emphasis. For various reasons, the t ruth  
about the body of Tesla's scientific work was remarkably slow in its 
penetration not only o f  the public at large but also of any wider circles o f  
experts in the different fields of his research. The  first and foremost o f  
these reasons was the fact that Tesla's achievements in the province of 
technical sciences was so revolutionary und so varied that it was difficult 
to  fully grasp its significance as a whole; this took time. Indeed, around the 
close of the X I X t h  century the number of distinguished experts who viewed 
Tesla's inventions as perfectly impracticable creations of pure phantasy 
was b y  no means small. In  an age of flourishing technical development, 
some saw the importance of his discoveries i n  the field of production, 
transmission and utilization of electric power, but failed to realize that he 
had also laid the foundations of high voltage and high freguency technics 
and o f  radiotechnics as well. Others hailed the results of his work in radio 



w 
communications, bu t  were  u t t ~ l y  unaware o f  his pioneering achievements 
in what came to be &led the  technics o f  strong currents. Nor did Tesla's 
genius come to a halt  here; for example,  he  foresaw - with a farsigh- 
tedness that hardly seems credible - the  development of the techniques 
of  remote control @ automatic guidance. This is best seen in an 
article o f  his, published in the  JUTE 1900 issue of T h e  C e n t u  r y 
I Z l u s t . r a t e d  M o n t h l y  M a g a z i n e a n d e n t i t l e d  .The P r o b l e m  
o f  I n c r e a s i n g  H u m a n  E n e r g y # .  Tesla also proved by experiment 
that his nteleautomutm* was perfectly workable; but, the times being what 
they were, those to  whom it wus presented showed little understanding o f  
its far-reaching significance. Another case in point is the initial failure 
o f  no  less a man t h a n  Kelvin to  see all the advantages of Tesla's system of 
production, transmi.gsi~n and utilization of electric power; it was only 
afterwards, when  he had grasped the full scope o f  the latter scientist's 
discoveries, that he  gave h i m  his enthusiastic support, the  two men 
becoming close friends. This was b y  no means an exceptional case. 

Owing to his dislike of  publicity, Tesla lived to see the honours due to 
him alone bestowed on others, and this at a t ime when his own creative 
powers had started to decline. Nevertheless, the articles assembled in  this 
volume bear t e s t i ~ y  to the  fact that  the most distinguished contempo- 
rary scientists and experts held Tesla's contribution to modern science and 
technology in great esteem. 

And so, whatever 7 n i ~ ~ 0 n c e p t i 0 n ~  as to the real nature o f  Tesla's 
achievements may have arisen in the past, subsequent development o f  the 
technical sciences has paved the w a y  for an adequate appraisal of his life's 
work. In publishing this book the N i b l a  Tesla Museum hopes to fulfil, as a 
task o f  honour, a twofold obligation: first, to the unique genius of  the man 
who left his native Yugoslavia (where he was born in 1856) to serve the 
cause o f  science in the United States o f  America (where he died in 1943); 
and second, to the  history o f  science and technology, in  which the name of 
Nikola Tesla will forever hold a place of truly great distinction. 

VELJKO KORAC, Ph. D. 
Director of Nikola Tesla Museum 
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. . . . . . . . . . . . .  phia, 29. VI. 1934) 

Diploma of honorary Doctor of Technical Sciences of the High 
Technical School i n  Prague (28. X .  1936) . . . . .  



THOMAS COMMERFORD MARTIN 

NIKOLA TESLA* 

Servian poetry has so distinct a charm that Goethe is said t o  have 
learned the musical tongue in which it is written rather than lose any 
of its native beauty. History does not record, however, any similar 
instance in which the Servian language, though it be that of Boskovich, 
expounder of the atomic theory, has been studied for the sake of the 
scientific secrets that might lurk therein. The vivid imagination and 
ready fancy of the people have been literary in their manifestation, and . 

fruit. A great Slav orator has publicly reproached his one hundred and 
twenty million fellows in Eastern Europe with their utter inability to 
invent even a mouse-trap. They were all mere barren idealists. If this 
were true, to equalize matters, we might perhaps barter without loss: 
some score of ordinary American patentees for a single singer of Illyrian 
lovesongs. But racial conditions are hardly to  be offset on any terms that 
do not leave genius its freedom, and once in a while Nature herself rights 
things by producing a man whose transcendent merit compensates his 
nation for the very defects to  which it has long been sensitive. It does 
not follow that such a man shall remain in a confessedly unfavorable 
ecvironment. Genius is its own passport, and has always been ready to  
change habitats until the natural one is found. Thus it is, perchance, that 
while some of our artists are impelled to set up their easels in Paris or 
Rome, many Europeans of mark in the fields of science and. research 
are no less apt to  adopt our nationality. of free choice. They are, indeed. 
Americans born in exile, and seek this country instinctively as their 
home, needing in reality no papers of naturalization It was thus that we 
welcomed Agassiz. Ericsson, and Graham Bell. In like manner Nikols 
Tesla. the young Servian inventor with whose work a new age in electri- 
city is beginning, now dwells among us in New York. 

Mr. Tesla's career not only touches the two extremes of European 
civilization, east and west. in a very interesting way, but suggests an 
inquiry into the essential likeness between poet and inventor. He comes 
of an old Servian family whose members for centuries have kept watch 4 

and ward along the Turkish frontier, and whose blood was freely shed 
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that  our western vanguard might gain time for i ts  advance upon these 
shores. Yet, remote as such people and conditions are t o  us, it is with 
apparatus based on ideas and principles originating among them that the 
energy from Niagara Falls is to  be widely distributed by electricity, in 
the various forms of light, heat, and power. This, in  itself, would seem 
enough to confer fame, but Mr. Tesla has done, and will do, much else. 
Could he be tamed to habits of moderation in work. i t  would be difficult 
t o  se t  limit to  the solutions he might give us, through ripening years. 
of many deep problems; but when a man springs from a people who have 
a hundred words for knife and only one for bread, i t  is a little unreaso- 
nable t o  urge him t o  be careful even of his own life. Thirtxy six years 
make a brief span, but when an inventor believes that  creative fertility 
is restricted t o  the  term of youth, i t  is no wonder that  night and day 
witness his anxious activity, as of a relentless volcano, and that ideas 
well up like hot lava - till the crater be suddenly exausted and hushed. 

A Slav of the Slavs, with racial characteristics strongly stamped in 
look, speech, and action. Mr. Tesla is a notable exemplification of the 
outcropping in unwonted form of tendencies suppressed. I have never 
heard him speak of a picture or  a piece of music, but h' 7s numerous 
inventions, and the noble lectures that embody his famous investigations 
with currents of high frequency and high potential, betray the poetic 
temperament throughout. One would expect the line separating fact 
from theory t o  fade a t  the altitudes of thought t o  which his later specu- 
lations reach; but this lithe, spare mountaineer is accustomed t o  the thin, 
dry air, and neither loses sharpness of sight nor breathes painfully. Hss 
the Servian poet become inventor, or is t he  inventor a poet? Mr. Tesla 
has been held a visionary, deceived by the  flash of casual shootinq stars; 
but the  growing conviction of his professional brethren is ths t  because 
he saw farther he saw first the  low lights flickering on tangible new 
continents of science. The perceptive and imaginative qu~l i t ies  of the 
mind are not often equally marked in the same man of penius. Overplus 
of imagination may argue dimness of perception; an ability t o  dream 
dreams may imply a want of skill in improvina reapers. Now aad then 
tho two elements comhlnc in the  .restive poet d epic and drama; 
occasionally they give us the prolific inventor like Tesla. 

.Tuies Breton has spoken of the  history of his life as being a t  the 
same time the genesis of his art. This is true of Nikola Tesla's evolution. 
His bent toward invention we may surely trace t o  his mother, who, as 
the  wife of an eloquent clergyman in the  Greek Church, made looms and 
churns for a pastoral household while her husband preached. Tesla's 
electrical work started when, as  a boy in the  Polytechnic School a t  Gratz, 
he first saw a direct-current Gramme machine, and was told that the  
commutator was a vital and necessary feature in all such avparatus. His 
intuitive judqment or latent spirit of invention at once challenged the 
statement of his instructor, and that moment began the process of 
reasoning and experiment which led him t o  his discovery of the rotatinq 
magnetic field, and t o  the practical polyphase motors, in which the com- 
mutator and brushes. fruitful and endless source of trouble, are abso- 
lutely done away with. These perfected inventions did not come a t  once; 
they never do. The conditions that  surrounded this youth in the airy 

r 

fastnesses of the Dinaric Alps all made against the  hopes he nursed of 
becoming an electrician: and not the least impediment was the fond wish -- 
of his parents a t  Smiljan Lika that he  should maintain the priestly 
tradition, and benefit by the preferment likely t o  come through his uncle. 
now Metropolitan in Bosnia. But Tesla felt himself destined to serve a t  



altars tban those of his ancient faith, with other KEZIE of approach 
tfie invisible and unknown. He perservered in mat-tical and me- 

chnjcal studis, mastered incidentally half a dozen kQu?ges. and at 
last k a m e  an assistant in the Government Telegraph aglneering De- 
pa r t~en t  at Buda-Pest. His salary was smali enough to Vase 
Who hold that the best endowment of genius is p o v w .  and he 
make no aPPel5 to his widowed mother for help. Experimnting. of course* 
w.em on all the time; a t  this juncture i t  was on t e l e p h ~  that he wasted 
h~ meager substance in riotous invention. Desirous d going to a fete 
with some friends, and anxious not to  spend on cloths the mane): that 
mght buy magnets and batteries, the brilliant idea orrurred to him to  
turn his only pair of trousers inside out and to dispm in them on the 

as new. He sat up all night tailoring, but the f6te came and went 
before he could reappear in public. This episode is quite in keeping with 
h~ boyish efforts to  fly from the steep roof of the house at S m l l ~ ~ ~ *  
US1ng an old umbrella as aijrostat; or with the peculiar tests, stopped by 
the f a m l l ~  doctor before the results could be determined. as  to how long 
he could suspend the beating of his heart by will power. 

Naturally enough for a young inventor seeking larger 0PPortunity* 
Tesla soon drifted westward from Buds-pest. He made his way to  Parls1 
where he quickly secured employment in electric lighting. then a new 

and encountered an observant associate of Mr. Edison Ahnost bef0re 
he knew it, he was on his glad voyage across the Atlantic to  work In 

One of the Edison shops, and to  enter upon a new stage of development. 
He had profound faith in the value of the principles first meditated In 
the silence of the sterile mountains that border the Adriat!~, and he 
knew that in a country where every new invention in electricity has its 
chance, his turn would come also, for he now had demonstrated his 
theorips in actual apparatus. 

If anything were needed to confirm Mr. Tesla in his hopes and 
enthusiasm, it would have been the close relation that he was thus 
thrown into with the robust, compelling genius who has created so  many 

things in electricity. Emerson has said that steam is half an English- 
man; may we not, in view of what such men as Edison have done* add 
that electricity is half an American? The fiery zeal with which this Young 
recruit flung himself on the most exacting tasks matched that of his 
chef. It went the length of a daily breakfast of Welsh rabbit, for weeks 
Mr. Tesla accepting as true, in spite of protesting stomach, the jocular 

that it was thus that his hero fortified himself s~ccessful ly  
for renewed effort after their long vigils of toil. Mr. Edispn. like most 

People, had some difficulty in finding anywhere withln the pale of 
civilization, as  marked by the boundaries of maps, the isolated region 
Mr. Tesla's birth, and once inquired seriously of his neophyte whether he 
had ever tasted human flesh. It was inevitable that a really dellghtful 
lntlmacy and apprenticeship should end. Even the most cometlc. genius 
has its orbit, and these two men are singularly representative of different 
kinds of training, different methods, and different aims. Mr. Tesla must 
needs draw apart; and stimulated by this powerful spirit, he went on his 
Own way for his own works's sake. 

Of late years a sharp controversy has raged in the electrical field ' 
as t o  the respective advantages of the continuous and the alternating 
current for light and power. In bitterness and frequent descent t e r -  
sonalitie~ it has resembled the polemics of the old metaphysical school- 
Inen, and uninstructed, plain folk have mildly wondered whether It was 
really worth while to  indulge in such terrible thraetenings and slaughter 



over purely speculative topics. There is, however, a very practical aspect 
to the discussion, and from the first Mr. Tesla has been an advacate of 
the alternating current, not because he loved the direct current less, 
but because he knew that with the alternating he could achieve results 
otherwise impossible, especially in power transmission. Furthermore. 
all direct-current generators and motors have required commutators 
and brushes, but Mr. Tesla, who has himself perfected many inventions 
based on direct currents, has shown that with the application of the 
rotating-field principle these elements of complication and restriction 
were no longer needed. This utilization of polyphase currents was a most 
distinct advance, made a deep imprint on the electric arts, and has been 
duly signalized. In America the invention found immediate sale. From 
Italy came an insistent cry of priority, reminding one of the "anticipa- 
tions" that have clustered thick around the telegraph, the telephone. 
and the incandescent lamp. In Germany, with money raised by popular 
and imperial subscription, apparatus on the polyphase principle was built 
by which large powers were transmitted electrically more than a hundred 
miles from Neckaron-the Rhine to Frankfort-on-the-Main; and now by 
equivalent agency Niagara is to  drive the wheels of Buffalo and beyond. 

So thoroughly has Mr. Tesla worked out his discovery of the rotating 
magnetic field, or "resultant attraction", that the record of his inventions 
contains no fewer than twenty-four chapters on varying forms of his 
polyphase-current apparatus and arrangements of circuit. But ever 
pursuing new researches. Mr. Tesla, after the enunciation of these 
fundamental ideas, next brought t o  notice his series of even more inte- 
resting investigations on several novel groups of phenomena produced 
with currents of high potential and high frequency. To familiarize the 
American public with some of his results, he lectured upon them at 
Columbia College. before the American Institute of Electrical Engineers, 
in May, 1891. The year following, with riper results to publish, and by 
special invitation, he lectured twice in England, appearing before the 
Institution of Electrical Engineers, a distinguished scientific body of 
which Professor Crookes was then president, and, later, a t  the Royal 
Institution, where the immortal Faraday lived and labored. From England 
he was called to France to  repeat his demonstrations before the Societe 
Internationale des Electriciens and the Soci6ti5 Francaise de Physique. 
In Germany he received the greetings of Hertz and Von Helmholtz, and 
from his own country came the Order of Saint Sava, conferred by the 
king. Since his return to this country he has lectured befare the Franklin 
Institute at  Philadelphia and the National Electric Light Association at  
St. Louis. But he has an intense dislike to  the platform, and has returned 
to his laboratory with a remorseful sense of neglected work from which 
long months of abandonment t o  unremitting research will not free him. 

I can only outline the vast range of the researches that these 
lectures, and the apparatus connected with the demonstrations, cover. 
Broadly stated, Mr. Tesla has advanced the opinion, and sustained i t  by 
brilliant experiments of startling beauty and grandeur, that light and 
heat are produced by electrostatic forces acting between charged mole- 
cules or atoms. Perfecting a generator that would give him currents of 
several thousand alternations per second, and inventing his disruptive , 
discharge coil, he has created electrostatic conditions that have already 
modified not a few of the accepted notions about electricity. It has been 
supposed that ordinary currents of one or two thousand volts' p tenl ial  
would surely kill, but Mr. Tesla has been seen receiving through his 
hands currents a t  a potential of more than 200,000 volts, vibrating 



a million times per second, and manifesting themselves in dazzling 
- streams of light. This is not a mere tour d e  force, but illustrates the 

principle that while currents of lower frequency destroy life, these are 
harmless. After such a striking test, which, by the way, no one has 
displayed a hurried inclination to repeat, Mr. Tesla's body and clothing 
have continued for some time to  emit fine glimmers or halos of splintered 
light. In fact, an actual flame is produced by this agitation of electrosta- 
tically charged molecules, and the curious spectacle can be seen of 
puissant, white, ethereal flames, that do not consume anything, burstlng 
from the ends of an induction coil as though it were the bush on holy 
ground. With such vibrations as  can be maintained by a potential of 
3,000,000 volts, Mr. Tesla expects some day t o  envelop himself in a com- 
plete sheet of lambent fire that will leave him quite uninjured. Such 
currents as  he now uses would, he says, keep a naked man warm a t  the 
North Pole, and their use in therapeutics is but one of the practical pos- 
sibilities that has been taken up. 

Utilizing similar currents and mechanism, Mr. Tesla has demon- 
strated the fact that electric lamps and motors can not only be made to  
operate on one wire, instead of using a second wire on the ground to  
complete the  circuit, but that  we can operate them even by omitting the 
circuit. Our Subway Boards are  t o  find their wires and occupations gone. 
Electric vibrations set-p a t  any point of the earth may by resonance a t  
any other spot serve for the transmission of either intelligence or power. 
With these impulses or wave discharges, Mr. Tesla also opens up an 
entirely new field of electric lighting. His lamps have no filaments as  
ordinarily known, but contain a straight fiber, a refractory button, or 
nothing but a gas. Tubes or bulbs of this kind, in which the imprisoned 
ether or air beats the crystal walls, when carried into the area or  room 
through which these unsuspected currents, are  silently vibrating, burst 
into sudden light. If coated inwardly with phosphorescent substances, 
they glow in all the splendors of the sonset and the aurora. 

These are  only a scant handful of ideas and discoveries from the 
rich mint of Mr. Tesla's laboratory, where alone, secluded, intimates or 
assistants shut out, he reasons from cause t o  effect; and with severe, 
patient diligence not only elaborates his theories, but tries them by the 
rack and thumbscrew of experiment. He is of all men most dissatisfied 
with things a s  they are  in his own field of work. Recentlv. the high- 
frequency generators with which he has done so  much of this advanced 
work have been laid aside in discontent for an oscillator, which he 
thinks may not only replace the steam-engine with its ponderous fly- 
wheels and governors, but embodies the simplest possible form of 
efficient mechanical generator of electricity. He may be wrong, but 
misdirection will only suggest new avenues to  the goal. 

Mr. Tesla has often been urged t o  assume domestic ties, settle down. 
and till some corner of the new domain. But shall he  farm or explore? 
Soon enough the proprietary fences will be set  up; soon enough will the 
dusty, beaten highway, dotted with milestones and finger-posts, run 
straight ahead. If we would, we cannot leash the pioneers whose yearnings 
are for inner Nature, whose sense is keenest t o  her faint voices and 
odors, the quest of which lures onward through the  trackless woods. 



THOMAS COMMERFORD MARTIN 

TESLA'S OSCILLATOR AND OTHER INVENTIONS* 

Skobeleff, the great Russian general, once said of the political condi- 
tions in Central Asia, that they changed every moment; hence the 
necessity for vigilance, no less the price of empire than of liberty. Thus 
changeful, also, is the aspect of that vast new electrical domain which 
the thought and invention of our age have subdued. They who would 
inform themselves expertly about it, in whatever respect, must ever keep 
up an attitude of strained attention. Its theoretical problems assume 
novel phases daily. Its old appliances ceaselessly give way to  successors. 
Its methods of production. distribution, and utilization vary from year 
to year. Its influence on the times is ever deeper, yet one can never be 
quite sure into what part of the social .or industrial system it is next to 
trust a revolutionary force. Its fanciful dreams of yesterday are the 
magneficent triumphs of to-morrow. and its advance toward domination 
in the twentieth century is as irresistible. as that of steam in the 
nineteenth. 

Throughout this change there has prevailed a consistency of pur- 
pose: a steady aim has been leveled a t  definite goals; while useful arts 
in multitude attest the solidity of the work done. If, therefore, we find 
a tremendous outburst of activity at  the very moment when, after 
twenty-five years of superlative productiveness, electricians were 
ready, with the reforming English statesman, t o  rest and be thankful, 
we may safely assume that electricity' has reached another of those 
crucial points a t  which it becomes worth the while of the casual outside 
observer to glance a t  what is going on. To the timid and the conservative. 
even to many initiated, these new departures have indeed become exaspe- 
rating. They demand the unlearning of established facts, and insist on 
right-aboutfaces that disregard philosophical dignity. The sensations of 
a dog attempting to  drink sea-water after a lifetime spent on inland lakes 
are feeble compared with those of men who discover that electricity is ' 
quite other than the fluid which they have believed it t o  be from their 
Youth up. and that actually there is no such thing as electricity or ac- 
electric current. 

' Century Magazin, New York, Vol. XLTX, April 1895, p. 916 



Electricity has, indeed, taken distinctively new ground of late years; 
and its present state of unrest - unsurpassed, perhaps, in other regions 
of research - is due to recent theory and practice, blended in a striking 
manner in the discoveries of Mr. Nikola Tesla, who, though not alto- 
gether alone, has come to  be a foremost and typical figure of the era 
now begun. He invites attention to-day, whether for profound investiga- 
tions into the nature of electricity, or for beautiful inventions in which 
is offered a concrete embodiment of the latest means for attaining the 
ends most sought after in the distribution of light, heat, and power, and 
in the distant communication of intelligence. Any one desirous of under- 
standing the trend and scope of modern electrical advance will find many 
clues in the work of this inventor. The present article discloses a few 
of the more important results which he has attained, some of the methods 
and apparatus which he employs, and one or two of the theories to which 
he resorts for an explanation of what is accomplished. 

By a brief preliminary survey, we may determine our historical 
longitude and latitude, and thus ascertain a little more precisely where 
we are. It is necessary to recapitulate facts known and accepted. Let it. 
then, be remarked that aside from the theories and interpretations that 
have beset the science, electricity as an art  has for three hunderd years 
been directed, chiefly%to securing an abundant, cheap. efficient, and eco- 
nomical supply of the protean agency, be it what it may. Frictional machine, 
leyden jar, coil, battery, magnet, dynamo, oscillator, - these are but the 
steps in a process as regular and well-defined as those which take us 
from the aboriginal cradling of gold out of river sands up to the refining 
of ore with all the appliances of modern mechanism and chemistry. Each 
stage in electrical evolution has seen the conquest of some hitherto 
unknown art - electrotherapy, telegraphy, telephony, electric lighting, 
electric heating, power transmission; yet each has had limitations set on 
it by the conditions prevailing. With a mere battery much can be done; 
with a magnet, still more; with a dynamo, we touch possibilities of all 
kinds, for we compel the streams, the coalfields, and the winds to do us 
service: but with Mr. Tesla's new oscillator we may enlist even the ether- 
waves, and turn our wayward recruits into resistless trained forces, 
sweeping across continents of unimagined opportunity. 

The dynamo, slowly perfected these fifty years, has rendered enor- 
mous benefits, and is destined to  much further usefulness. But all that 
we learn now about it of any intrinsic value is to build it bigger, or to 
specialize it; and the moment a device reaches that condition of develop-. 
ment, the human intellect casts about for something else in which the 
elements are to  be subtler and less gross. Based upon currents furnished 
by modern dynamo-electric machines, the arc-light and the' trolley-car 
seek to monopolize street illumination and transportation, while the 
incandescent lamp has preempted for exclusive occupancy the interiors 
of our halls and homes. Yet the abandonment of gas, horses, and sails is 
slow, because the dynamo and its auxiliaries have narrow boundaries, 
trespassing which, they cease to offer any advantage. We can all remember 
the high hopes with which, for example, incandescent lighting was 
introduced some fifteen years ago. Even the most cynical detractor of 
it will admit that its adoption has been quick and widespread; but as a 
simple matter of fact, to-day, all the lamps and all the lighting dynamos 
in the country would barely meet the needs of New York and Chicago -- 
if the two cities were to  use no other illuminant than electricity. In all 
England there are only 1,750.000 incandescent lamps contesting for 
supremacy with probably 75,000,000 gas-burners, and the rate of increase 



is small, if indeed it exceeds that of gas. Evidently, some factor is wanting, 
and a new point of departure, even in mere commercial work, is t o  be 
sought, so that with longer circuits, better current-generating apparatus, 
and lamps that will not burn out, the popular demand for a pure and 
perfect light can be met. In power transmission, also, unsatisfied problems 
of equal magnitude crop up. "Is there any load that water cannot lift?" 
asked Emerson. "If there be, try steam; or if not that, try electricity. Is 
there any exhausting of these means?" None, provided that our mechanics 
be right. 

It must not be supposed that the new electricity is inconoclastic. 
In the minds of a great many people of culture the idea prevails that 
invention is as largely a process of pulling down as  of building up; and 
electricity, in spreading from one branch of industry to  another, en- 
counters the prejudice that always rebuffs the innovator. The assumption 
is false. It may be true that in the gladiatorial arena where the principles 
of science contend, one party or the other always succumbs and drags 
out its dead; but in the arts long survival is the law for all the appliances 
that have been found of any notable utility. I t  simply becomes a question 
of the contracting sphere within which the old apparatus is hedged by the 
advent of the new; and that relation once established by processes 
complex and long continued, capable even of mathematical determination, 
the two go on together, complementary in their adjustment to specific 
human needs. In its latest outgrowths, electrical application exemplifies 
this. After many years, use of dynamo-electric machinery giving what is 
known as a "continuous current", the a r t  has reached the conclusion that 
only with the "alternating current" can i t  fulfil the later duties laid upon 
it, and accomplish the earlier tasks that remain untouched. With the con- 
tinuous current we have learned the rudiments of lighting and power 
distribution With the alternating current, manipulated and coaxed to 
yield its highest efficiency, we may solve the problems of aerial and 
marine navigation by electricity, operate large railway systems, transmit 
the energy of Niagara hundreds of miles, and, in Mr. Tesla's own phrase, 
"hook our machinery directly t o  that of Nature". 

THE GENERATION OF CURRENT 

Let us see wherein lies the difference between these two kinds of 
currents. In all dynamos the generation of what we call electric current 
is effected by the whirling of coils of wire in front of magnets, or con- 
versely. The wires that lead away from the machine and back to it to 
complete the necessary circuit, may be compared to a circle of throughs 
or to  a pipe-line; the coils and magnets are comparable t o  pump mecha- 
njsnl; and the lamps or motors driven by the current, to fountains or 
faucets spaced out on the trough circle. This comparison is crudity itself, 
but it gives a fairly exact idea. The current travels along the surface of 
the wire rather than inside, its magnetic or ether whoris resembling rubber 
band sliding along a leadoencil. A machine that produces continuous cur-. 
rent, dipping its wire coils or buckets into the magnetic field of force, 
has all its jets, as they come around to discharge themselves, headed one , 
way, and complicated devices called "commutators" have been unavoidable 
for the purpose of "rectifying" them. A machine that produces alternating. 
currents, on the contrary, has its jets thrown first into one end of ti+ 
trough system, and then into the other, and therefore dispenses with the 
rectifying or commutating valves. On the, other hand, i t  requires peculiar 



adjustment of its fountains and faucets to the streams rushing in either 
way. It is an inherent disadvantage of the continuous-current system 
that it cannot deliver energy successfully a t  any great distance at high 
pressure, and that therefore the pipe-line must be relatively as bulky as 
were the hollow w d e n  logs which were once employed for water- 
conduits in New York. The advantage of the alternating current is that it 
can be delivered a t  exceedingly high pressures over very slender wires, 
and used either a t  that pressure or a t  lower or higher ones, obtained by 
means of a "transformer", which, according to its use, answers both to 
the idea of a magnetic reducing valve, and to  that of spring-board ac- 
celerating the rapidlty of motion of any object alighting on it. Obviously 
a transformer cannot return more than is put into it, s o  that it gives 
out the current received with less pressure but in greater volume, or 
raised in pressure but diminished in the volume of the stream. In some 
like manner a regiment of soldiers may be brought by express to any 
wharf, and transferred. Indian file, to  a sailing barge or an ocean liner 
indifferently; but throughout the trip the soldiers will constitute the same 
regiment, and when picked up by another train across the ferry, the body, 
though there be loss by desertion and sickness. will retain its identity, 
even if the ranks are broken in filling the cars, and are reformed four 
abreast a t  the end of the journey. 

ALTERNATING CURRENTS 

Let us, still recapitulating familiar facts, make the next step in our 
review of what is involved in the resort to alternating currents. It was 
stated above that the current-consuming devices such as motors, likened 
to fountains, needed peculiar adjustments to  the inflow first from one 
side and then from the other. Not t o  put it a t  all too strongly, they would 
not work, and have largely remained inoperative to  the present time. 
Lamps would burn, but motors would not run, and this fact limited 
seriously the adoption and range of the otherwise flexible and useful 
alternating current until Mr. Tesla discovered a beautiful and unsuspected 
solution of the problem. and thus embarked on one part of the work now 
revealing grander possibilites every day. The transmission of the power 
of Niagara has become possible since the discovery of the method. In his 
so-called "rotating magnetic field", a pulley mounted upon a shaft is 
perpetually running after a magnetic "pole" without ever being able to 
catch it. The fundamental idea is to  produce magnetism shifting circularly, 
in contrast with the old and known phenomenon of magnetism in a fixed 
position. Those who have seen the patient animal inside the treadmill 
wheel of the weli at  Carisbrooke Castle can form an idea of the ingenity 
of Mr. Tesla's plan. 

Ordinarily, alternating-current generators, such as  are now in com- 
mon use. have a great number of projecting poles to cause the alterna- 
tions of current, and hence their "frequency" is high - that is, the current 
makes a great many to-and- flow in the circuit is termed the "period" or 
"frequency". one alternation being the rise from zero to  maximum value 
and down to nothing again, and the other the same thing backward. 

, 

If we ruled a horizontal straight line, and then drew a round-bellied 
Hogarth curve of beaty across it, the half of the curve above the line would -- 
be illustrative of the positive flow, the lower half of the negative flow; 
the top of one oval and the bottom of the other oval would be the positive 
and negative maximuma respectively; and the point where the curve 



crossed the straight line would mark the instant when the current changes 
its direktion. A swinging pendulum is an analogy favored by scientists in 
their endeavors to  illustrate popularly the processs of the generation of 
the alternating current. Each time the copper wire in the coils on the 
dynamo armature is rotated past the  pole of the dynamo field, the cur- 
rents in each coil follow this rise and fall; s o  that  the number of the 
magnets and coils determines the period or frequency, as  stated. The 
more numerous the magnets, and the faster the rotation of the coils, the 
quicker will be the ebbs and flo*s of current. But the character of the 
work t o  be done, and existing conditions. govern the  rate a t  whieh the 
current is thus t o  be set  vibrating; and no small amount of skill and 
knowledge enters here. The men who can predicate the right thing t o  do 
are still few and far between. The field has a s  yet been little explored. 
Moreover, in one of the deepest problems now engaging the thought of 
electrical engineers - namely, the production of cheap light and cheap 
power by these new means - opposite conditions pull different ways. 
Mr. Tesla made up his mind some time ago that for motor work i t  was 
better t o  have few frequencies; and the whole drift of power transmission 
is on that path, the frequency adopted for the work a t  Niagara being only 
twenty-five. But. a s  was natural, he ran through the whole scale of low 
and high frequencies, and soon discovered that  for obtaining light, one 
great secret lay in the utilization of currents of high frequency and high 
potential. Some years ago. after dealing with the power problem 'as above 
described. Mr. Tesla atacked the light problem by building a number of 
novel alternating-current generators for the purpose. and attained with 
them alternations up  t o  30,000 per second. These machines transcended 
anything theretofore known in the art, and their currents were further 
raised in pressure bv "step up" transformers and condensers. But these 
dynamos had their shortcomings. The number of the poles and coils could 
not be indefinitely increased, and there- was a limit t o  the speed. To go 
to the higher frequencies, therefore, Mr. Tesla next invented his "disrup- 
tive discharge coil". which permitted him t o  reach remarkably high 
frequency and high pressure, and, what is more, t o  obtain these qualities 
from any ordinary current, whether a l t e rna t in~  of continuous. With this 
apparatus he surprised the scientists both of this country and of Europe 
in a series of most interesting demonstrations. It is not too much to say 
that these experiments marked an epoch in electricity, yielding results 
which lie a t  the root of his later work with the oscillator in an 
inconceivably wider range of phenomena. 

THE TESLA OSCILATOR 

Up to  this point we have been considering both continuous-current 
and alternating-current dynamos as  driven by the ordinary steam-engine. 
Perhaps nine tenths of all the hundreds of thousands of dynamos in the 
world to-day a re  so  operated, the remainder being driven by water-wheels, 
gase-engines, and compressed air. Now, each step from consuming the coal 
under the boilers that deliver steam t o  the engines, up  t o  the glow of the 
filament in an incandescent lamp, is attended with loss. As in every other r 

cycle that has to do with heat transformation, the energy is more or less 
frittered away, just as  in July the load in an iceman's cart crumbles and 
melts in transit along the  street. Actual tests prove that the energy -- 
manifesting itself as light in an incandescent lamps is barely five per cent 
of that received as  current. In the luminosity of a gas flame the efficiency 



is even smaller. Professor Tyndall puts the useful light-waves of a gas 
flame at  less than one per cent of all the waves caused by the combustion 
going on in it. If we were dealing with a corrupt city government, such 
wretched waste and inefficiency would not be tolerated; and in sad reality 
the extravagance is but on a par with the wanton destruction of whole 
forests for the sake of a few sticks of lumber. Armies of inventors have 
flung themselves on the difficulties involved in these barbaric losses 
occurring a t  every stage of the calorific, mechanical and electric proces- 
ses; and it is indeed likely that many !.ines of improvement have already 
been com~el led t o  yield their utmost, reaching terminal forms. A moment's 
though will show that one main object must be the elimination of certain 
steps in the transfer of the energy; and obviously, if engine and dynamo 
both have' large losses, it will be a gain t o  merge the two pieces of ap- 
paratus. The old-fashioned electric-light station or street-railway power- 
house is a giddy maze of belts and shafting; in the later plants engine and 
dynamo are coupled directly together on one base. This is a notable stride, 
but it still leaves us with a dynamo in which some part of the wire wound 
on it is not utilized at every instant, and with an engine of complicated 
mechanism. The steam-cylinder, with its piston, is the only thing actually 
doing work, and all the rest of the imposing collection of fly-wheel, 
governor-balls, eccentrics, valves, and what not, is for the purpose of 
control and regulation 

In his oscillator Mr. Tesla, t 6  begin with, has stripped the engine of 
all this governing mechanism. By giving also t o  the coils in which the 

current is created as they 
* 

:, cut the "linse of force" of the ' "  manets, a to-and-fro or re- 
ciprocating motion, s o  that 

- . the  influence on them is 
equal in every direction, he  ' has overcome the  loss of the 
idle part of the  wire expe- 
rienced in rotating armatu- 
res; and, moreover, greatest 
achievement of all, he  has 
made the corrents regulate 
the mechanical motions. No 
matter how close the gover- 
ning of the engine that drives 
the ordinary dynamo, with 
revolving armature, there is 

- . . .. some irregularity in the 
generation of current. In the 

Fig. I. Tesla oscillator, if its inven- 
DIAGRAM OF WORKING P- OF EARLY tor  and the  evidence of one's 
FORM OF TESLA OSCILLATOR. AS IF SEDN 

FROM ABOVE, IN SECTION eyes may be belived, the 
vibrations of the current are 
!absolutely steady and uni- 

form, s o  that one could keep the time o'day with the machine about 
as well as with a clock. It was this superlative steadiness of the 
vibration or frequency that Mr. Tesla aimend at, for one thing. The 
variations caused by the older apparatus might be slight, but minute -- 
errors multiplied by high rates of occurrence soon become perceptible. 
and militate against dkirable uniformity and precision of action. Back 
of the tendencies to irregularity in the old-fashioned electrical apparatus 



Fig. 2. 
LATEST FORM O F  TESLA OSCILLATOR, COMBINING I N  O N E  MECHANISM DYNAMO 

AND STEAM-ENGINE 

were the equal or greater tendencies in the steam-engine; and over and 
above all were the frightful losses due t o  the inefficient conversion in both 
of the power released from the fuel under the boiler generating the steam. 

Gain in one direction with a radical innovation usually means gain 
in many others, through a growing series. I confess I do not know which - - 
of the advantages cf the oscillator to  place first; and I doubt whether its 
inventor has yet been able t o  sit down and sum u p  all the  realities an2 



possibilities to which it is a key. One thing he does: he presses forward. 
Our illustration. Fig. 2. shows one of his latest forms of oscillator in 
perspective, while the diagarm, Fig. 1, exhibits the internal mechanism 
of one of the early forms. Fig. 2 will serve as  a text for the subsequent 
heads of discourse. The steam-chest is situated on the bed-plate between 
the two electromagnetic systems, each of which consists of field coi'ls 

Fig. 3. 
FIRST PHOTOGRAPH EVER TAKEN BY PHOSPHORESCENT LIGHT. THE FACE IS THAT 
OF MR. TESLA, AND THE SOURCE O F  LIGHT IS O N E  O F  HE5 PHOSPHORESCENT BULBS.  

TIME OF EXPOSURE, EIGHT MINUTES. DATE OF PHOTOGRAPH JANUARY, 1894. 

between which is to  move the armature or coil of wire. There are two 
pistons to receive the impetus of the incoming steam in the chest, and 
in the present instance steam is supplied at  a pressure of 350 pounds, 
although as low as 80 is also used in like oscillators, where steam of the I 

higher pressure is not obtainable. We note immediately the absence of 
all the governing appliances of the ordinary engine. They are non-existent. 
The steam chest is the engine, bared t o  the skin like a prize-fighter, with -- 
every ounce counting. Besides easily utilizing steam a t  a remarkably high 
pressure, the oscillator holds it under no less remarkable control, and, 
strangest of all, needs no packing t o  prevent leak. It  is a fair infzrence. 



too, that, denuded in this way of superfluous weight and driven at high 
pressure, the engine must have an economy far beyond the common. With 
an absence of friction due to the automatic cushioning of the light - 
working parts, it is also practically indestructible. Moreover, for the same 
pressure and the same piston speed the engine has about one thirtieth 
or one fortieth of the usual weight, and occupies a proportionately smaller 
space. This diminution of bulk and area is equally true of the electrical 
part. The engine-pistons carry at their ends the armature coils, and these 
they thrust reciprocatively in and out of the magnetic field of the field 
coils, thus generating current by their action. 

If one watches any dynamo, it  will be seen that the coils constituting 
the "armature" are swung around in front of magnets, very much as a 
turnstile revolves inside the barricading posts; and the current that goes 
out to do work on the line circuit is generated inductively in the coils, 
because they cut lines of influence emanating from the ends of the 
magnets, and forming what has been known since Faraday's time as the 
"field of force". In the Tesla oscillator, the rotary motion of the coils is 
entirely abandoned, and they are simply darted to and fro a t  a high speed 
in front of the magnets, thus cutting the lines of the "field of force" by 
shooting in and out of them very rapidly, shuttle-fashion. The great object 
of cutting as many lines of an intense field of force as swiftly, smoothly, 
regularly, and economically as possible is thus accomplished in a new 
and, Mr. Tesla believes, altogether better way. The following description 
of remarkable new phenomena in electricity will justify him in regarding 
the oscillator as an extremely valuable instrument of research, while time 
will demonstrate its various commercial and industrial benefits. 

Incidentally it may be remarked that the crude idea of obtaining 
currents by means of a coil or a magnetic core attached to the piston of 
a reciprocating steam-engine, is not in itself an entire novelty. It may 
also be noted that ~tearn~turbines of extremely high rotative velocity are 
sometimes used instead of slow-moving engines to drive dynamos. But in 
the first class of long-abandoned experiments no practical result of any 
kind was ever reached before by any sort of device; and in the second 
class there is the objection that the turbine is driven by means of isolated 
shocks that cannot be overcome by any design of the blades, and which 
frustrate any attempts to perform work of the kind now under survey. 
What we are dealing with here is a dual, interacting machine, half me- 
chanical, half electrical, of smallest bulk, extremely simple, utilizing steam 
under conditions unquestionably of the highest efficiency, its vibrations 
independent of road and pressure, delivering currents of the greatest 
regularity ever known for practical work or research. That such a com- 
bination should produce electricity for half 'the consumption of steam 
previously necessary with familiar apparatus in equivalent results, need 
not surprise us; yet think how much a saving of that kind would mean in 
well -nigh every industry consuming power ! 

THE OSCILLATOR AND THE PRODUCTION OF LIGHT 

Having obtained with the oscillator currents of high potential, hiyl~ 
8 

frequency, and high regularity, what shall be done with them? Mr. Tesla 
having already grappled successfully with the great difficulties of long-- 
distance power transmission, as narrated. above, has first answered that 
question by boldly assailing the problem of the production of light in a 
manner nearer, perhaps, to that which gives us sunshine than was ever 



attempted before. Between us and the sun s t r s z h e s  the tenuous, sensitive 
ether, and every sensation of light that the ex* experiences is caused by - the effect of five hundred trillions of waves m e r y  second impressed on 
the ether by the molecular energy of t D e  sun traveling along it 
rhythmically. If the waves have a l o a s  frequency than this 
500,000,000,000,000, they will chiefly engender  heat. In our artificial 

Fig. 4 
2HOSPHOGRAPH OF MR. CLEMENS (MARK TWAIN), T A K E S  IN THE TESLA LABORATORY 

JANUARY. 1894. TIhiE OF EXPOSURE, TES M I W T E S .  

methods of getting light we imitatively agitate the ether so poorly that 
the waves our bonf,ires set up rarely get above the rate at  which they 
become sensible to us in heat, and only a few waves attain the right pitch 
or rapidity to cause the sensation of light. At the upper end of the keyboard 
of vibration of the ether is a high, shrill, and yet inaudible note, - 
"light", - which we want to strike and to keep on striking; but we fumble 
at the lower, bass end of the instrument all the time, and never touch that -- 
topmost note without wasting the largest part of our energy on the inter- 
mediate ones, which we do not at  all wish to touch. Light (the high note) 



without heat (the hower notes) is the desideratum. The inefficiency 0: 

the  gas flame has been mentioned. In the  ordinary incandescent lamp the  
waste is not s o  great; but even there the net efficiency of any one hundred 
units of energy put into it a s  electric current is a t  the-most five or six 
of light, t h e  waste occurring in the process of setting the molecules of 
the filament and the little air left in the bulb into the  s ta te  of vibration 
under which they must work before they can throw out energy-waves on 
the  ether, which will be con- 
veyed t o  'us through the glass 
of the  bulb by the ether as  light 
rather than as  heat. The glass 
is as  unconfining t o  the ether 
as a coarse sieve is to water. 

Now Mr. Tesla takes his 
currents of high frequency and 
high potential, subjects the 
incandescent lamp to  them, 
and, skipping some of those 
intermediate wasteful heat sta-  
ges of lower wave vibration 
experienced in the old methods, 
qets t he  ether-charged mole- 
cules more quickly into the 
intensely agitated conditon ne- 
cessary t o  yield light. Using his 
currents, produced electromag- 
netically, as we have seen, to  
load each fugitive molecule 
with its charge, which i t  re- 
ceives and exercises electrosta-' 
tically, he gets the ether 
medium into a state of excite- 
ment in which it seems to  
become capable of almost 
anything. In one of his first Fig. 5. 
lectures, Mr. Tesla said: THREE PHOSPHORESCENT BULBS UNDER 

Electrostatic effects are in TEST FOR ACTINIC VALUE. PHOTOGRAPHED 
BY THEIR OWN LIGHT. many ways available for the 

production of light. For in- 
stance, we may place a body of some refractory material in a closed, 
and preferably in a more or less air-exhausted, globe, connect it t o  
a source of high, rapidly alternating potential, causing the molecules 
of the gas to  strike it many times a second a t  enormnus speeds, and in 
this way. with trillions of invisible hammers, pound it until it gets 
incandescent. Or we may place a body in a very highly exhausted globe, 
and by employing very high frequencies and potentials maintain it a t  any 
degree of incandescence. Or we may disturb the  ether carried by the 
molecules of a gas, or their static charges, causing them to  vibrate or 
emit light. 

These anticipatory statements are confirmed to-day by what Mr. Tesla 
has actually done in one old way revolutionized, and in three new ways: . 
(I) the incandescence of a solid; (2) phosphorescence; (3) incandescence- 



A-22 

LAMPS WITH BUTTONS OR BARS IN PLACE OF FILAMENTS 

Taking lamps in the first category, it may be stated that it had been 
commonly supposed that the light-giving conductor in the lamp, to  be 
efficient and practical, -should be fine; hence the name "filament" given 
to  the carbon loop in such lamps. But with the Teslaic currents the 
resistance or friction of the  filament t o  the flow of current does not count 
for anything: the filament may just as well be short and thick, for i t  will 
rapidly reach and steadily maintain proper incandescence by the passage 
of a small current of the  right high frequency and potential. An action is 
set  up as the result of which the filament is hit millions of times a second 
by the bombardment of the molecules around it in a merciless ring of 
tormentors. The vibrations of the  current in similar manner will cause the 
infinite jostling of the molecules of solid and gas against a small polished 
carbon or metallic buttcn o r  bar in a lamp, and brilliant light is also 
obtainable in this way. 

LIGHT AND PI-ltlTOGRAPHS WITH TESLA PHOSPHORESCENT BULBS 

In the field of lighting by 
phosphorescence we reach hi- 
therto untrodden ground. Pho- 
sphorescent light has been as- 
sociated with the idea of "cold 
light". or the property of 
becoming luminous with the 
omission of the intermediate 
step of combustion, as com- 
monly understood. As a physical 
action, we know it in the light 
of the firefly, which Professor 
S. P. Langley rates a t  an ef-. 
ficiency of 100 per cent., all its 
radiations lying within the li- 
mits of the vis5ble spectrum. 
By means of the Teslaic cur- 
rents phosphorescent light 

-. - strong enough even to  photo- 
Pig. a 

PIG. 6 . 7  A N D  8 ARE TESlLA T U g E s  OF DWFE- 
graph by has been obtained; 

RENT FORM6 I N  WHJCH LLGDLT I5 OBTAINED and Fig. 39 representing the 
W~THOIJT FILAM- OR ~ ~ B u s T I O N .  inventor himself, is the first 
(PHOTOGRAPHED B Y  THElFt OW'N LIGHT.) 

wrt ra i t  or ~ h o t ~ r a ~ h  of anv 
kind ever taken -by' 

rescent light. A bulb whose light-giving member is coated with sulphide 
of 'zinc treated in a special way was rendered phosphorescent by means of 
current obtained from a high-frequency transformer coil. The current 
used was alternated or  oscillated about 10,000 times per second. The 
exposure was about eight minutes. 

Fig. 4, of Mr. Clemens (Mark Twain), was taken a fe.w weeks later - 
early in 1894 - with the aid of the same bulb, and with an exposure of 
about ten minutes. In order to  test more closely the actinic value Of 
phosphorescent light, some bulbs subject t o  high-frequency currents were 
photographed, or, if we may coin a new word, "phosphographed", with 
a somewhat longer exposure. They are shown inFig, 5. The right-hand, 



bright pair utilize sulphide of zinc in some form for luminosity. The third 
bulb. seen faintly to the left of them, has a coating of sulphide of calcium. 
Although, judged by the eye, it glowed with a brightness fully equal to  
that of the other two, the actinic value was evidently much less. It is, 
perhaps, needless to say that these demonstrations invite to an endless 
variety of experiments, in which investigators will find a host of novel 
phenomena awaiting them as to  phosphorescence and fluorescence pro- 
duced with electrical currents. 

LIGHT FROM EMPTY BULBS IN FREE SPACE 

The third and fourth clas- 

employed. This last was held in 
the hand while a photograph 
was taken of i t  bv its own liaht. 

Fig. 7. 

the 'two current-bearing wires. 
C 

Even where the lamps have Fig. 8. 
been used on the ordinary 
alternating circuits in which the transformer is emplyed to  "step down", 
or reduce, for safe use, the higher-tension current brought t o  it by 
the wire from the dynamo, the lamps have to be attached to  the 
"secondary" wires of the co'l so as to make a closed circuit for them. 
But as we rise in the frequency of the current, as we leave behind the 



electrodynamic conditions for the electrostatic ones, so  we free ourselves 
from the restrictions and limitations of solid wires for the  conveyance of 
the effects sought, until a t  last we reach a point where all the old ideas 
of the necessity of a tangible circuit vanish. It is all circuit if we can 
proper1.y direct the right kind of impulses through it. As Mr. Tesla long 
ago pointed out, most of the experiments usually performed with a static 

Fig. 9 .  
TXPERIMENT SHOWING PLAY OF ELECTRIC SPARKS BETWEEN CONDENSER PLATES, 
PRODUCED BY ELECTRIC CHARGE. THE COIL, STANDING IN THE CENTER OF A LARGE 
ROOM. I S  UNCONNECTED WITH THE ENERGIZING CIRCUIT. (FROM FLASH-LIGHT 

PHOTOGRAPH3 

machine cf glass plates can also be performed with an induction-coil of 
wire if the currents are alternated rapidly enough; and i t  is in reality here 
that Mr. Tesla parts company with other distinguished workers who have 
fixed their attention merely on the results attainable with electrodynamic I 

apparatus. Before passing on, let us quote the inventor fimself: 
"Powerful electrostatic effects are a sine qug non of light production - 

on the lines indicated by theory. Electromagnetic effects are  primarily 
unavailable, for the reason that t o  produce the required effects we would 
have t o  pass the current impulses through a conductor which, long before 



the required frequency of the impulses could be reached, would cease to 
transmit them. On the other hand, electromagnetic waves many times 
longer than those of light, and producib!.e by sudden discharge of a con- 
denser, could not be utilized, it would seem, unless we availed ourselves 
of their effect upon conductors as in the present methods. which are 
wasteful. We could not affect by means of such waves the static molecular 
or atomic charges of a gas, and cause them to  vibrate and to  emit light. 
Long transverse waves cannot, apparently, produce such effects, since 
excessively small electromagnetic disturbances may pass readily through 
miles of air. Such dark waves, unless they are of the length of true light- 
waves, cannot, it would seem. exdte  luminous radiation in a Geissler 
tube, and the luminous effects which are producible by induction in a tube 
devoid of electrodes, I am inclined to consider a .being of an electrostatic 
nature. To produce such luminous effects s t r a i a t  electrostatic trusts are 
required; these, whatever be their frequency, may distrub the molecular 
charges and produce light." 

EFFECTS WITH ATTUNED BUT WIDELY SEPARATED CIRCUITS 

A few experiments performed in Mr. Tesla's laboratory workshop 
afford an idea of the flexibility of the methcds by which powerful electro- 
static effects are produced across many feet of intervening space. The 
workshop is a room about forty by eighty feet, and ten or twelve feet 
high. A circuit of small cable is carried around it from the terminals of 
the oscillator. In the center of the clear, open space is placed a coil, wound 
drum fashion, three or four feet high, and unconnected with the current 
source save through the medium of the atmosphere. The coil is provided, 
as shown in the picture, with two condenser plates for adjustment. 
standing up like cymbals. The plates act after the manner of a spring, and 
the coil is comparable to  an electromagnetic weight. The system of 
apparatus in the middle of the room has therefore a certain period of 
vibration, just as though it were a tuning-fork, ar a sheet of thin resonant 
glass. Around the rcom, over the cable, there are sent from the oscillator 
electrical current vibrations. By carefully adjusting the condenser plates 
so that the periodicity or swing of the induced current is brought into 
step with that of the cable currents, powerful sparks are made t o  pour 
across between the plates in the dense streams shown in Fig. 9. In this 
manner it is easy to reach tensions as high as 200.000 and 300.000 volts. 

No one who has witnessed these significant experiments can fail to 
be impressed with the evidence of the actuality of a medium, call it e t h e ~  
or what you will. which in spite of its wonderful tenuity is as capable of 
transmitting energy as though it were air or water. Still more impressive 
to  a layman, perhaps, is the confidence and easy precision with which these 
fine adjustments are brought about. 

In Fig. 10 there is a similar coil. in the middle of the same room. 
which has been so adjusted to the vibrations sent around the shop that 
an ordinary sixteen-candle-power incandescent lamp is well lighted up. 

 id 11 pursues this a little further. Above the coil a circle of wire 
is held by an observer, and an incandescent lamp is attached to the circle. 
As before. the vibraticn of the ether in the coil is brought into harmony 
with the vibrations emitted from the cable. The inductive effect upon the 

. circle held loosely in free space by the observer is so pronounced that the 
lamp is immediately lighted up, thouqh it may be connected with but one 
terminal wire. or with two, A 100-volt lamp is used, requiring when 



employed ordinarily mofe than one tenth of a horse-power right ofl the 
connecting circuit wires direct from the dynamo to bring it up to proper 
illuminating value. Hence, as will be seen, there is actual proof here of 
the transmission of at  least that amount of energy across a space of some 
twenty feet and into the bulb by actually no wire at  all. This need not 
surprise us when we remember that on a bright day the ether delivers 

Fig. 10. 
EXPERIMENT SHOWING THE LIGHTING U P  O F  AN ORDINARY INCANDESCENT LAMP. 
A T  A DISTANCE, THROUGH THE INFLUENCE O F  ELECTRIFIED ETHER-WAVES. (FROM 

FLASH-LIGHT PHOTOGRAPH.) 

steadily from the sun a horse-power of energy to  every seven square 
feet of the earth's surface toward it: so great is its capacity for transmit- 
ting energy. Mr. Tesla with his "electrostatic thrusts" has simply learned 
the knack of loading electrically on the good-natured ether a little of the 
protean energy of which no amount has yet sufficed t o  break it down or 
put it out of temper. We may assume either an enormous speed in what 
may be called the transmitting wheelwork of the ether, since the weight is 
inconceivably small; or else that the ether is a mere transmitter of energy 
by its well-nigh absolute incompressibility. 
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CURIOUS "IMPEDANCE" PHENOMENON 

In Fig. 12 we have another remarkable experiment illustrated. Standing 
over the coil in the center of the room. thb cbserver holds a hoop of stout 
wire in his hand. One or more lamps are connected with two points un 
the wire, so that the lamps are "short-circuited" by the short bar of 
wire. The vibrations are, ho- 
wever, so extremely rapid that 
in spite of the opposite terrni- 
nals being united in this way, 
the current does not flow 
past them neglectfully, in the 
apparently easier path, as .it 
should, but bryngs them to a 
bright incandescence. We have 
here an example f what is 
known as "mpedan ?& " pheno- 
mena, in which the current is 
oddly ehoked back at certain 
points and not at  others. Under 
the conditions of "impedance", 
the best electrcal conductor 
losed its property of conducting, 
and behaves like a highly re- 
sisting substance. Elaborating 
further these experimental re- 
sults. Mr. Tesla shows that a 
gas - a perfect non-conductor 
under ordinary circumstances 
- may be more ccnductive 
than the best coDDer wire. Dro- 
vided the curients vibrate 
rapidly enough. The fantastic 
side of this phenomenon he 
touched on p!ayfully once by 
suggesting that perchance in 
such wise we might some day 
utilize gas to  convey electri- 
city, and the old gas-pipe to 
insultate it. 

Fig. 11. 
EXPERIMENT ILLUSTRATING THE LICHTING 

OF AN INCANDESCENT LAMP IN FREE 
SPACE BY INDUCTION FROM COIL BELOW, 

ENERGIZED BY DISTANT CIRCUIT AROUND 
THE ROOM. THE LOOP OF WIRE CARRYING 

THE LAMP IS HELD BY MR. MARION 
CRAWFORD. (FROM FLASH-LIGHT 

PHOTOGRAPH.) 

LAMPS LIGHTED BY CURRENTS PASSED THROUGH THE HUMAN BODY 

In Fig. 13 a most curious and weird phenomenon is illustrated. A few 
years ago electricians would have considered it quite remarkable. if indeed 
they do not now. The observer holds a loop of bare wire in his hands. The 
currents induced in the loop by means of the "resonating" coil over which 
it is held, traverse the body of the observer, and a t  the same time, as they 
pass between his bare hands, they bring two or three lamps held there 
to bright incandescence. Strange as it may seem, these currents, of a , 
voltage one or two hundred times as high as that employed in electro- 
cution, do not inconvenience the experimenter in the slightest. The- 
extremely high tension of the currents which Mr. Clemens is s e e r  
receiving prevents them from doing any harm to  him. 



TRANSMISSION OF INTELIJGENCE BY ATTUNED 
OR "RESONATING" CURRENTS 

Reference has been made to  the "resonanting" quality of the circuits 
and coils. It would be wearisome, and indeed is not necessary, here to  
dwell on the difficulty often experienced in establishing thearelation of 
"resonance", and the instantaneity with which it can be disturbed. It may 
be stated. in order to give some idea of the conditions t o  be observed in 
these experiments, that when an electric circuit is traversed by a rapidly 

Fig. 12. 
SIMLLAR EXPERIMENT, U U S T R A T I N G  THE PHENOMENON OF IMPEDMCE. THE 
LOOP OF WIRE. C,ARRYING TWO LA-, IS HELD BY MR. JOSEPH JEFFERSON. (FROM 

FLASH-LIGHT PHO'JX3GRA.PH.) 

oscillating current which sets up waves in the ether around the wire, the 
effect of these waves upon another circuit situated at  some distance from 
the first can be largely varied by proper adjustments. The effect is most 
pronounced when the second circuit is so adjusted that its period of 
vibration is the same as that of the first. This harmonizing is deftly 
accomplished by varying either of the two elements which chiefly govern 
the rapidity of the vibration, viz., the so-called "capacity" and the "self- 
induction". Whatever the exact process may be, it is clear that these two 
quantities in their effect answer almost directly to what are known in 
mechanics as pliability and as weight or inertia. Attach to  a spring a 
weight, and it will vibrate a t  a certain rate. By changing the weight, or 
modifying the pliability-of the spring, any period of vibration is obtainable. 
In very exact adjustments, minute changes will completely upset the 
balance, and the very last straw of fine wire, for example, in the induction- 



coil which gives the self-induction will break the spell. As Mr. Tesla has 
said, it is really a lucky thing that pure resonance is not obtainable; for 
if it were, all kinds of dangers might lie in store for us by increasing oscil- 
lations of every kind that would be set up. It dill, however, have been 
gathered that if one electrical circuit can be tuned to  another effectively, 
we shall need no return wire, as heretofore, f o r  motors or for lights, the 
one wire being, if anything, better than two, provided we have vibration 

Fig. 13. 
SIMILAR EXPERIMENT Z'HE HIGH-TENSION CURRENT BDLNG PASSED THROUGH THE 
BODY BEFORE IT B ~ G S  THE LAMPS 'M) INCANDESCENCE. THE LOOP IS HELD OVER 
THE RESONATING con BY MR. CLEMXNS  ARK TWAIN). (FROM A FLASH-LIGHT 

PHOTOGRAPH.) 

of the right value; and if we have that, we might det along without any 
wires or any "currents". Here again we must quote Mr. Tesla; 

"In connection with resonance effects and the problem of transmis- 
sion of energy over a single conductor, I would say a few words on a 
subject which constantly fills my thoughts, an& which concerns the welfare 
of all. I mean the transmission of intelligible signals, or perhaps even 
power, to any distance without the use of wires. I am becoming daily 
more convinced of the practicability of the scheme; and though I know 



full well that the majority of scientific men will not believe that such 
results can be practically and immediately realized, yet I think that all 
consider the developments of recent years by a number of workers to have 
been such as to encourage thought and experiment in this direction. My 
conv'iction has grown so strong that I no-longer look upon thls plap of 
energy or intelligence transmission as a mere theoretical possibility, but 
as a serious problem in electrical engineering which must be carried out 
some day. The idea of transmitting intelligence without wire is the natural 

Fig. 14 .  
EFFECT OF ELECTRICAL DISCHARGE F M M  THE EARTH BY TESLA COIL 

(.PHOTOGRAPHED BY ITS OWN LIGHT.) 

outcome of the most recent results of electrical investigations. Some 
enthusiasts have expressed their belief that telephony t o  any distance by 
induction through the air is possible. I cannot stretch my imagination so 
far; but I do firmly believe that it is practicable to  disturb by means of 
powerful machines the electrostatic condition of the earth, and thus 

- transmit intelligible signals and perhaps power. In fact, what is there 
against the carrying out of such a scheme? We now know that electric 
vib~ation may be transmitted through a single conductor. Why, then, not 
try to avail ourselves of the earth for this purpose? We need not be 
frightened by the idea of distance. To the weary wanderer counting the 
mile-posts the earth may appear very large; but t o  that happiest of all 
men, the astronomer, who gazes a t  the heavens, and by their standard 
judges the magnitude of our globe, it appears very small. And so I think 
it must seem to the electrician; for when he considers the speed with 
which an electric disturbance is propagated through the earth, all his 4 

. ideas of distance must completely vanish. A point of great importance 
would be first to  know what is the capacity of the earth. and what charge 
does it contain of electricity." 



DISTURBANCE AND DEMONSTRATION OF THE EARTH'S 
ELECTRICAL CHARGE . 

Part of Mr. Tesla's more recent work has been in the direction here 
indicated; for in his oscillator he has not .s!mply a new practical device, 
but a new implement of scientific research. With the oscillator, if he  has 
not as yet actually determined the earth's electrical charge or "capacity", 
he has obtained striking effects which conclusively demonstrate that he 
has succeeded in disturbing it. He connects to the earth, by one of I ts  

Fig. 15. 
TESLA COIL FUR ASCERTAINLNG AND DISCHARGING THE ELECTRICITY OF THE EARTH. 
THE STREAMERS AT TOP OF COIL ARE W PURPLE HUE. AND I N  FORM RESEMBLE 
FILAMENTS OF SEAWEED THE EFFEXT .OF MASS ,BEING CAUSED BY PROLONGED 

EXPOSURE OF FLASH-LIGHT NEGATIVE. 



ends, a coil (see Fig. 15) in which rapidly vibrating currents are produced, 
the other end being free in space. With this coil he does actually what 
one would be doing with a pump forcing air into an elastic football. At 
each alternate stroke the ball would expand and contract. But it is evident 
that such a ball. if filled with air, would, when suddenly expanded or 
contracted, vibrate at its own rate. Now if the strokes of the pump be so 
timed that they are in harmony with the individual vibrations of the ball, 
an intense vibration or surging will be obtained. The qurple streamers 
of electricity thus elicited from the earth and pouring out to  the ambient 
air are marvelous. Such a display is seen in Fig, 14, where the crown of the 
coil, tapering upward in a Peak of Teneriffe, flames with the outburst of 
a solar photosphere. 

The currents which are made to pass in and out of the earth by means 
of this coil can also be directed upon the human body. An observer 
mounted on a chair, and touching the coil with a metal rod, can, by careful 
adjustments, divert enough of it upon himself to cause its manifestation 
from and around him in splinters of light. This halo effect, obtained by 
sending the electricity of the earth through a human being - the highest 
charge positively ever given in safety - is, to say the least, curious, and 
deeply suggestive. Mr. Tesla's temerity in trying the effect first upon his 
own person can be justified only by his close and accurate calculation of 
what the amount of the discharge from the earth would be. 

Concidering that in the adjustments necessary her&, a small length 
of wire or a small body of any kind added to  the coil or brought into its 
vicinity may destroy entirely all effect, one can imagine the pleasure 
which te  investigator feels when thus rewarded by unique phenomena. 
After searching with patient toil for two or three years after a result 
calculated in advance. he is compensated by beinq able t o  witness a most 
magnificent display of fiery streams and lightning discharges breaking 
out from the tip of the wire with the roar of a gas-well. Aside from their 
deep scientific import and their wondrous fascination as a spectacle, such 
effects point to many new re 'zations making for the higher welfare of 
the human race. The transmis 9 on of power and intelligence is but one 
thing: the modification of climatk conditions may be another. Perchsnce 
we shall "call up" Mars in this way some day, the electrical charge of both 
planets being utilized in signals. 

Here are great results, lofty aims. and noble ideas; and yet they are 
but a beggarly few of all those with which Mr. Tesla, by his simple, modest 
work. has associated his name during recent years. He' is not an impracti- 
cable visionary, but a worker who. with solid achievements behind him, 
seeks larger and better ones that lie before, as well as fuller knowledge. 
I have ventured t o  supplement data as to his late inventions by some of 
his views as to the ether, which throughout this presentation of his work 
has been treated familiarly as the maid-of-all-work of the universe. All 
our explanations of things are but half-way houses t o  the ultimate facts. 
It may be said, then, in conclusion, that while Mr. Tesla does not hold 
Professor Oliver Lodge's ingenious but intricate notion of two electricities 
and two ethers, and of the ether as itself electricity, he does belong to 
what Lord Kelvin has spoken of as the nineteenth-century school of 
plenum, accepting one ether for light, heat, electricity, and magnetism, 
outward manifestations of an inward unity whose secret we shall some 
day learn 



THE TESLA OSCILLATOR* 

The fire which, since our last issue went to  press, destroyed the 
laboratory of Nikola Tesla in this city and reduced to ashes all the recent 
devices of his ingenuity, has again aroused public interest in the work of 
this world-renowned inventor. By the creation of the rotary fie!d motor, 
which now, some six or seven years from its birth, is a commercial 
success, and the brilliant 'investigations he subsequently made in the 
direction of high frequency phenomena - not yet so far advanced - Tesla 
has established his right to  be regarded as the most promising inventor 
in electricity that we have today. It is, therefore, only natural that, when 
without warning all his records and more recent apparatus are suddenly 
wiped out of existence, the public should be eager to  know what he had 
in preparation for his next s prise. 1 The so-called "Oscillator was near to a practical working form when 
the fire occurred, and as this machine, in a less finished shape, had been 
exhibited at the Chicago Exposition, and has received a large share of his 
attention since that time, he has wnsiderately given the public some 
photoqraphs and details of the more advanced forms of this engine. 
Tesla's researches and inventions have heretofore been confined to  purely 
electrical problems, and electricians were naturally expecting a con- 
tinuation of such work, but this inventor appears t o  delight in surprises, 
and when the Oscillator was announced for the first time, the general 
conclusion that Tesla had contrived some way of shaking the earth's 
electric charge, or had made some other ultra scientific step of a like 
charact&, was far from the truth. 

Of all things yet produced by him the Oscillator is certainly the most 
thoroughly mechanical and possibly the most practical. The term "Oscll- 
lator", in fact, was evidently selected by him in order to  distinguish it 
from other well-known forms of vibrator. and gives h q r d l ~  any idea I 

either of the machine itself or the functions it is designed to  perform. 
There is, indeed, no connection between this machine and his former 
productions, except through the fact that its purpose is to  economize t h e -  
work of the steam-engine and the dynamo at the same time, and so ma- 
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terially to increase the output of these two essentials of every large 
' electric generating plant, the combined weight and cost of the two being 

greatly reduced. 
The Oscillator, in fact, is an "engine dynamo", consisting of a novel 

form of steam engine combined with and operating on the same bed plate 
a novel form of dynamo. To understand how such a contrivance can have 

a any practical value in electric generation it is necessary first to corfsider . ihe essential features of any ordinary electric plant, their relations to 
each other, and where any losses of power seem unavoidably to enter. 
In plain terms, all such plants at the present time consist of two indepen- 
dent parts, the steam-engine and the dynamo. This the engine drives 
generally by indirect methods, as it would any other piece of machinery, 
as lathe or a planer, through a system of shafting and belting. True, in 
modern plants, where large units are employed of five hundred horse- 
power or upward, the moving part of the dynamo is secured directly to 
the driven shaft of the eingine. This plan is known as direct coupling, and 
though it introduces no small degree of economy in operation, it  seems, 
according to Tesla, to be only a step in the right direction It saves, for 
instance, at least one unnecessary line of shafting with its attendant 
friction; also, the work wasted in driving the belt or gearing of some 
kind between the engine and the dynamo, which is a far greater useless 
drain upon the steh-power. 

Direct coupling is, therefore, all very well, so far as it goes, but we 
have not saved much, if anything, in floor space, or in weight, for we have 
still an ordinary engine and an ordinary dynamo as before. Are there not 
other losses equally easy to eradicate? Every engineer knows how really 
imperfect the steam-engine itself is in respect to  work wasted in the 
friction of many parts that are purely auxiliary, yet apparently necessary 
to its operation; and although the dynamo, the much younger machine 
of the two, is a far less wasteful engine, there is still in every reliable 
form a large percentage of wire that does no work, the friction resistance 
of sending current through which has to be overcome. Consider the 
steam-engine first. Here we have a steam cylinder in which is produced 
the reciprocating motion of the pisto rod, and this motion, which repre- 
sents the active power of the engine,%next converted into rotary motion 
through a system ot auxiliary parts, namely, the connecting rod, the 
crank, and the attached fly-wheel. These parts all consume work by 
friction, but by far the greatest loss lies in the change from the reci- 
procating, or to and fro, piston motion to  the rotary motion of the crank, 
the actual power of the piston working, as it does, at every point of the 
circle at a disadvantage, owing to the varying inclination of the crank and 
piston rod in all positions. Rotary motion once obtained, however, we 
have to reconvert a portion of it back again through further auxiliery 
apparatus - the eccentric with its rods and valves - to the reciprocating 
motion of the valve in the steam chest, which latter by its great friction, 
due to the steam pressure, wastes no inconsiderable amount of power. 
Thus we see that in the steam-engine all the apparatus except the piston 
and steam cylinder are auxiliary to it, and all waste, or use up without 
doing any work on the shaft of the engine, some of the energy delivered 
by the expanding steam to the piston head. In fact, i t  is plain that our 
conversion of the reciprocating motion of the piston to the rotary one of 
the fly-wheel is wasteful, and if done away with a considerable saving of 
power could be effected. 

Unfortunately, however, in all the machinery for which the steam- 
engine has been heretofore used as a motive-power or driver, the rotary 



motion was required in the apparatus, and was, therefore, made in the 
steam-engine which drove it; all machinery, in fact, with very few 
exceptions, being essentially rotary. 

On the other hand, if we examine the dynamo we shall find that we 
have made the dynamo a rotary machine only because the steam-engine 
is, and to  accommodate it to  the latter. The dynamo had to be driven by 
a steam-engine, and in its evolution was naturally first made rotary in 
order to adapt it to existing forms of the steam-engine. 

It is well known t o  electrical engineers that the simplesb and most 
economical forms of dynamo have reciprocating parts only, and that the 
rotary form can only be contrived at a certain loss of efficiency. We may. 
therefore, state in general terms that the usual form of engine, rotary, 
is not adapted to the best form of dynamo, while the best type of engine 
for driving the simplest and most economical form of dynamo, that having 
a reciprocating motion only, has not yet been contrived or designed; not 
because of any inherent difficulty in the designing of such an engine, but 
simply because such a machine has heretofore had no particular sphere of 
usefulness. 

The Tesla Oscillator is revolutionary in this respect, that it reverses 
the existing forms of engine and dynamo construction by making them 
both reciprocating in their action, thus coupling an efficient dynamo to  
a steam-engine, which, being also reciprocating, has no wasteful auxiliary 
parts, and no wasteful conversion of the original reciprocating motion to 
the rotary f o m  of motion. Such, in general terms, is the Tesla Oscillator. 
It aims simply at a higher economic construction of the two essential 
parts of an electric generating plant, and in formulating this idea Tesla 
makes one machine of the two on one bed-plate, and thus again makes 
no little saving of space and weight. 

While this construction, as described for sake of simplicity, might 
seem easy at first glance, a few engineering difficulties of a purely me- 
chanical character s w n  become evident that render the solution of the 
problem one of extreme difficulty. 

Briefly stated they are as follows: The dynamo t o  be economical 
requires an extremely high rate of to-and-fro motion, say a t  least eighty 
to  one hundred strokes a second, while the steam-engine, on the other 
hand, owing to its necessarily heavy parts, requires a very slow rate for 
a dynamo, say ten strokes a sec d, and these adverse requirements of 3 the two machines must somehow e reconciled. 

Again, the conversion to rotary motion in the steam-engine from the 
reciprocating form through the medium of the crank, serves a very useful 
Durmse, especialy in the case of heavy and mwerful engines. This con- 
nection of the piston t o  the crank causes the piston to  start up slowly 
under the enormous pressure of the steam, attaining its highest speed 
only for an instant about midway of the stroke, then slowing gradually 
down to  the end of the stroke, where it is zero. The piston is then ready 
to resume its backward journey in the same mannsr without shock or 
jar to the structure. We thus see that there is a t  least one compensating 
feature in our'conversion loss, for it would evidently be impossible to 
send the heavy piston, weighing, perhaps, a thousand pounds, at  ful! speed 
from one end of the cylinder to  the other. then instantly arrest its moticn 
at the exact point and send i t  back again a t  the same rate. To do this a 
few times a second would be certain disaster, but to do it a t  a high rate - 
of speed would be as certainly impossible. In the Oscillator the piston 
travels its journey t o  and fro a hundred times a second, and can go much 
faster if required. but the mechanical conditions are all different. In the 



first place, the parts are all small and extremely light, it being claimed 
that an engine of a given power on this plan can be made about one-fortieth 
the weight of an ordinary engine of the same power; secondly, the piston 
stroke is very small, being in no case more than a fraction of an inch: 
and, finally, automatically operated air cushions, or springs, are used, that 
serve to  check and slow down the motion of the piston gradually a t  the 
end of the stroke. 

In one form of the Oscillator two pistons are used that go out and in 
the opposite ends of the same cylinder a t  the same time, thus balancing 
the motion and relieving the apparatus from the rapid shock of vibration. 
Like the engine having two pistons the dynamo is double, or rather there 
are two, one for each piston, each of which carries a ligbt armature that 
it rapidly thrusts into and withdraws from a very intense magnetic field. 
The vibratory form or oscillatory form of dynamo is not essentially new. 
Several earlier laboratory machines having been made this way, perhaps 
the mast remarkable of which was the Edison tuning-fork dynamo, 
remarkable chiefly, however, for its utter inapplicability t o  any use. 

Perhaps the most remarkable feature about the Tesla apparatus is a 
novel system of steam packing introduced, which enables him to  use a 
steam pressure of three hundred and fifty pounds without any perceptible 
leak. This, taken in conjunction with the very high rate of piston speed 
used, which, of course, only compensates for the very short stroke, should 
produce an engine of high economy. As for the dynamo, the type certainly 
admits of high economy in construction, and it is claimed that in one form 
there is absolutely no armature wire that is not cutting lines of force and 
doing work. 

While it is too early to predict the eventual outcome of such revolu- 
tionary steps in both steam and electrical engineering, the developments 
thus far seem to  have been of the most encouraging sort. 



Mr. TESLA'S CIRCUIT INTERRUPTERS* 
# 

For the production of intermittent currents for use in obtaining 
oscillatory currents of very high frequency by means of charging a circuit 
possessing capacity and self-induction, Mr. Nikola Tesla has designed a 
large number of interrupters or make and break devices embodying many 
ingenious features. These interrupters, or, as Mr. Tesla calls them, circuit 
controllers, were patented in a group Gf patents issued August 16, 1898. 

In order t o  make clear the purpose of these devices it may be well 
to  give an untechnical explanation of the means of producing high 
frequency or oscillatory currents. Whenever a charged condenser is short 
circuited through a circuit containing self-induction the sudden rush of' 
current, by an action analogous with mechanical inertia, over-discharges 
the condenser, charg'ng it up in the reverse direction; this again 
discharges the other way, again reversing the charge in the condenser, 
and so on, the oscillations gradually dying out a t  a rate dependent on the 
resistance of the circuit. With ordinary Leyden jars and the small self- 
induction obtained by a few turns in air, these oscillations have a fre- 
quency of several hundred thousand alternations per second, this 
frequency running up as the capacity of the condenser or the amount 
of the self-induction is diminished, being, in fact, inversely proportional 
to  the square root of the product of the capacity and the self-induction To 
start  such an action the condenser must first be charged and then closed on 
its discharge circuit. The s'mplest way of accomplid~ing this, and the 
means most commonly used, is t o  insert a spark gap in the circuit and 
in shunt with this spark gap connect the secondary of a high-voltage 
transfcrmer supplied with o r d i h y  alternating current, or the secondary 
of an induction coil. The action, then, is as follows: As the voltage rises 
in the transformer the condenser is gradually charged until the pressure 
qets so high that it jumps across the spark gap. The spark or arc here 
formed is of such a low resistance that the condenser and its discharge 
circuit are practically short circuited through it, and the cscillations 
continue f o r a  short while, until the arc dies out, the action being repeated ' 
a t  the next reversal of the alternating current supplied. 

Such a method is extremely wasteful of power, for two reasons,- 
First, because the secondary of the transformer is short circuited just 
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at the peak of the wave; and, second, because the arc or spark offers 
some resistance to the high-frequency oscillations, which, therefore, die 
out more quickly than they would if they were not opposed in this way. 
A far better plan, therefore, is the use of a mechanical interrupter, such 
as those described below, the action of which can best be understocd by 
a reference to  Fig. 3. Here A A are the terminals of the source of supply, 
which may be either direct or alternating current at  commercial pres- 
sures, 100, 200, 500 or 1000 volts. A' is a highly inductive coil which 
should be wound on iron. A" is the condenser, B a small self-induction, 
and C the interrupter. The action is as follows: When the circuit is open 
at C, the Pressure applied from the source of supply acts through A' and 
B to  charge the condenser, A". Suddenly A" and B are short circuited 
through the interrupter, C, and the condenser discharges with oscil- , 
latiom, occurring perhaps several hundred thousand times per second. 
These gradually die out, becoming negligible after perhaps 200 or 300 
oscillations, when the circuit is suddenly opened again at  C. It should be 
noted that C, besides short circuiting the condenser through its slight 
self-induction, B, has also short circuited the source of supply connected 
to the terminals, A A, through the inductive coil, A'. This short circuit is 
so brief, however, that the incoming current has not had time to rise to 
an undesirable strength, but has been he!d back by the self-induction 
of A'. It has also while rising been storing up, so to  speak, a certain 
amount of energy in the magnetic circuit of A'. Now, when the circuit at 
C is again opened, this current, passing through A', tends to persist, owing 
to the self-induction therein, and charges the condenser A" up t o  a voltage 
considerably higher than that of the source of supply, the energy absorbed 
in the magnetic circuit of A' passing out thus into the condenser A", 
charging it to a high voltage, the interrupter, C, afterward short circuiting 
this and allowing the current to  oscillate again through the discharge 
circuit, B. 

Thus the interrupter, C, inductive coil, A', and the source of supply 
act to open the condenser circuit for a brief instant and charge the 
condenser by a sort of electrical blow, immediately short circuiting it 
again and allowing it to  discharge in oscillations. If the condenser 
discharge circuit is tuned to  a frequency of, say, 300,000 per second, and 
its resistance is such that 300 oscillations take place before they die 
down t o  a negligible value, the interrupter, C, should make and break the 
circuit about 1000 times a second. There will then exist in the condenser 
discharge circuit, B, a cycle somewhat as follows: A sudden surging 
charge followed by an oscillatory discharge, starting with high waves, 
which gradually die down until interrupted by the next surging charge, 
etc. Owing to the enormous frequency of these oscillatory discharges, 
they can be transformed by ordinary double-winding, stationary alter- 
nating transformers, with a very small a.mount of material for their 
capacity, since the capacity of any transformer is proportions1 to the rate 
of change of lines of force, and is hence proportional to  the frequency of 
the alternating currents therein. So high is this frequency that an air 
magnetic circuit is all that is necessary, iron, in fact, being a disadvantage, 
owing to the energy lost within it in eddy currents and hysteresis, with 
such a high frequency. In the figure, B represents the primary of such a 
high-frequency air transformer, B' being the secondary, wit a winding 
of more turns to  obtain higher tension, the output of which delivered 
to any translating devices, as B". 

1 
The distinguishing feature of the devices described below is the use 

of a liquid for one or both of the contacts of the make and break devices, 



this liquid preferably being mercury, acting in some instances in the form 
of a jet and in other cases as a surface with which a solid conductor makes 
and breaks a contact. Ingenious applications are also made of other prin- 
ciples, such as the use of a liguid dielectric between the contacts, inert 
gases under high pressure, jets meeting each other, etc.; and all the 
instruments are worked out with great perfection of detail for continuous 
and practically frictionless runnig, such as t o  require a minimum of 
attention. 

Fig. 1 Fig. 3 

The requirements of such an instrument are well stated in the patent 
specifications, as follows: The capability of effecting an extremely rapid 
interruption and completion of the circuit, the latter being positive and 
abrupt; the apparatus not to be liable to Uerangement, and capable of 
prolonged use without attention or adjustment. 

Of the various types described the first is that shown in cross section 
in Fig. 1. This consists of an inclosing shell. F, arranged to  be rapidly 
rotated by means of a motor coupled to  the shaft shown a t  the left, and 
containing two liquids of different specific gravities, that with the higher 
specific gravity being a conductor and the other an insulator; preferably 
the conductor is mercury, the insulator being some hydrocarbon. When 
the shaft and shell mentioned are rapidly rotated the me cury flies to the 
periphery by centrifugal force and forms a ring showAat R, the other 
liquid forming an inner ring, as shown at S. Within the shell is an arm. -- 
L, supported on a non-rotating shaft, H, carrying a wheel, M, witn 
projecting points sufficiently long to touch the mercury, R. As the liquids 
revolve they rotate this wheel at high speed, the points of which sucres- 



sively and repeatedly d p into the mercury rim and leave it again, the 
relative motion being a hypo-cycloid. The insulating liquid, under consi- 
derable pressure, owing to  centrifugal action, forces itself between the 
mercury and ihe points as the latter recede and extinguishes the arcs 
which tend to form acrnss tnese gaps. Other figures attached to the same 
patcn~ show the machine assembled with a motor, condenser ar.d t ~ a n s -  
former. 

Fig. 2 

The next patent describes the waste of energy which occurs during 
the periods of make and break, or both, due to the passage of the current 
through a n  arc formed between the terminals; this loss of energy is said 
to be generally such, as to render impossible a practical and economical 
conversion of considerable amounts of electrical energy by means of 
ordinary make and break devices, particularly in cases where a high 
frequency is required. Experiment and investigation have led Mr. Tesla 
to recognize the following laws governing this waste of energy: First, that 
the loss in any device for making and breaking a circuit. other conditions 
being the same, is inversely proportional rather to the square than to  the 
first power of the relative velocity of the terminals in approaching and 
receding from one another in case the current curve is not s steep as 

(Fh a 

t o  materially depart from one which may be represented by a sl ple sine 
fllrlction of the time; but such a case seldom obtains in practice; cm the 
contrary, the current curve resulting from a make and break is generally 



very step and particularly so when the circuit controller effects the 
charging and discharging of a condenser, and consequently the loss of 
energy is still more rapidly reduced by increased velocity of approach and 
separation. 

With a view to securing an interrupter in which not only the relative 
speed of the terminals but also the frequency of the interruption should 
be very high, the instrument shown in Fig. 2 was designed: this consists 

Fig. I .  

essentially of a shell, as attached to the external armature, f ,  of a direct- 
current motor with a commutator, g ,  and field magnets, d ,  by which 
means the shell, a is rotated at high speed on a self-oiling spindle, L.. 

Projecting downward from the upper lid of the shell is a series of teeth, 
1 ,  and within the case is a nozzle, k ,  arranged to throw a jet of mercury 
against these teeth: the nozzle is attached by means of an arm, i, to an 
armature, h, which is prevented from rotation by means of the field of 
force of an external non-rotating maqnet, 0, th's field acting through the 
shell of the rotating case on the armature within. When mercury is placed 

# 

within this case and the latter is revolved the mercury rises by centrifugal 
force against the outer wall and is caught by an open mouth or scoop 
attached to the non-rotating nozzle, k. and directed by the latter againsb- 
the teeth, I .  The main circuit is open between this nozzle and these teeth. 
and is intermittently closed by the jet of mercury. 



For the further reduction of arcing others have used contacts made 
in a high vacuo, but Mr. Tesla claims that only a moderate improvement 
' is secured in this manner, and this can be greatly exceeded by the use of 

certain fluids inert chemically maintained at a high pressure in the make 
and break chamber. It is found that in such a case the arc, when formed, 
is restricted to a small cross section or is, in other words, prevented 
from expanding laterally, and is therefore more quickly raised to a high 

f 

resistance, choking back the current to such an extent that the arc is 
more promptly extinguished. 

Fig. 5 

Fig. 4 shows an apparatus designed to make use of this principle. 
Here F is the laminated field ring or primary of a rotary field motor, the * 
secondary of which is wound upon the rotatable core, E, mounted on the 
shaft. D. within the gas-tight shell, A, which is closed by the insulated 
and gas-tight cover, B. The rotating field of force obviously acts through 
the shell, B, which should be an insulating material or high-resistance 
metal, and rotates the parts within which carry a crown of downwardly 
projecting teeth, H, and on the lower end of the shaft a screw pump, I. 
This screw pump-acts upon the mercury in the lower part of the vessel, 
forcing it outwardly through tubes, J, from which it emerges in jets 
aqainst the teeth, H; these jets and teeth make and break the circuit as - 
in the apparatus described above, the whole being kept under pressure a 

by an inert fluid shown in the cup, M, a t  the top of the apparatus; this 
liquid may be such a one as anhydrous ammonia, giving, at  ordinary tern-. 



peratures. a high pressure. due to  its restricted evaporation and low 
boiling point. The gas is carried down into chamber through the tube, N, 
in the fixed internal part of the ball bearing, C. 

A means of accomplishing the same result without the use of a 
magnetic field acting through a fixed gas-tight wall, utilizing instead the 
force of gravity, is shown in Fig. 5 ,  where A is again a gas-tight case 
supported upon. an inclined spindle, B, and arranged to be rotated by a 
direct-current motor with outside armature similar to that shown in ' 

Fig. 2. Within this case is an eccentric weight, K, mounted on a self-oiling 
spnidle, J. with a ball thrust hearing to avoid its being dragged around by 

- - - -  - 
. 
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Fig. 6 

friction Owing to the inclination of the rotating axis of the system from 
the vertical, this weight, K, tends to remain a t  the low side and not to 
revolve with the case. Attached to this non-rotating weight, K. is an arm. 
L. carrying another ball bearing shaft, N, supporting a number of vanes. - 
Q. When the case is revolved the mercury contained therein is maintained 
by centrifugal force in the form of a ring against the outside wall, i n t ~  
which ring the vanes, Q, dip and are rotated at high speed, making and 
breaking a contact between themselves and the mercury. I 

Still another device for obtaining a rapid make and break in a gas- 
ti!:ht chamber, this time utilizing both the rotary field and the eccentric- 
weight, is shown in Fig. 6, where G G are two stationary primaries of th3 
in.luction motor, which in this case is arranged in a vertical plane of 
rotation, H H being two secondary rotors, the necessity for two elements 



being the division of the rotating part by insulating gaskets into two 
spindles. J J. Fastened also to  them is the central vertical journal, K, in 
weights, I I, fastened together by an insulating joint and supported on the 
spindles, J J., Fastened also to  them is the central vertical journal. K, in 
which rotates the spindle, L, carrying a wheel, M, and inclined helically 
bent blades, N N. As before mercury placed in the revolving case is car- 
ried around by centrifugal force and, meeting the spouts attached t o  the 
nozzles, Q, is driven by its own inertia through them against the blades, 
N N, which, owing t o  their inclination, are given a rapid rotary motion 
about the spindle, L. The claims of novelty made for this combination 

L I 
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Fig. 7 

are the facts that  the action of the jets themselves puts in motion the 
solid terminals of the make and break device, with a speed very high 
compared with that of the shell, and that the motion of the vanes acts 
gyroscopically to  prevent oscillation (and hence variation of the frequency) 
of the eccentric weights, I I. 

A similar make and break dev'ce, in which, however, both terminals 
are liquid jets, is shown in Fig. 7. Here, as in Fig. 6, are the two rotary 
field motors rotating in a vertical plane with eccentric weights, K K', the 
scoop attached t o  the former directing a jet from the nozzle, L'. The scoop 
attached to the other is intended to  direct the liquid through the tube. 
M, to the axis of rotation, whence it is distributed through passages in 
the rotating case to the nozzles, 0 0. These jets striking that from 



L' make and break the circuit between the two insulated halves of the 
shell, thus giving liquid contacts a t  both terminals of the make and 
break device. 

Another interesting variation of the inclined axis arrangement shown 
in Fig. 5, giving mercury terminals in another way, is shown in Fig. 8, the 
essential features of which are a rotating shell, A, eccentric weight. J, car- 
rying a tube. P, with scoop and nozzle and an unbroken solid metal 

' Fig . 8 
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terminal, M, with which the mercury makes contact. Rotating with the 
shell is a crown of downwardly projecting teeth, 0 0, these teeth being 
in this instance insulators preferably non-organic and vitreous. These 
insulating teeth cut off the stream of mercury intermittently, giving a 
rapid make and break with mercury terminals. 

A further modification by which higher frequency is obtained is 
shown in Fig. 9, the frequency being doubled by means of rotating both 
terminals of the make and break device in opposite directions. This is 
effected by means of one yotary field generated by the primary, 
H, actuating the rotatable secondary, G, which carries on spindle, C, the 
gas-tight shell, D, through the upper part or cap of which, F, still anotha 
rotary field acts upon the secondary wound upon Q, which in turn is 
rotatable on spindle. P, and carries by means of arms, T, the mercury I 

scoops and jets, V. These move in one direction while the teeth, L L, rotate 
with the case, D, in the opposite direction, thus giving double the frequency 
obtainable with the same angular velocity and one member stationary.; 

A most curious modificati0n.i~ shown in Fig. 10, in which the winding 
of the secondary of one of the elements, instead of being =I copper short- 



Fig. 9. 

Fig. 10 

circuited squirrel cage, as in the induction motors described above, 
consists of the mercury itself, this being arranged in two rings, B B', - 

a 

forming the two terminals. A powerful rotating field, generating Foucault 
currents In these rings, will rotate them with a high velocity, the field 
completing itself through the stationary core, E'. Above is another rotary 



field actuating the secondary, N', which carries the star wheels, L'L", 
whose teeth dip into the mercury rings below. The element carrying these 
wheels is supposed to  rotate in the opposite direction from the rings of 
mercury, giving the star wheels a high peripheral velocity and a cor- 
respondingly high frequency of make and break. 

Another patent issued simultaneously with those described above and 
by the same inventor covers an improvement in electrical igniters for gas 
engines, as shown in Fig. 11, . 
the principle being the use of - - i I----- ' <  

an oscillatory discharge in the 
cylinder of the engine, the pri- 
mary impulse being obtained 
a t  the proper instant from a 
contact actuated by the motion 
of the engine parts. 

In the figure, E is the ' 
source of current. H an induc- 
tive coil, G a condenser, and K 
the transformer; a t  a, is shown 
the contact for short-circuiting 
the primary and condenser a t  
the proper time, thus causing . a 
a discharge from the secon- 
dary between the terminal, Fig. 11 
L, and the piston, B. 

Remarkably broad claims on these various mechanical combinations 
have been obtained, the most important being briefly as follows: a rotating 
receptacle and independently mounted terminal, making contact with the 
fluid therein; a jet making contact with spaced conductors in combination 
with self-contained means for maintaining a circulation of the fluids (the 
use of a jet contact being well known in the art was not broadly paten- 
table); an interrupter surrounded in a closed receptacle by an inert 
insulating medium under pressure; the u s e d  jets for both terminals and 
the use of a jet intercepted intermittently by insulating solids. 



J. WRIGHT 

\ SOME NOVEL INVENTIONS OF NIKOLA TESLA* 

Most members of the electrical' profession associate the name of 
Nikola Tesla with high-frequency and high-potential currents, and few 
are acquainted with the fact that he, has also invented several novelties 
for use in other branches of the profession. It is of some of these extra- 
neous productions that I purpose treating in the course of this paper. 

The first item consists of 
an electrolytic meter, the prin- 

'ciple underlying the action of 
which is as follows: A conductor 
is immersed in a metallic so- 
lution, and the current to be 
measured is pgssed through it. 
The action of the current in 
passing is to remove from or 
deposit on the cqnductor a 
certain quantity of metal, and 
by so doing alter the electrical 
resistance of the conductor. 
which can thus, if necessary, 
be caused to register auto- 
matically when the current pas- 
s:ng rises above or falls be ow 
certain limits. Fig. 1 is a dia- H 

Fig. 1. grammatic view of the ap- 
paratus. A is the glass containing 

tube of cylindrical form, sealed at each end by an insulating and 
watertight plug, B C, through which pass the leading-in wires; a b are 
the active conductors of the apparatus. They are placed parallel to one 
another throughout the length of the tube. A, and are connected in series 

r 

through a resistance, D, with the generator, E, and energy-consuming 
circuits, F, in such a manner that there is an equal difference of potential -- 
between them throughout their whole length 

* TheE1ectric.l Engineer, London, 10. VIiI 1900. p. 190 



Under the conditions described above a current passing through n 
and b will establish a difference of potential between them proportional 
to the current strength. This gives rise to  a leakage between them which 
is proportional to the potential difference, and therefore to the strength 

, o f  the current passing through the conductors. Again, owing to the' fact 
that there is a constant difference of potential between the two conductors 
throughout their entire length, the current density through the electrolyte 
will also be uniform, and as a natural consequence the metal will be 
removed a t  a uniform rate from one conductor and deposited a t  an equal 
rate on the opposite one, thus causing an alteration in their electrical 
resistances proportional to  the strength of the current passina through 

Fig 2. Fig. 3. 

them, from which given quantity the value of the latter can be readily 
ascertained - in the first instance by experiment, and in the second by 
comparison. It will be seen that th's apparatus is somewhat similar in 
principle to that of Edison, with this difference - that the results depend 
in one case on electrical resistance, and in the other on actual weight. 

The modus operandi of the apparatus is as follows. The two con- 
ductors, a and b, are first accurately gauged and measured for resistance, 
tne results being carefully noted. A fixed current is then passed throujh 
the instrument for a certain time, and the respective diminution and 
increase in the resistance of a and b is then ascertained. From the facts 
thus gathered a constant is obtained whereby the instrument is rendered 
capab1.e of accurately recording any succeeding currents which may 
traverse the active conductors, a and 6. A test of its accuracy is provided 
by the separate measurement of the two conductors, when the gain in the 
resistance of one should equal the simultaneous loss in the other, or, as 
a further proof, the resistance of the two conductors measured in series 

0 

with the resistance. D, should be a constant quantity. It is hardly neces- 
sary t o  mention that at certain intervals the direction of the current in 
the two conductors, a and b, must be reversed in order to  equalise the 8 

metallic reduction and deposition respectively. The advantages apperta- 
ining to this form of meter are obvious. The readings can be made directly - 
by means of an ohmmeter; the whole of the current may be passed- 
through it provided that the gauge of the two wires, a and 6, be suf- 
ficiently large, thus rendering the use of shunts and attendant inaccurac'es 



unnecessary. The accuracy of the instrument is not impaired t o  any 
appreciable extent by temperature variations. Above all, it is a cheap 
form of apparatus for the purpose. 

The next inventions with which I purpose dealing are those involved 
manufacture of dynamo commutators and brushes, in which 

ing is reduced to a minimum or even rendered impossible. Devices 
or the reduction of this generally necessary evil were no doubt suggested FY 

to  Mr. Tesla by his marked antipathy to commutators of any description, 
brought to light by a consideration of his commutatorless motors. Fig. 2, 
which is a diagram of an anti-sparking brush device designed by him, 
will help to explain its principle. A is the end view of an ordinary con- 

tinuous-current dynamo com- 
- - 

7 -  mutator, B being the brush. 
D which is divided into three 

principal parts: a, the metallic 
A brush, as usual; 6, a plate of 

mica or other suitable insulating 
material, such as asbestos pa- 
per; and c, a flexible spring, 
which regulates the pressure 
of b, and is governed by the 
set screw, d. The principle of 
the device will no doubt be 
understood from its construct- 
ion. The formation of an arc 

I or spark between the brush, 

t 
a, and the commutator seg- 
ment which is just leaving it 

-- is prevented by the contact 
made between the insulating 

Fig. 4 strip, b, and the corresponding 
insulating material of the COm- 
mutator. In some forms of this 

brush two separate strips of insulating material have been introduced at 
b, instead of one, with advantage. 

In another device designed with the same object in view - viz. the 
elimination of sparking between commutator segments and collectors - 
both apparatus take the form of discs with their faces well surfaced 
revolving accurately against one another. Fig. 3 is a diagrammatic end 
view of the commutator disc of one of these devkes. A is the dynamo 
shaft; B and C are the metallic sectors; D and E the corresponding sectors 
of insulating material, this being only a simple two-part commutator. 
The whole surface of the disc in Fig. 3 is accurately faced and smoothed. 
so that both metallic and insulating sectors are flush with one another. 
The collector disc is the facsimile of that shown in Fig. 3, but is not keyed 
to the shaft of the dynamo. 

A general idea of the complete apparatus may be gained by a 3tudy 0 

of Fig. 4, which represents a longitudinal section of the commutator, A, 
and B, the collector; a a represent two metallic and b b two insulat5g f 

sectors; c c are insulating rings which surround the outside edges of the 
sectors, and prevent a dissolution of partnership on the ground of c e d -  
fugal force; C is the dynamo shaft, through the tubular extremity of 
which are brought the wires from the armature coils; d is an insulatixg 
collar placed between the sectors and the shaft to prevent contact, md 



revolving with the latter; e is a similar insulating sleeve for  the collector. 
and the dynamo shaf t  revolves inside it; a Cap, is Screwed on the end 
of khis movable sleeve, and the pressure of a Set Screw. 8, on the end 
of a stiff steel spring, h, serves to  maintain good Surface contact, between 
the commutator and collector surfaces; D is a quadrant for adjustment 
with a set screw, j, which takes the place of the ordinary brush-rocker, 
and serves to  se t  the  angle of the collectors. The advantages of this form 
of dynamo commutation will 
also be readily seen. The short- --- '- 

-. . 
circuiting interval is reduced 
to  a minimum by the  simulta- 
neous "make" and "break" of 
the sectors, which reduces 
sparking, besides increasing 
the efficiency of the machine. 

In another form of the 
same device a liquid - mer- 
cury, to  wit - takes the  place 
of the solid metallic sectors. 
The two discs are built com- 
p!etely of insulating material 
in this case, and in place of the 
solid metallic sectors cavities Fig. 5 
are left in their faces. The 
terminals of the  collector end in 
airtight spring plungers or buffers, which serve t o  regulate the pressure 
of the mercury under the  action of centrifugal force, and also to ensure 
a good contact between it and the terminal screws. Bn both forms the 
insulating blocks should be constructed of some durable material, such 
as glass or marble, whilst in the solid form the efficiency and durability 
may be a.ugmented by facing the edges of the metal segments, between 
which the major portion of the sparking would tend t o  take place with 
some durable conducting material, such as  platinum. 

In the course of his electrical research. Tesla has not failed t o  study 
the subject of thermomagnetism, and as  a result he constructed one or 
two rather ingenious forms of thermomagnetic motor, which are; however, 
for obvious reasons, still in an experimental stage. They are  founded on 
the fact proved by Dr. William Gilbert a t  the beginning of the seventeenth 
century, that a magnet or lodestone when heated to  redness is deprived 
of its magnetism The principle underlying the  device is illustrated in 
Fig. 5, in which A is a standard or support carrying a magnet, B, permanent 
or otherwise. C is an a ~ m a t u r e  of the latter, forming the  bob of a pen- 
dulum rod, D, supported above; E is a spiral spring which comes into 
play when the armature is demagnetised; F is a gas-burner or other 
suitable source of heat; and G is a wheel and connecting rod by which 
the power is converted into the ordinary form of rotary motion. I ts  action 
is as follows. The armature, C, is in the first instance attracted by the 
magnet against the tension of the spring E. On heating C by means of the 
burner, F, it loses its magnetism and is drawn back by the spring out of t 

the flame. On cooling, the magnetism again comes into play, and the 
armature returns t o  its original position, to  be again heated, and so it goes-- 4 
on, the motion being of necessity somewhat slow. 

There are several modifications of this motor, all working on the 
same main principle. In one the core of the electromagnet is made 



movable, and takes the place of the swinging armature, C, which is fixed. 
To the end of the magnet core it attached a shield, which, when the 
armature loses its magnetism and the core os drawn back by the spring 
in consequence, comes between the armature and the flame, and allows 
the former to cool by intercepting the heat rays. In another form the 
armature rocks over the two pole-faces of a permanent horseshoe magnet 
spanned by a sheet-iron keeper, which latter is heated by a burner whose 
tap valve is controlled by the rocking armature itself. 

A studv of the reverse of 
these conditions. also led - ~ r .  
Tesla to construct a pyro- 
magnetic generator based on 
the undermentioned laws: 
"Electricity, or electrical ener- 
gy, is developed in any con- 
ducting body by subjectinq 
such body to a varying magnetic 
influence. The magnetic pro- 
perties of iron or other mag- 
netic material may be partially 
or entirely destroyed or caused 
to  disappear by raising it t o  a 
certain temperature, but resto-. 
red and caused to  reapper by 
a ~ a i n  lowering its temperature 

Fig 6 t o  a certain degree". Tesla's 
apparatus for practically ap- 
plying these laws is repre- 

sented diagrammatically in Fig. 6. A is a permanent magnet, the poles 
of which are bridged across by a casing containing a number of iron 
tubes B. Round this compound bridging-piece are wound the collecting 
coils C and D, which serve to collect the current generated. E is a closed 
furnace surrounding the central portion of the bridging-piece, and 
surmounted by a boiler F, the steam generated in which is conveyed to  
the tubes B, in the bridging-piece by the pipe G. H is the water-supply 
pipe, and J the exhaust. The admission of steam is regulated by a valve 
K, under .the control of the magnet A. 

From the several inventions dealt with above, it will be seen that Mr. 
Tesla has not confined his labours solely to the field of high frequencies. 



THE TESLA PATENTS 

SWEEPING DECISION IN FAVOR OF THESE PATENTS BY THE UNITED 
STATES CIRCUIT COURT 

Judge Townsend of the United States Circuit C a n t  of Connecticut, 
recently handed down the decision sustaining the three Tesla patents of 
May 1, 1888. These patents are numbered 381.968, 382,280 and 382,279. 
The suit was that of the Westinghouse Electric and Manufacturing 
Company against the New England Granite Company. 

The decision is a very sweeping and interesting one to the entire 
electrical fraternity. and we present it almost in full herewith. 
Townsend, District Judge. 

The patents in suit relate to the a r t  of electrical transmission of 
power by the We of mechanically generated alternating electric currents. 

It is. of course, understood that the real nature of electricity is still 
unknown, and that the nomenclature used herein, such as "currents", 
"flowing", etc., are merely convenient technical terms to indicate certain 
known results. 

The electric current induced by a mechanical generator -. a dynamo - is necessarily alternating in character; that is, alternating in direction, 
so that the current, acting on an armature, first tends to  actuate it in one 
direction and then reverses said effect and neutralizes such actuation. 
Such a current flows uninterruptedly and regularly, but rises in intensity 
from zero to maximum and falls from maximum to  zero, and then repeats 
said variations in the opposite direction. Its curve of increase or decrease 
of strength is indicated by a wave line or sine curve. 

Every mechanically generated current is naturally and originally an 
alternating current. Formerly it was not considered practicable to  use 
mechanically generated currents until their alternations were straightened 
out by means of commutators which reversed the direction of the current 
so as to  make it flow continually through the conductors. A current which 
is periodically reversed by a commutator which thus breaks the current 
between the changes in direction and takes off the current in sections, 
is known as a reversed or alternating current. This distinction between 
an alternating and an alternated current should be carefully noted. An 
alternating current continues to act in opposite directions as originally 
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generated. An alternated current has been so reversed that the whole 
flows in one direction and is then known as a continuous current. When 
so reversed by commutators as to becomc: continuous, the current loses 
certain characteristics essential to  its highest efficiency. 

Prior to the Tesla inventions, only reversed or alternated electric 
currents were used for the transmission of power. The application of this 
system for the transmission of power ,was limited, for various reasons; - among others because a large current could not be safely used at suf- 

! ficiently high pressure for long distances. On the other hand, the pure 
alternating current was practically unlimited in volume and pressure, 

t I and a change of pressure could be economically effected by the use of 
a transformer. 

Prior to Tesla's inventions, however, these rapid alternations of the 
alternating current prevented the motor from starting its revolution and 
interfered with its continuing in operation, except when in synchronism 
wlth the generator. It was therefore impracticable for varying loads. 

The problem which was presented to Nikola Tesla, and which he 
successfully solved was: How to  overcome the difficulties attendant upon 
the use of the alternating currents so that their inherent vitality and 
untrammeled energy might be utilized for the unlimited transmission 
of power. 

In an electric motor, the tendency of the armature is always toward 
the pole or point of maximum magnetic intensity. If a loosely - pivoted or 
freely-moving magnetic bar or armature be suspended midway between 
two coils of insulated wire wound in opposite directions on a soft-iron 
bar, and one of the coils is electrically energized, north and south poles 
will be formed at the ends of the soft iron bar - their location depending 
upon which coil is energized; but if both coils be equally energized, the 
two poles will neutralize each other and cause a resultant north pole mid- 

I 
1 way between the coils. If, now, the current in one coil be made weaker 
I than in the other, said pole will move toward the coil of greater electrical 
I ,  energy. The magnetic bar or armature will follow the shifting position 

i of the pole, and by thus gradually varying the energy in the coils, the 
armature may be alternately caused to move from the pole of one coil 
along toward the pole of the other coil. 

The alternating current generated by an electrical machine, as before 
stated, constantly varies from maximum intensity to zero in one direction, 
and then from zero to maximum intensity in the opposite direction. 

In the invention of the patents in suit, Tesla availed himself of this 
characteristic feature of alternating -currents in the following way: 

I In constructing a motor, he arranged on an annular soft-iron core, 
two pairs of magnetizing coils, each pair at right angles to the other, 
that is, one coil of one pair at the top and one at the bottom, and one coil 
of the other pair at each opposite side of said core. and mounted an 
armature in the centre. Then, connecting them with an alternating- 
current generator, he caused a current from one pole of said generator 
to pass through one pair of coils and a current from the other to pass 

i 
throuqh the other pair. 

If the cycles of alternating currents be regarded as divided into 360 

I 
degrees, then, as shown in the Tesla illustrations, they will have a relative 
displacement of 90 degrees. In such position the lines of magnetic force -- 
traversing the two coils will be at maximum in one while at minimum in 
the other. This relative displacement marks the differing phase or time 
relation of the two currents. 



The effect of passing two equal currents through said coils would 
be to cause the pole of maximum intensity to  pass midway between the 
poles of the respective pairs of coils. But the effect of the ordinary Ope- 
ration of the generator as before explained was to cause the current in 
each pair of coils to  vary from zero to maximum and to zero and then to 
shift in the opposite direction, the intensity of the current flowing to one 
pair of coils being a t  maximum while that of the other Was at zero and 
one increasing while the other decreased, and the result being to shift 
said poles so as to make them travel entirely around said core. 

Fifteen days after the issue of the patents in suit, Tesla read before 
the American Institute of Electrical Engineers a paper entitled "A New 
System of Alternate-Current Motors and Transformers", in which inter 
alia, he said: 

"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". 

"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 can not be accomplishe$ by means 
of continuous currents". 

"Before going into a detailed descripti~n 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 can not 
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 does i t  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 a commutator on a motor is two-fold; firstly, 
I t  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 I 

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, 
i t  would still be necessary, in order to cause a rotation of the motor, 
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." 

The claims in issue in Patent No. 381,968 are as follows: 
"1. The combination, with a motor containing separate or independent 

circuits on .the armature or field magnet, or both, of an alternating- 
current generator containing induced circuits connected independently 
to corresponding circuits in the motor, whereby a rotation of the generator 
produces a progressive shifting of the poles of the motor, as herein 
described." 

"3. The combination, with a motor having an annular or ring-shaped 
field magnet and a cylindrical or equivalent armature, and independent 
coils on the field lmagnet or armature, or both, of an alternating-current 
generator having correspondingly independent coils, and circuits including 
the generator coils and corresponding motor coils in such manner that 
the rotatiop of the generator causes a progressive shifting of the poles of 
the motor in the manner set forth". 

That of Patent No. 382,280, is as follows: 
"The method herein described of electrically transmitting power, 

which consists in producing a continuously-progressive shifting of the 
polarities of either or both elements (the armature or field magnets or 
magnets) of a motor by developing alternating currents in independent 
circuits, including the magnetizing coils of either or both elements, as 
herein set forth". 

The claims in issue of Patent No. 382,279, are as follows: 
"1. The combination, with a motor containing independent inducing 

or energizing circuits and closed induced circuits, of an alternating- 
current generator having induced or generating circuits corresponding to 
and connected with the energizing circuits of the motor, as set forth." 

"2. An electro-magnetic motor having its field magnets wound with 
independent coils and its armature with independent closed coils, in 
combination with a source of alternating currents connected to  the field 
coils and capqble of progressively shifting the poles of the field magnet. 
as set forth." 

"3. A motor constructed with an annuler field magnet wound with 
independent coils and a cylindrical or disk armature wound with closed 
coils, in combination with a source of alternating currents connected with 
the field-magnet coils and acting to progressively shift or rotate the poles 
of the field, as herein set forth". 

Complainant's theory of the Tesla invention is shown in the following 
citation from the brief: 

"It will be observed that to produce a shifting of the magnetic pole 
in one case, and a consequent movement of an armature corresponding 
thereto, each coil A and B must be traversed by a current of variable 
strength, and in order to secure uniformity of the movement of the pole 
or resultant it follows that the variations in strenght of current in the 
two coils must be gradual and preserve definite relations to  each other, 
throughout the cycle of variation in strength which the two currents 
undergo". - 

"This principle lies at the foundation of Tesla's brilliant discovery, 
the gist of which was the utilization of the alternating currents generated 
by an alternating-current dynamo or generator for effecting such shifting 
of the magnetic poles or resultant attractive forces upon the armature 
of a motor, and thus causing such armature to rotate in response thereto." 



"His broad invention, expressed In a few words, was the production 
in a motor of a progressively-shifting magnetic field (or pole) by mens 
of two or more independent alternating currents, differing in phase, and 
circuits which preserve the independent character and phase relation of 
such currents". 

Defendant's position is shown by the following extract from their 
briefs : 

"Referring further to the -apparatus of Tesla, Waterman says 
(Rec., p. 52): "Briefly then, the apparatus consists of a ring held 
magnet having one set of coils tending to magnetize it on one dia- 
meter and another tending to magnetize it on a diameter at right angles 
to the first, and these sets of coils or circuits are so connected to a proper 
generator as to be traversed by currents such as would be generated by 
two coils a t  right angles to one another rotating in a two-pole field". 
It will be seen from this that complainants claim a broad discovery and 
a broad invention based thereon Defendants, on the other hand, contend 
that the alleged discovery was old, that its application was old, and that, 
since the days of Arago, there was never any room for a broad invention 
in the 'obvious* application of the alleged 'discovery'; and that the present 
state of the art has been developed from the earlier art  including Arago's 
rotation by the mere application of engineering skill possessed by skilled 
electricians who have applied their knowledge as the progressive demands 
of the times called for it, supplemented by inventions special to the motor 
or the generator or the connecting circuits severally, and in no way 
entitling Tesla or any other patentee to prevent the sale of generators 

- and motors through the ownership of an all-controlling patented 
'system' ". 

The well-known Arago rotation is described as follows: 
"Arago's method of producing rotation in a copper disk consists of 

suspending it by its centre so as to make it lie horizontally above the 
poles of a horseshoe magnet and then rotating the magnet about a vertical 
axis. The rotation of the disk is due to that of the magnetic field in which 
it is suspended; and we should expect that if a similar motion of the field 
could be produced by any other means the result would be a similar 
motion of the disk". 

The chief contention of the defendants is that there is no supstantial 
difference in character between alternating and reversed currents and 
that the art of electric lighting illustrated in the alleged anticipations 
showed such an analogous use of reversed currents that the substitution 
of alternating for reversed currents did not involve invention. 

Defendant further contends that the principle of reversibility was 
well known in the art, and as the inventors of electric lighting apparatus 
state that by a reversal of their action. power may be produced, Tesla is 
deprived of all claim to the exercise of the inventive faculty. That Is, that 
the same apparatus may be used as a generator of dynamo-electric 
machine or may be reversed and used'as a motor or electro-dynamic 
machine. 

(This word "reversibility" has no relation in this connection to the 
word "reversed" as applied to currents.) 

In support of their contentions defendants chiefly rely upon four prior I 

publications, namely, the Baily article. of 1879; the Siemens patents, of 
1878; Deprez's article of 1880-1884, and the Bradley application of . 
May 9, 1887. 

(The decision at this point quotes from different authorities at some 
length, from Siemen's British patent of 1878 for improvement in apparatus 



for dynamical production of electricity and its regulation when applied 
for illumination The statement is also made that on May 9, 1887, about 
six months before the filing of the Tesla patents. Charles S. Bradley filed 
his application for his dynamo-electric machine, a generator for converting 
power into electricity. Judge Townsend continues as follows:) 

A comparison of the Bradley application prior to  Tesla with the 
Bradley patent issued subsequent t o  Tesla shows that in the former he 
described a method and illustrated an apparatus designed to  obviate the 
objections to  a two-phase alternating current by combining both cur- 
rents in one by means of a transformer, while from the latter he omitted 
this description and method and inserted figures which, while strikingly 
suggestive of the apparatus shown by Tesla, failed t o  show that he 
conceived the Tesla idea or sought to secure the object of Tesla's 
invention. 

For this reason. and further because Bradley's application is limited 
fn scope, and ambiguous and indefinite; because it fails to  show that he 
had any conception of the Tesla idea of "the utilization of the motor for 
the purpose of progressively shifting the magnetic poles of a plurality of 
alternating currents by circuits which preserved the independence and 
differing time relation of their phases;" because, even if the idea had 
been first conceived by Bradley, it was not sufficiently described to 
disclose the principle or method of cperation; because Tesla was the first 
to reduce this principle to practice, Bradley does not anticipate or limit. 

Defendants' chief reliance is on the Marcel Deprez publications of 
1880-1884, and rightly so, for Deprez not only disclosed the principle 
which Tesla utilized, but he gave a mathematical demonstration of the 
rotating field. Complainant's expert's admission on this point is as follows: 

"The article demonstrated mathematically the fact, which is also 
stated in the Tesla patents, that the polar line of an annular magnet may 
be shifted about through the entire circumference of the ring by the 
action of two magnetizing forces property related". 

(Judge Townsend here quotes from Deprez's writings, and then says:) 
"All that Deprez demonstrated, therefore, was that if a field was 

made in which the field magnet varied relative to  the brushes, or vice 
versa, the angle of variation would be indicated by the needle in another 
machine which would move quickly or slowly as the brushes and magnets 
shifted relative to each other and would indicate the new angle subtended 
between the brushes and the magnet. The only useful, practical application 
of this device was to  attach it t o  a machine which would produce cur- 
rents, and to use the earth or a ship to  indicate the shift of position by 
means of a needle on top of the mast. This apparatus failed to  teach any 
one that alternating currents could be used as a source of power in a 
motor. It was a mere indicator. It did not involve the utilization of two 
alternating currents differring in phase as a source of power in producing 
a continuous magnetic field. It did not depend upon any constant, regular, 
progressive currents, and, so far as the evidence shows, it was like the 
apparatus of Baily, confessedly a mere laboratory experiment. That Deprez 
did not conceive of the Tesla idea of utilizing regu!ar, progressive, constant 
alternations of current is conclusively shown by his own statement in 
1884, after the publication of this paper and after the invention of the 
Gaulard and Gibbt alternating-current systems for lighting, when he 
published another paper in which he criticised the system and stated that 
ope of the most serious objections to it was that it was not applicable to 
the transmission of power, and adds: "I must further remark that 



alternating currents are of no use in the transmission of power; they are 
suitable only for lighting purposes". 

In fine, the evidence shows that, as  Professor Silvanus Thompson says 
in his work on this general subject: "Deprez's theorem bore no fruit: it 
remained a geometrical abstraction". 

The underlying thought disclosed and applied in the Tesla patents is 
much a use of the rapidly successive opposing alternations of the alter- 
nating current regularly and constantly recurring in such differing phases 
as would not only prevent the alternations from stopping the armature. 
but would become a source of power. It was essential to  the practical 
development of this idea that the alternations should rise and fall and 
succeed each other progressively and constantly should be arranged, as 
counsel for complainant puts it, "like the crank on a locomotive in which 
there is no dead centre, but one crank is always pushing forward". Tesla's 
invention, considered in its essence, was the production of a constantly 
rotating or  whirling field of magnetic forces for power purposes by 
generating two or more displaced or differing phases of the alternating 
current, transmitting such phases, with their independence preserved, to 
the motor, and utilizing the displaced phases as such in the motor. 

Baily does not describe the use, with alternating currents, of displaced 
phases. He only describes the producing of intermittently shifting poles 
by means of a commutator or reverser which is just what Tesla disclaims. 
Neither Siemens nor Bradley describes the utilization of such displaced 
phases of alternating currents with their independence preserved 
in a motor. 

Deprez describes a parallelogram of forces and its application t o  
indicate at any given moment the angle between two parts of a source 
of current. He did not contemplate the use of alternating currents nor 
utilize their continuous and constant movement nor did he utilize said 
current to produce power, nor did he have any idea of a whirling field of 
forces t o  propel a motor. 

What then was the status of the ar t  in 1887 when Tesla filed these 
applications ? 

Nine years had elapsed since the grant of the Siemens patent which, 
according to  counsel for defendants, "is a full disclosure of the subject 
matter in issue in Patents Nos. 381,968 and 382,2806', and its "references 
. . . a t  the hands of the skilled electrician . . . would naturally, and as  a 
matter of course, have resulted in an organization of elements constl-. 
tuting a system for the electrical transmission of power and embodying 
essentially the system" of said patents. Eight years had elapsed since 
Baily, it was four years since Marcel Deprez's artic!e. according to 
defendant's counsel, "described the very thing that complainant claims 
is Tesla's discovery and explained the theory of operation", of an apparatus 
which "is an operative two-phase alternating-current generator sup- 
plying two-phase alternating currents to  produce a rotating field in a 
motor" similar to  the Tesla motor. 

Prior to  Tesla's invention no alternating-current motors were in use. 
Although there has been an urgent demand for some practical means 

of utilizing alternating currents for transmission of power none had 
been found. I 

The continuous and unparalleled development of the electric art  had 
for years increasingly emphasized the want of an electric motor capab1~- 
of distributing power for long distances and had vainly called for the 
solution of the problem of the use of alternating currents for this purpose; 
the leading electricians of the day concurred with Deprez in his declaration 



after he had devised his comparateur that alternating currents could not 
be utilized in the transmission of power and that the future belonged to 
continuous currents. 

In these circumstances Tesla patented his invention and thus first 
disclosed the method and apparatus. now generally known as the Tesla 
poiyphase inventions, and introduced a new method, a new means and 
a new terminology into the art. Six months later he read his paper before 
the American Institute of Electrical Engineers and announced that previous 
efforts to  utilize alternate currents had failed; that he had brought forth 
a novel system for the transmission of power, and explained its theory 
and demonstrated its operation by exhibiting a working motor; and no 
one of the electricians present questioned his claim or criticised his 
apparatus. 

The statements made by electricians a t  said meeting are supported 
by abundant quotations from the contemporaneous literature of the day, 
and it does not appear that the recognition of Tesla as an original inventor 
of - said system and of the means for its practical application was ever 
disputed until this suit was brought. 

There is nothing in the record t o  detract from the claims then made. 
Tesla did not discover the parallelogram of forces; he did not discover 
the rotary field; but he was the first t o  explain how t o  do practically 
what Baily had said could be done by an impracticable infinity of magnets, 
and others had said it could be done, but without showing how i t  could 
be done. He harmonized the hitherto opposing alternations, while pre- 
serving their character and power. 

Since the date of the Tesla patents in suit there has been a revolution 
ini the ar t  due to the utilization of the means therein described, 

The contention that the transfer from the electric light ar t  to the 
electric power art did not involve invention can not be maintained. 

Even if it be assumed that the ar t  of electric lighting is in a sense 
analogous to that of electrical transmission of power, the result was new 
and unexpected. It has been already shown in what respects a reversed 
current differs from an alternating current. The question as t o  how far 
they are alike is of minor importance because i t  is admitted that the 
reversed or broken current is not the same for the practical purposes t o  
which this invention is especially adapted. Therefore, although Deprez, 
in one of his publications, suggested that his system might be used for 
an impracticable and almost infinitesimal amount of power, the fact that 
these currents had never been practically used for any such purpose and 
can not, even now, be practically used for currents of high potential, shows 
that it required invention to select from an ar t  that particular kind of 
current which was necessary for the production of the best results, and 
t o  adapt the mechanism of an art  analogous or non-analogous, to  its 
practical application. 

The very fact that all the earlier electricians assumed or asserted 
that reversed and alternating currents were the equivalents of each other, 
was one of the errors which retarded the Tesla discovery, and the 
practical application of the polyphase principle. 

The view most favorable t o  the contention of the defendants upon all 
, 

the evidence presented, may be fairly stated thus: 
Prior inventors had stated that electric light machines could be so -- 

reversed as to  furnish power, although it is not proved that any one had 
shown a method for their use or the practical application thereof, or had 
ever made such practical application. 



No prior publication explained how t o  utilize this alleged well-known 
reversibility and no prior machine applied it. 

To the question why. if it was so obvious that the operation of the 
apparatus might be reversed and alternating currents then used, such 
method was not put in practical operation, the only answer of defendants 
is that "there had been up to  1885 no commercial system of distribution 
of alternating currents". But if this is so, is it not because the foremost 
electrical experts throughout the world had united in the opinion after 
repeated futile experiments that alternating currents were useless for 
the transmission of power and that the future belonged t o  continuous 
currents ? 

"The apparent simplicity of a new device often leads inexperienced 
person to think that it would have occurred to any one familiar with the 
subject, but the decisive answer is that with dozens and perhaps hundreds 
of others laboring in the same field, i t  had never occurred to any one 
before" (Potts vs. Creager, 155 U. S. 597). 

Siemens, chiefly relied on to support this contention, does not describe 
any mode of using alternating currents, does not refer to the use of com- 
mutators, and only refers to the use of said apparatus as an electro- 
dynamic machine "with suitable modifications" which are nowhere 
described. 

The impracticability as motors of reversed currents induced by com- 
mutators, shows that Siemens, Baily and others did not discover the Tesla 
invention; they were discussing electric light machines with commutators. 

Tesla first stated the discovery how these alternations could be thus 
utilized and showed the machine and method adapted for this purpose. 
He is entitled to  a patent for this discovery as were the discoverers of the 
use of anthracite coal instead of bituminous coal, or of the hot blast 
instead of the cold blast, in the manufacture of iron, or of the practical 
application of electricity to the telegraph or telephone. Judge Blacthford 
once sustained a patent for insulating electric wires by means of gutta- 
percha, and said: 

"The gist of the invention is the discovery of the fact that gutta- 
percha is a non-conductor of electricity, and the application of the fact 
to practical use. The claim is walid, even though a metallic wire covered 
with gutta-percha existed before the plaintiff's invention, if it was not 
known that gutta-percha was a non-conductor of electricity, and could 
be used to insulate the wire" (Colgate vs. Western Union Telegraph 
Company, 6 Fed. Cases, 86). 

It is not necessary to go to  this extent in sustaining these patents. 
The complainant may safely rest its case on the general principles laid 
down in the various decisions of the Supreme Court and extended and 
develcped in Potts vs, Creager, supra. 

But if the evidence already considered be disregarded, and it should 
be assumed that alternating and alternated currents were theoretically 
known equivalents, even then the argument for counsel for defendants 
does not appear to be sound. They contend that a superior result, by reason 
of the substitution of one known equivalent for another. does not consti- 
tute invention. But the first substitution or application of such theoretical 
equivalent to produce a new or non-analogous or unexpected result, may r 

involve invention. Tesla applied the alternating current to  do what the 
alternated current had never before done; namely, to produce a new. - 
unexpected and practical system of transmission of power. - 

A careful study of the evidence has led to the conclusion that Tesla 
made a new and brilliant discovery. But even if this be incorrect; it is 



proved that by a new combination and arrangement of known elements, 
he produced a new and beneficial result never attained before. 

The technical defense of non-infringement by reason of the fact that 
defendants use only a motor, and that there is no allegation or proof of 
conspiracy with the owners of the plant which supplies the power, was 
not pressed on the argument, and, as six days were spent in the discus- 
sion of the questions on the merits, this point will not be discussed. 

If any amendment is necessary to  cover these points it should be 
allowed. 

The contention of defendants that Tesla does not describe an opera- 
tive machine, is not satisfactorily proved. It is proved that, in fact, several 
practical motors have been manufactured according t o  his invention. 

The model of the particular patented construction selected for this 
proof, claimed to correspond most nearly to defendants' construction, 
failed t o  show a capacity of selfstarting, and, when once started, revolved 
in either direction; but complainant showed on the hearing various dif- 
ferences between the construction shown in the drawing of the patent 
and the model, which, it was claimed, accounted for the failure. 

The defendants use a three-phase transmitting system comprising 
a three-phase generator, three transformers and a three-phase motor. 
The argument based on the use of transformers was not pressed. 

The serious question raised in this branch of the case is as t o  the 
construction of the word "independent" in the patents. Counsel for 
defendants contends that "the word used in the patent evidently refers 
to  the physical relations which exist and not to  any result produced". 
Counsel for complainant contends that Tesla's "broad invention . . . . . . . . 
was the production in a motor of a progressively shifting magnetic field 
by means of . . . . . . independent alternating currents differing in phase, 
and circuits which preserve the independent character and phase relations 
of such currentsgt. 

The specifications and drawings of said patents describe and show 
six independent transmitting wires which are repeatedly referred to as 
constituting independent circuits, and the claims emphasize this indepen- 
dency. In defendants' motor the coils of generator and motor are so 
interconnected that each line wire not only serves as a conductor for its 
own phase, but also for the other currents. 

Defendants' contention is fairly stated by counsel for complainant 
as follows: 

"The defendants ccntend that currents of electricity belonging to 
each of the circuits are, therefore, at times all flowing in the same wire 
or wires, and that at certain instants in the operation of the same; i. e., 
when each of the single transmission wires is, for an incredibly short 
period transmitting no potential (i. e., change from plus t o  minus) - two 
of the coils of the motor are supplying current t o  the third. . . They cite 
the admission of Mr. Waterman that 'analytically' it is perfectly true that 
currents of electricity of differing phase may be a t  times regarded as 
simultaneously flowing in the same circuit." 

This statement of Waterman, however, should be read in connection 
with his further statement, as follows: 

"The net result of it all is that in a manner more or less complex to 
follow, these electromotive forces so  cancel out that there is in each 
circuit a current differing in phase by 120 degrees from the current in-- 
each of the others, so that in the motor i t  is not possible to  tell how the 
current got there, or over what kind of a circuit (i. e., whether over a 
three-wire or a six-wire circuit)". 



Counsel for defendants argue: 
"That the term independent as used by Tesla means such separation 

as is consistent with having the complete circuits traversed by the same 
currents - currents which at any and every point are of the same 
quantity, intensity and phase, so that, as Mr. Clarke puts it, each motor 
circuit receives its current from a corresponding generator circuit and 
from no other. It can not refer to circuits which are interdependent in 
such sense that two of the circuits are at times strictly in series with 
one another and in multiple with the third, and so are not "independent" 
in any sense. The whole system is an interdependent and not an 
independent system". 

The following significant statement, however, is found near the end 
of the specification of the first patent, No. 381,968: 

"By 'independent' I do not mean to imply that the circuits are neces- 
sarily isolated from one another, for, in some instances there might be 
electrical connections between them to  regulate or modify the action of 
the motor without necessarily producing a new or different action". 

The claims, therefore, confessedly can not be read as requiring 
isolation of the circuits, bat at most only such independence as is neces- 
sary for the purpose of producing a rotary field; that is, the connections 
must be such as not to interfere with the independency of the circuits 
which operate to  shift the poles. 

The only practical result from defendants' use of three conductors 
instead of six is an improvement "to regulate the action of the motor", 
which result was anticipated by Tesla as above, and it is proved that it 
was known, in the prior art that one of these arrangements was a 
substitute for the other. 

Inasmuch as the defendants have not invented any new idea, but have 
adopted an old contrivance which performs the same result in substant-. 
ially the same way by a formal and unsubstantial change in means, and 
by circuits which, wh'le in some sense interdependent, are operatively 
independent, and which preserve and utilize the vital element independence 
of phase, these circuits must be held to  be the equivalents of the 
independent circuits of the patent, the word independent being interpre- 
ted to  mean operatively independent, so as to embrace the true spirit and 
essence of the Tesla invention. 

This conclusion is supported by a great number of illustrations of 
similar uses of such independent conductors in the general fie!d of the 
arts. As the expert for complainant has pointed out, in railroads, cash 
carriers, electric telegraphs, the tracks, the earth or a single wire, will 
servegs common but independently-acting conductors. 

It does not seem necessary to further discuss this contention based 
on a technical verbal distinction. 

Defendants' three wires are operatively independent; they are actually 
independent while in action; they are independent enough to do the 
required work. 

This case involves a diversity of complicated questions of the scope 
and effect of certain language, of the prior art, and of the operation of 
electrical apparatus. All these questions have been exhaustively discus- 
sed with singular ability and learning by the able counsel herein. 

If the contentions of defendants as to  the scope of the patents in 
suit are proved the question of infringement of the patented independent -- 
circuits is not free from difficulty. If independence means isolation the 
patents are valueless. But if complainant's contention is correct, and if 
Tesla is entitled now to the broad claim which no one denied when he 



announced it to  the American Institute of Electrical Engineers as his 
"novel system of electrical distribution and transmission of power by 
means of alternate currents . . . which will a t  once establish the superior 
adaptability of these currents t o  the transmission of power and will show 
that many results heretofore unattainable can be reached by their use", 
then there can be no question that defendants have infringed. The 
foregoing language has been again quoted in order to  emphasize how 
consistently at the end of 10 years after a review of all possible question3 
Tesla stands upon his original statement of invention. 

Infringement of the first claim of Patent No. 381,968, necessarily 
implies infringement of the method Patent No. 382,280. The finding that 
the circuits of the defendants are independent, in the sense of the ~ e s l a  
patents, is decisive against the defendants as to the infringement of the 
first and second claims of Patent No. 382,279; and the field magnet of 
defendants' motor, while differing in some respects from that of the third 
claim of No. 381,968, is annular or ring-shaped within the meaning of said 
claim and infringes it. 

At  the close of the defendants' brief is printed the "Decision of the 
Imperial Ccurt of Germany on Tesla Patent". The only reference thereto 
in said brief is in the statement that in said suit "brought to  obtain a 
cancellation of Tesla's patents, that a German patent to one Haselwander 
(including the rotary-current system employed by defendants) was 
partially annulled because of the publication of this Americah patent to 
Bradley" and in the following statement: 

"It should also be mentioned that the Imperial Court held that the 
system employed by defendants does not infringe the German Tesla 
patent corresponding to  the patents involved in this suit - that court 
holding with us that our system is a dependent system and not having 
the independent-circuits of the Tesla patents and inventions". 

It is somewhat difficult to  determine, from said opinion, the scope of 
the issues involved, but it appears that some German firm had applied to  
have two Tesla German patents canceled on the ground that they have 
not been worked, but "have only been used t o  the disturbance of the 
electro-technical industry in Germany". Tesla, as defendant, admitted 
that he had not actually worked his invention, but had fulfilled his duty 
by a license to a firm which had pledged itself to work the patents, and, 
furthermore, that certain alleged infringers, by using a rotary-current, 
three-wire system, which seems to  have been substantially like that of 
defendants herein, had "worked" his invention, and thereby saved him 
from the statutory penalty. The court held as follows: 

"By independent is not meant to  be expressed that the circuits are 
necessarily insulated from each other, since in single cases electrical 
connections can exist between them in order to regulate the working of 
the motor, without necessarily producing a new or another manner of 
working,' then also nothing is gained for him thereby. Entirely disregarding 
the fact that after the striking out of the sentence, which clearly occurred 
in order to  avoid unclearness, the independence of the circuits is only so t o  
be understood as is shown from the drawing and description - namely, as 
conditioned by a completely independent outgoing and return conductor 
- there would also never be able to  be read into the stricken-out sentence 
that therein the linking of the circuits in the meaning of the rotary-cur- 
rent system had been thought of, for this linking re  ncves the independence 
of the circuits, while the erased sentence will only admit such connections 
as permit the independence of the circuits to  exist". 



But this statement is a mere obirer dicurm. The explanatory language 
relied upon by complainant in the patent here in suit has been stricken 
out of said German patent. The decision was upon two patents not shown 
to be the same as those herein in suit; the applications therefore were not 
tiled until May, 1888. and not until after the Tesla invention had been 
described in a printed publication. But even this decision is to be construed 
as insisting upon a construction unfavorable to that here contended for 
by comp!ainant, it should only be considered in connection with the 
foregoing facts. Here, the question of independence is directly presented, 
on a different issue, in view of a different state of the art, upon a dif- 
ferent patent, from which the explanation of the word "independent" has 
not been erased. No sufficient reason has been shown why the conclusion 
of the German court should be followed in determining the question of 
infringement herein. 

The search lights shed by defendants' exhibits upon the history of 
this art only serve to illumine the inventive conception of T~sla.  The Arago 
rotation taught the schwlboy 50 years ago to make a plaything which em- 
bodied the principle that a "rotating field could be used to rotate an 
armature". Baily dreamed of the application of the Arago theory by means 
of a confessedly impossible construction. Deprez worked out a problem 
which involved the development of the general theory in providing an 
indicator for a ship's compass. Siemens failed to  disclose the "suitable 
modifications" whereby his electric light machine might be transferred 
into a motor, and Bradley is almost equally vague. Eminent electricians 
united in the view that by reason of reversals of direction and rapidity 
of alternations an alternating-current motor was \impracticable, and the 
future belonged to  the commutated continuous current. 

It  remained to  the genius of Tesla to capture the unruly, unrestrained 
and hitherto opposing elements in the field of nature and art and to 
harness them to draw the machines of man. It was he who first showed 
how to transform the toy of Arago into an engine of power; the "labora- 
tory experiment" of Baily into a '  practically successful motor; the 
ind;cator into a driver; he first conceived the idea that the very impedi- 
ments of reversal in direction, the contradictions of alternations might 
be transformed into power-producing rotations, a whirling field of force. 

What others looked upon as only invincible barriers, impassable cur- 
rents and contradictory forces, he seized, and by harmonizing their 
directions utilized in practical motors in distant cities the power of 
Niagara 

A decree may be entered for an injunction and an accounting as to 
all the claims in suit. 



SAMUEL COHEN 

LIGHTNING MADE TO ORDER* 

One of the most perplexing problems that scientists have attacked 
during recent years involved either the harnessing or imitation of the 
forces of Nature. Many of our greatest scientists in all parts of the globe 
have spent fabulous sums and years of patient study on such problems, 
but most of them have signally failed; a number of eminent scientists 
even claim that such conundrums will never be thoroughly solved. 

This, however, appears, in our present day, to be highly doubtful. As 
early as 1890 Dr. Nikola Tesla undertmk to solve the problem, and some 
years later succeeded in demonstrating to the world that it is quite pos- 
sible to imitate certain natural dynamic forces on a scale of surprisingly 
vast magnitude. 

Most of us know that lightning is a natural electrical discharge taking 
place between two adjacent clouds, each having been charged with electri- 
city of opposite polarity. As soon as they approach sufficiently close, the 
electric potential between them becomes so terrific that the air strata 
between is ruptured, thus producing a vivid spark, followed by thunder, 
which is caused by the sudden rush of air into the evacuated space produced 
by the electric discharge. Lightning may be caused also by a discharge 
taking place between a cloud and the earth. The process by which the 
clouds are electrically charged is still a mystery, and we must wait until 
some future genius will explain to us the exact phenomena that takes 
place in the upper atmosphere, where such electrical disturbances 
take place. 

Dr. Nikola Tesla, who is perhaps the greatest living authority on alter- 
nating currents of both high and low frequency, has performed some of ' 

the most marvelous experiments ever dreamed of with high potential, 
high frequency currents. As early as 1890 this savant had produced 
electrical disturbances in his laboratory a t  Colorado Springs equal to the 
lightning produced by Nature. Although a number of years have elapsed 

t 

since these experiments were conducted, not a single scientist or engineer 
has been able to produce such awe-inspiring, electrical performances as -- 
did Dr. Tesla. It is true that he is far ahead of his time in many of his 
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inventions, yet he has ably demonstrated that it is possible to  imitate 
same of Nature's secret forces. It should be noted that his sole purpose 
was not simply t o  imitate these forces, but he was performing certain 
experiments on the problem of radio transmission of electrical energy 
through space. The startling lightning effects here shown were produced 
during the course of these experiments. 

During a recent interview the writer had with Dr. Tesla, the photo- 
graphs herewith reproduced were kindly loaned t o  accompany this article. 

Fig .  I .  
THE WONDERFUL TESLA, S80 K.W. HIGR-FREQUENCY OSCILLATOR COIL IN FULL 

ACTIVITY. DISCHARGING SPARKS LIKE VERITABLE BOLTS OF THOR AND 
MEASURING 66 FEET ACROSS. 

Two of these photos were never shown to  the public before. The man was 
seated near the apparatus solely for the purpose of showing the relative 
size of the high frequency oscillation coil. The photograph was obtained 
by double exposure; that is, the plate was exposed with the man, while 
the apparatus was not in operation; then he was removed and another 
exposure made of the sparks on the same plate, as it would not be very 
healthy for anyone to be there when the experiment is conducted. 

In Fig. 1 we see the Tesla electric oscilator in full activity at twelve 
million volts and a frequency of one hundred thousand per second! The 
flame-like discharge measures sixty-five feet across. This experiment 
was performed for the purpose of showing how the nitrogen of the 
atmosphere could be made to combine with the oxygen The large wire 
cage measured 20 feet in diameter and 30 feet in height. This is not the 



Fig. 2. 
A CLOSE VIEW OF THE TESLA COIL AND MASSIVE METAL BALL WHICH ACTS AS A 

RESERVOIR FOR THE ELBCTRIC CHARGES. 



actual coil which is excited by the primary of the Tesla transformer, but 
a separate helix which is attuned to a certain frequency of the secondary 
of the transformer. This is apparent by noting the large circular fence- 
like wall in the rear, which measures 60 feet in diameter and which is 
wound full with heavy copper wire.. 

The primary is carefully imbedded in the ground and connected with 
the regular oscillating circuit, comprising high tension oil condensers and 
the inductance incorporated in the primary of the Tesla transformer, also 
a spark discharger. In all these experiments the primary of the low tension 
transformer was excited with 300 kilowatts of electrical energy. 

- 
COMPARE THE SIZE OF THE TESLA COILS HERE SHOWN WITH THAT OF THE MAN 
AT THE LEFT. A DOUBLE EXPOSURE WAS NECESSARY-FIRST WITH THE MAN AND 
APPARATUS, THEN WITH THE APPARATUG (LESS TIIE MAN) FULLY EXCITED. SPARKS 

MEASURE 22 FEET IN LENGTH. 

A very striking experiment showing the emission of an electrical 
discharge from a large sphere is shown in Fig. 2. The ball has a surface 
of twenty square feet which represents a large reservoir of electricity. 
The inverted circular pan underneath with sharp rim has opening thru 
which the electricity can escape before filling the reservoir. The quantity 
of electricity liberated is so enormous that, although most of it escapes 
thru the rim of the pan or opening provided, the ball of the reservoir is 
nevertheless alternately emptied and filled to  overflowing. as is evident 
from the dischrage escaping on the top of the ball. 

The coil shown in Fig. 3 creates an alternative movement of electri- 
city from the earth into a large reservoir and back. a t  the rate of one 
hundred thousand pulsations per second. The adjustments were such that -- 
the reservoir fills and bursts a t  each alternation just at the moment when 
the electrical pressure reaches the maximum. The discharge escapes with 
a deafening noise, striking an unconnected coil twentytwo feet away, and 



creating such a disturbance of electricity in the earth that heavy sparks 
an inch long were drawn from the water main a t  a distance of three 
hundred feet from the laboratory. 

One very interesting experiment conducted by Dr. Tesla showed how 
it is possible to tune several coils to  different frequencies with respect 
to the fundamental frequency generated by the main exciting coil. A pho- 
tograph showing this experiment is reproduced a t  Fig. 4. The large coil 
on the right, discharging strongly, is tuned to  the fundamental vibration 

Fig. 4. 
A PROBLEIM I N  HARMONICS. DR.  TESLA PLACED A NUMBER OF INDUCTANCE (AIR 
CORE) COILS WITHIN THE LARGE HIGH FREQUENCY COIL AS SHOWN. EACH COIL 
RESONATED OR BECAME ATTUNED TO A CERTAIN HARMONIC OF THE FUNDAMENTAL 

OSCILLATION. GLOWING AS SEEN. 

which is fifty thousand cycles per second; the two larger vertical coils to  
twice that number; the smaller coils, wound with white wire, to four 
times that number and the remaining small coils to  higher harmonics. 
The vibrations produced by the oscillator were so intense that they 
affected perceptibly a small coil tuned to the twenty-sixth harmonic above 
the fundamental. 

The scientific world is keeping its eyes peeled for the next epochal # 

movement in the problem of transmitting energy via wireless. And the 
world expects Dr. Nikola Tesla to  do this. 

4 



NIKOLA TESLA RECElVES EDISON MEDAL* 

Notable Program at  Annual Meeting of American Institute of Electrical 
Engineers - Interesting Insight into Mr. Tesla's Life and Work as Disclosed 

in His Address of Acceptance 

Nikola Tesla, inventor and scientist, was presented the seventh 
annual Edison Medal a t  the annual meeting of the American Institute of 
Electrical Engineers held at  New York City on May 18. Announcement of 
this award was made in our issue of May 5. This notable event, with the 
memorable addresses made by A. E. E. Kennelly, Charles A. Terry. B. A. 
Behrend, and particularly by Mr. Tesla himse!f, formed the principal item 
of the evening's program., which also included the annual report of the 
Board of Directors a.nd announcement of letter ballot on the annual 
e!.ection of' officers, which are reported e!sewhere in this issue. After 
these business matter, had been disposed of, President Buck called on 
A. E. Kennelly, chairman of the Edison Medal Committee. 

Dr. Kennelly gave an account of how the Edison Medal originated in 
a group of Mr. Edison's friends setting apart a fund in 1904 for :he annual 
award to a living electrician of a medal for "meritorious achievement in 
electrical science and art". A deed of gift was drawn up designating the 
American Institute of Electrical Engineers to appoint from its officers 
and members a committee of 24 t o  determine the awards. Six noted 
electrical men have been recipients of the Edison Medal, as follows: El'hu 
Thomson. Frank, J. Sprague, George Westinghouse, William Stanley, 
Charles F. Brush and Alexander Graham Bell. Dr. Kennelly stated that 
the medal award to  Mr. Tesla was particularly for his development of the 
rotating magnetic field which is the fundamental principle that made pos- 
sib!e the use of alternating current for operating motors, and also for his 
investigations of the phenomena of high-frequency currents. 

Mr. Terry's Address. 

Charles A. Terry, who was associated with Mr. Tesla in some of his 
research work, then made an eloquent address on Mr. Tesla's e.lectrica1, 
achievements. After dwelling on the unse!fish creative impulse of the 
inventor, Mr. Terry sGd: "Twenty-nine years ago th;s month there was 
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presented before this Institute a paper of unusual import. It was entitled 
'A New System of Alternate-Current Motors and Transformers.' The 
authcr, Nikola Tesla, was then only 31 years of age, and but four years 
a resident of this country. His early life was s p a t  near his birthplace not 
far from the Eastern Adriatic Coast. His father, a Greek clergyman, and 
his mother, herself of an inventive mind, secured for their young son a 
comprehensive training in mathematics, physics and philosophy. At the 
age of 22 he had completed his studies in engineering at  the Polytechnic 
School in Gratz and also a course in the University of Prague; and in 1881 
began his practical work at  Budapest. In 1883 he was located at Strasburg, 
engaged in completing the lighting of a nowly erected railway station. 
Shortly after finishing this task he came to the United States. Mr. Tesla's 
first work in this country was upon new designs of direct-current arc 
and incandescent lighting systems for the Edison Company. 

"Throughout all these years his desire had been to find an opportunity 
to  demonstrate the truth of a conviction which became fixed in his mind 
while studying direct-current motors in school a t  Gratz in 1878; the 
conviction was that it should be possible to create a rotating magnetlc 
field withcut the use of commutators. 

"By some fortunate process of reasoning he conceived, while in Bu- 
dapest in 1882, that by using two or more out-of-phase alternating cur- 
rents respectively passing through geometrically displaced coils it would 
be possible t o  develop his long sought progressively shifting magnetic 
field. 

"Lack of funds and facilities for working out his theory compelled 
still further postponement, but in 1885 Tesla had the good fortune to 
interest men of means in a direct-current arc light which he had devised, 
and subsequently a laboratory was equipped for him in Liberty Street, 
New York, and here a t  last he found opportunity t o  demonstrate the cor- 
rectness of his long cherished theory. In 1887 he was able to exhibit t o  his 
business associates and to  Prof. William A. Anthony, whose expert opinion 
they sought, motors having such progressively shifting fields without the 
use of commutators, as he had foreseen nine years before. 

"Having thus demonstrated the correctness of his theory and the 
feasibility of its application, it remained for Tesla t o  work out var!ous 
practical methods of applying the principle, and the rapidity and wonderful 
way in which he surrounded the entire field of constant-speed synchro- 
nous, induction and split-phase motors is beautifully set forth in his paper 
of May 18, 1888, and in the numerous patents issued May 1, 1888, and 
succeeding years, covering the forms of electric motors which have since 
become the almost universal means for transforming the energy of alter- 
nating currents into mechanical energy. 

"Among the first to recognize the immense importance of Mr. Tesla's 
motors were Mr. Westinghouse and his advisors, Mr. Kerr, Mr. Byllesby, 
Mr. Shallenberger and Mr. Schmid, and in June Mr. Westinghouse secured 
an option which shortly resulted in the purchase of the patents, thus 
bringing under one ownership the alternating-current transformer 
system of distribution, and the Tesla motor". 

"The impress made upon the world by the deeds of a great inventor , 
can not be measured by the number of patents which he has received nor 
by the monetary reward secured nor by the mere exploitation of his name. 
Often his greatest gifts are in the form of inspiring contributions to  the 
literature, filled with suggestions of lines of thought which lead others 
to work in untried fields. This is especially true of a series of lectures 



delivered by Mr. Tesla upon the subject of high-frequency, high-potential 
currents. The first of the series was given a t  Columbia College in 1891, 
before this Institute. During 1892 and 1893 this lecture with additional 
data and experiments was repeated in London, Paris, ~hiladelphia and St. 
Louis. During these lectures he exhibited to  the audience numerous expe- 
riments displayina striking and instructive phenomena. He also described 
many novel pieces of apparatus, such, for instance, as his high-frequency 
generator and induction coils and his magnetically quenched arc. 

Mr. Terry quoted from many noted contemporaries of Mr. 'I'esla at  
that time their appreciation of the pioneer nature and importance of his 
investigations in high-frequency phenomena and wireless transmission. 
As early as February, 1892, he had predicted these developments and "in 
his lecture before the National Electric Light Association a t  St. ~ o u i s  in 
March, 1893, Mr. Tesla elaborated certain views regarding the importance 
of resonance effects in this field. He then announced that his conviction 
had grown so stronp that he no longer looked upon the p!an of transmit- 
ting intelligence as a mere theoretical possibility, and referring to the 
existing belief of some that telephony to any distance might be accmpli- 
shed "by induction through the air", concisely set  forth his theory as 
follows: 'I cannot stretch my imagination so far, but I do firmly believe 
that it is practical to  disturb by means of powerful machines the elwtro- 
static condition of the earth and thus transmit intelligible signals and 
perhaps power.' 

"Throughout Tesla's work with high-potential currents he had per- 
sistently in mind the wireless transmission of power in large qua~titles. 
It was in the furtherance of this line of investigation that he expended 
large amounts of money and years of labour a t  Wardenclyffe, Long Island, 
and a t  Telluride, Colo. Late in 1914 he secured a patent upon an application 
filed twelve years before upon an apparatus for transmitting electric 
energy with which he hopes to be able t o  transmit unlimited power with 
high economy to  any distance without wires. While as yet these efforts 
have not resulted in commercial exploitation, the future may prove that 
his dream of thus transmitting energy in substantial amounts is of that 
class which in time comes true, as in the case of his dream of wireless 
telegraphy. 

"Another use to which Tesla adapted the results of his high-frequency 
investigations was the control of the movements of torpedoes and boats. 
In 1898 he patented such an apparatus and also built and successfully 
operated such a craft. The movements of the propelling engine, the steering 
and other mechanisms were controlled wirelessly from the shore or other 
point through a distance of two miles. Apparently this, like some of his 
other inventions, was ahead of its time. 

"Another field of investigation in which Mr. Tesla has contributed 
valuable material is related to the Roentgen ray. In the Electrical Review 
during March and April, 1896, there appeared a number of c o m m u i c a t i ~ n ~  
from Mr. Tesla which, while giving full cred't t o  Roentgen for his mag i -  
ficent discovery, make public much additional data derived from his - 
careful experiments in this line of research. 

" ~ m o n g  the many other inventions to  which Mr. Tesla has devoted 
much time and energy may be mentioned a thermomagnetic motor and C 

a pyromagnetic generator, anti-sparking dynamo brush and commutator, 
auxiliary brush regulation of direct-current dynamos, unipolar dynamos, -- mechanical and electrical oscillators, electrotherapeutic apparatus, the 
oxidation of nitrogen by high-frequency currents, and an electrolytic 
registering meter. 



"One other line of endeavour entirely outside of electricity to which 
Tesla has given much attention is the development of a bladeless steam 
turbine in which the friction of the passing steam as distinguished from 
its direct impact is availed of. The steam is admitted between plain parallel 
rotating discs and passing spirally from the circumference toward the 
axial center imparts energy to the disks. Such a turbine can be run at 
exceedingly high temperatures, is readily reversible and, having no blades, 
is extremely simple and free from liability t o  accidental derangement. 
With great ingenuity Tesla has succeeded in producing such machines of 
considerable power and having exceedingly interesting characteristics. 
It is to be hoped that with his indefatigable zeal Tesla will soon succeed 
in perfecting the commercial application of this invention. It is not pos- 
sible in this brief survey even to touch upon many of the lines of Mr. 
Tesla's varied activities, but we must content ourselves with this 
inadequate presentation of typical evidences of the fascinating genius of 
this man". 

Address by B. A. Behrend 

Mr. Chairman: Mr. President of the American Institute of Electrical 
Engineers : Fellow Members : Ladies and Gentlemen: 

By an extraordinary coincidence, it is exactly twenty-nine years ago, 
to  the very day and hour, that there stood before this Institute Mr. Nikola 
Tesla, and he read the following sentences: 

"To obtain a rotary effort in these motors was the subject of long 
thought. In order to  secure this result i t  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 pro- 
duced upon the other elements 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 pro- 
perly subdivided cylindrical iron core wound with several indepen- 
dent coils closed upon themselves. Two coils at  right angles are 
sufficient, but a greater number may be advantageously employed. 
It results from this disposition that when the poles of the ring are 
shifted, currents are generated in the closed armature coils. These 
currents are the most intense a t  or near the points of the greatest 
density of the lines of force, and their effect is t o  produce poles upon 
the armature a t  right angles to  those of the ring, a t  least theoreti- 
cally so; and since this action is entirely independent of the speed 
- that is, as far as the location of the poles is concerned - a 
continuous pull is exerted upon the periphery of the armature. In 
many respects these motors are similar to the continuous current 
motors. If load is put on, the speed, and also the resistance of the 
motor, is diminished and more current is made to pass through the # 

energizing coils, thus increasing the effort. Upon the load being 
taken off, the counter-eleotromotive force increases and less cur--- 
rent 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 ful!y 
equals that of the continuous current motors. The effort seems t o  
be greatest when both armature and field magnet are without any 
projections". 

Not since the appearance of Faraday's "Experimental Researches in 
Electricity" has a great experimental truth been voiced so simply and so 
clearly as this description of Mr. Tesla's great discovery of the generation 
and utilization of polyphase alternating currents. He left nothing t o  be 
done by t h ~ s e  who followed him. His paper contained the skeleton even 
of the mathematical theory. 

Three years later, in 1891, there was given the first great demonstra- 
tion, by Swiss engineers, of the transmission of power at 30,000 volts 
from Lauffen to Frankfort by means of Mr. Tesla's system. A few years 
later this was followed by the development of the Cataract Construction 
Company, under the presidency of our member, Mr. Edward D. Adams, 
and with the aid of the engineers of the Westinghouse Company. It is 
interesting to  recall here to-night that in Lord Kelvin's report to  Mr. 
Adams, Lord Kelvin recommended the use cif direct current for the deve- 
lopment of power at  Niagara Falls and for its transmission to Buffalo. 

The due appreciation or even enumeration of the results of Mr. Tesla's 
invention is neither practicable nor desirab!e a t  this moment. There is a 
time for all things. Suffice it to  say that, were we to  seize and to  eliminate 
from our industral world the results of Mr. Tesla's work, the wheels of 
industry would cease to turn, our electric cars and trains wduld stop, 
our towns would be dark, our mills would be dead and idle. Yea, so 
far reaching is this work, that is has become the warp and woof of 
industry. 

The basis for the theory of the operating characteristics of Mr. ~ e s l a ' s  
rotating field induction motor, so necessary to  its practical development, 
was laid by the brilliant French savant, Professor Andre Blondel, and by 
Professor Kapp of Birmingham. It fell to my lot to  complete their work 
and to  coijrdinate - by means of the simple "circle diagram" - the 
somewhat mysterious and complex experimental phenomena. As this was 
done twenty-one years ago, it is particularly pleasing t o  me, upon the 
coming of age of this now universally accepted theory, - tried out _by 
application to several million horse power of machines operating in our 
great industries, - to pay my tribute to  the inventor of the motor and 
the system which have made possible the electric transmission of energy. 
His name marks an  epoch in the advance of electrical science. From that 
work has sprung a revolution in the electrical art. 

We asked Mr. Tesla to  accept this medal. We did not do this for the 
mere sake of conferring a distinction, or of perpetuating a name; for so 
long as men occupy themselves with our industry, his work will be incor- 
porated in the common thought of our art, and the name of Tesla runs 
no more risk of oblivion than does that of Faraday, or that of Edison. 

Nor indeed does this Institute give this medal as evidence that Mr. 
Tesla's work has received its official sanction. His work stands in no need 
of such sanction. 

No, Mr. Tesla, we beg you to  cherish this medal as a symbol of our 
gratitude for a new creative thought, the powerful impetus, akin to  revo-. 8 

lution, which you have given to  our art and to  our science. You have lived 
to  see the work of your genius established. What shall a man desire more-- 
than this? There rings out to us a paraphrase of Pope's lines on Newton: 

Nature and Nature's laws lay hid in night: 
God said. "Let Tesla be", and all was light. 



Presentation of the Medal 

President H. W. Buck, in presenting the medal t o  Mr. Tesla, referred 
t o  the developments of some 30 years ago when direct currents were used 
almost exclusively and it remained for Mr. Tesla t o  make alternating cur- 
rents available for miscellaneous purposes by his great conception of the 
rotating field. This made power transmission immediately practicable and 
permitted the development of the Niagara Falls enterprise and countless 
other power developments necessitating the use of polyphase currents. 
Mr. Buck also spoke of Tesla's pioneer work in high-voltage and high- 
frequency currents, which laid the foundation for such important later 
developments. 

Mr. Tesla's Address of Acceptance 

In accepting the Edison Medal, Mr. Tesla expressed his deep gratitude 
for the  sympathy and apprcciaticn shown him. He admitted that "a gigantic 
revolution has been wrought in the transmission and transformation of 
energy. While we are pleased with the results achieved", he said, "we are  
pressing on, inspired with the hope and conviction that this is just the 
beginning, a forerunner of futher and still greater accomplishments". He 
then entered upon a fascinating account of some features of a personal 
and more intimate character bearing on his work, which lack of space 
unfortunately prevents giving in full. 

"In the first place, I come from a very wiry and long-lived race. Some 
of my ancestors have been centenarians, and one of them lived 129 years. 
I am determined t o  keep up  the record, and believe there is a prospect 
of accomplishing it. Then, nature has given me a vivid imagination which, 
through incessant exercise and training, through the  study of scientific 
subjects, and the verification of theories through experiment, has become 
very accurate in results, s o  that I have been able to  dispense, to a large 
extent, with the slow labors, wasteful and expensive processes of practical 
development of the  ideas I conceive. It has made i t  possible for me t o  
explore extended fields with great rapidity and get results with the least 
expenditure of vital energy. By this means, I may tell you also, I am able 
t o  picture the objects of my desires in forms s o  real and tangible that  
I can rid myself of that  morbid craving for perishable possessions to  
which so many succumb. 

"My life was also wonderful in another respect, for physical endurance 
or energy. If ycu inquire into the career of successful men in the inven- 
tor's profession, you will find, as a rule, that they are as remarkable for 
their physical as for their mental capacities. I know that when I worked 
with Edison, after all of his assistants had been exchausted, he said t o  
me. I never saw such a thing, you take the cakes. That was the characte- 
ristic way for Edison to express what I did. We worked from in the 
morning at half past ten until five o'clock the next morning. I carried this 
on for nine months without a single day's exception, but everybody else 
gave up. Edison stuck. but he occasionally dozed off on the table. 

"When I turned my thouqhts t o  inventions, I found that I could I 

visualize my conceptions with the gre?test facility. I did not need any 
models and drawings or experiments, I could do i t  all in my mind. and . 
I did. The way I unconsciously evolved what I considered a new m e t h d  
in materializing inventive concepts and ideas, is exactly opposed t o  the 
purely experimental method, of which undoubtedly Edison is the greatest 
and most successful exponent. The moment you construct a device to  



carry into practice a crude idea you will find that you will be engrossed 
with the details and effects of the apparatus. As you go on changing and 
constructing, you will lose the forces of concentration, and you will lose 
sight of the great underlying principle. You obtain results, but a t  the 
sacrifice of quality. I did not construct. When I got an idea, I started right 
away to build it up in my mind. I changed the structure, I made impro- 
vements, I experimented, and I ran the device in my mind It is absolutely 
the same to me whether I place my turbine in my mind or have i t  in my 
shop actually running in my test. It makes no difference. The results are 
the same. In this way you see I can develop and perfect an invention 
without touching anything, and when I have gone so far that I have put 
&to that device every possible improvement I can think of, that I can 
see no fault in i t  any more, I then construct it, and every time my device 
works as I conceived it would, my experiment comes out exactly a s  I 
p!an it, and in twenty years there has not been a single, solitary experi- 
ment which did not come out exactly as I thought it would". 

Mr. Tesla then related some very interesting experiences of his youth 
in which he had hairbreadth and almost miraculous escapes that led his 
parents to set him apart for the ministry. At the age of 18 during a violent 
epidemic of cholera he contracted the disease with several complications 
that made everyone despair of his recovery. "My father came, sat on my 
bed and said to  me, 'Are you going to  get well?' I said to  him, 'I will get 
well if you will let me study engineering'. He said, 'Certainly I will, you 
will have to go to the best polytechnic school in Europe'. My father kept 
his word, and after a year of roaming through the mountains and getting 
myself in good physical shape, I went to  the Polytechnic School a t  Gratz, 
one of the finest in Europe. 

"The first year a t  the polytechnic'school was passed in this way - 
I'got up a t  three, o'clock in the morning and I worked until eleven o'clock 
at night, for one whole year, without a single day's exception well, you 
know when a man with a reasonably healthy brain works that way he 
must do something. Of course, I did I graduated nine times that year and 
some of the professors were not satisfied with giving me the highest 
distinction, because they said that did not express their idea of me, and 
here is where I come to the rotating field. In addition to the regular gra- 
duating papers they gave me some certificates. I got these certificates 
and showed them to my father. I thought it would be a great triumph for 
him. My father took the certificates and threw them into the waste basket. 
He said, 'Oh, I know how these certificates are obtained'. That almost 
killed my ambition, and later, after my father died, I was mortified to 
find a pack of letters, from which I could see that there had been consi- 
derable correspondence going on between my father and the professors 
at  the school, and the professors had written to the effect that unless he 
took me away from the school I would kill myself with work. Then I under- 
stocd why he had slighted my success, which I was told was greater than 
any which had been achieved by any student before; in fact, the best t 

students had only graduated twice, and I had graduated nine times. My 
work in the first year had this result - that the professors became very - 
much interested in me and very much attached to me. 

"It was in the second year of my studies that we got a Grarnme 
machine there from Paris. This was a machine with a horseshoe form of 
laminated magnets, and there was an armature in it with a commutator. 
I put that together and we cemected it up and showed the various effects 
of currents. During this time that Professor Poeschl was demonstrating 
we had some trouble with the brushes. The brushes sparked very bsdly, 



and I said, 'Well, why should not we operate without the brushes?' Pro- 
fessor Poeschl said it could not be done, but in view of my success in the 
past year he gave me the honor of delivering a lecture. He said: 'Mr. Tesla 
may accomplish great things, but he certainly never crrn produce this', 
and he showed that this would be tantamount to converting a steadily 
pulling force, like gravity, into a rotary effort, which was a sort of 
perpetual-motion machine. an impossible idea. I showed them that I was 
right and it was possible. It was not a perpetual-,motin0 idea It was not 
a thing which was impossible, it could be done, and I started then to work. 

"I will not tire you with an extended account of this undertaking, but 
I will say that my work was like this - I began in 1877 in the summer, 
and then I would get a picture in my mind. 1 would picture. for instance, 
a direct-current machine and run it and see how these currents changed 
in the armature, and whatever I imagined, I would put together and 
operate everything in my mind, and 1 continued that practice until 18d2. 
I could not visualize just exactly how to  do it, but I felt I was approaching 
a solution. I was.on my vacation and sure enough the idea came to me. 
I will never forget the moment. I was walking with a friend of mine in 
the city park at  Budapest, and I was reciting poems from Faust. It was 
nothing for me t o  recite from memory the contents of an entire book. 
with every word between the covers, from the first to  the last, and my 
sister and brother had a much better memory than mine. Just as the sun 
was setting 1 felt wonderfully inspired, and the idea came to me like a 
flash, and I saw the whole thing clearly. I saw my generator. I saw the 
motor, and saw the connections, saw it work, in my mind, and I took a 
stick and drew on the sand the diagrams which were drawn in my paper 
before the American Institute of Electrical Engineers, and which were 
illustrated in my plans as clearly as possible, and from that time I carried 
this image in my mind. Now, remember, if I had been a man who had had 
some of the practical gifts of Edison. I would have gone right away to 
perform an experiment and push the invention along. but I did not need 
to experiment - as I say, I can so picture, and consider what I picture as 
real and forcible, that I do not need any experimenting, nor is it parti- 
cularly interesting to  me. I went on and improved the plan continuously, 
invented new forms, and the day before I came to America, every form, 
every construction, every arrangement which I expressed in my patents, 
was developed in my mind, except just two or three forms which appear 
in later developments, otherwise I had all the forms shown in the thirty 
or forty patents granted to me then in my mind. In 1882 I performed two 
experiments in Strasburg, as Mr. Terry pointed out, and there at the 
railroad station I obtained the first rotation. 

"I have come now to an interesting point when I came t o  America. 
I had made some improvements in dynamos for a French company who 
were getting their machinery from America. The improved forms were so 
much better that the manager of the works said to me, 'You must go to 
America, and you must design these machines for the French company'. 
So, after ineffectual efforts on the other side to get somebody to  interest 
himself in my plans financially, I came to America. Then came another 
event. I met Edison, and the effect that Edison produced upon me was 
rather extraordinary. When I saw this wonderful man, who had had no 
training a t  all, no advantages, and did it all himself, and see the great 
results by virtue of his industry and application. I felt mortified that I had 
squandered my life - you see I had studied a dozen languages. I h a  
delved in literature, and had spent the best years of my life in ruminating 
through libraries and reading all sorts of stuff that fell into my hands. 



I thought to myself, what a terrible thing it was t o  have wasted my life 
on those useless things, and if I had only come t o  America right then and 
there and devoted all of my brain power and inventiveness to my work, 
what could I have not done? In later life I realized I might not have 
produced anything without the scientific training I got, and it is a 
question as to whether my theory as t o  my possible accomplishments was 
correct. In Edison's works we passed a year of the most strenuous labor, 
and then certain people approached me with a proposition t o  form my 
own company. 

"Well, I went into the proposition, and we developed an arc light, and 
to  show you how prejudiced the people were against the alternating cur- 
rent, as one of the speakers indicated, I told these friends of mine I had 
a great invention relating to  alternating-current transmission, and they 
said: "No, we want the arc lamp. We don't want this alternating current 
system". Finally I brought out an arc lamp, perfected it, and the city 

. adopted it. Then I succeeded in organizing an other company, in April. 
1886, and then a laboratory was put up, and then I rapidly developed these 
matters, and finally the Westinghouse people approached us, and an ar- 
rangement was made, and then you know what happened since then The 
invention has swept the world. 

"Mr. Behrend has referred to other inventions of mine. I will say 
just a few words, because some of my work has been misunderstood. It 
seems to  me that I ought to  tell you a few words about other efforts that 
have absorbed my attention later. In 1894 I delivered a lecture at the 
Royal Institution and Lord Raleigh surprised me by acknowledging my 
work in very generous terms, something that is not customary, and among 
other things he stated that I had really an extraordinary gift fop invention. 
Up to  that time, I can assure you, I never realized that I was an inventor 
at  all. I looked upon the rotating-field discovery as simply a mathernatica! 
deduction. It was a logical, step by step, deduction I forced this invention, 
as it were, by screws and levers. I did not get an inspiration, as it were. 
My machines were developed all in my mind. When I tried the first expe- 
riments they meant nothing to  me. I had already demonstrated them 
perfectly. So when I went home, in 1892, and heard these remarks of Lord 
Raleigh, I began to think and said to  myself, 'Why, certainly I must have 
been an inventor'. 

"I remember that I constructed turbines and clocks and such things, 
and so I said to myself, 'If I really have a gift for invention, then I am 
going to bend it to some great purpose and some great task and not 
squander my efforts in small things.' I began to think just what was the 
greatest thing to accomplish. One day I was working in the forest and a 
storm came up. I ran under a tree for shelter, and the air was very heavy, 
and all at once there was a lightninq flash, and immediately after the 
lightning flash a torrent of rain came. That gave me a fair start. I realized 
that the sun was lifting the water and vapor, and the wind swept it over 
the regions where it accumulated and reached the condition where at a 
certain point it was condensed and fell to the earth again, and this life- 
sustaining steam of water was entirely dominated by some other power, 
and lightning or some other agency of this kind, simply came in as a trigger 
mechanism to relieve the energy at the proper moment. I started out and 
attacked the problem of constructing some kind of a machine which would 
this kind simply came in as a trigger mechanism to relieve the enable us -- 
to precipitate this water wherever desired. 

 h hat led me to the production of very intense electrical effects. At 
the same time my wireless work. which I had already begun, was exactly 



in that direction, and so I devoted myself to the perfection of some device, 
and in 1908, I filed an application describing an apparatus with which I 
think this wonder can be achieved. The Patent Office examiner was from 
Missouri, and he would not believe it could be done, and so my patent was 
never granted, but in Colorado I constructed apparatus by which I pro- 
duced certain effects, at  least, which were greater than those of lightning 
- I do not mean, for instance, in potential. The highest potential I reached 
was something like 20,000,000 volts, and that is insignificant as compared 
to lightning, but certain effects in my apparatus were greater than those 
produced by lightning. For instance, I got in my attenna currents of 1000 
or 1100 amperes, and you know that in the biggest wireless plants only 
250 amperes were used - I do not know what is the biggest one now - 
but 250 amperes is very large, and I know in Colorado I succeeded one day 
in precipitating a mist. Of course, there was a mist outside. but when I 
turned on the current the mist in the laboratory became so great that 1 
called the attention of my assistant that when the hand was held just a 
few inches from the face it could not be seen, so that I am positive of my 
conviction that we are able to erect a plant of proper design in an arid 
region, that we can work this plant according to  certain observations and 
rules, and that we can draw from the ocean unlimited amounts of water 
for irrigation and power purposes. If I do not live to carry it out, somebody 
else will, but I am sure that I am right. 

"As to the transmission of power through space, that is a matter 
which I have considered certain, absolutely cartain years ago. Years ago 
I was in a position to erect a plant to transmit wireless power to  any 
distance without limitation, other than the physical limitations of the 
globe. In my system it makes no difference what the distance is. The ef- 
ficiency of the transmission can be as high as 96 per cent, or 97 per cent. 
and there is no loss except those losses which are inevitable in the run- 
ning of the machinery. And when there is no receiver there is no loss 
anywhere. When the receiver is put on, it draws energy. That is the 
opposite of the Hertz wave system. In that system you have a plant of 
1000 horsepower, that is 1000 horsepower radiating all the time, but if I 
have a plant of 1000 horsepower under my system, this only consumes the 
few horsepower necessary to maintain the electric vibration, and the rest 
of the system is idle, exactly as the Edison lamps are idle when the lamps 
and dynamos are shut off. 

"I have made advances along this line in later years which will 
contribute to the practical features of the system. Recently we have 
obtained a patent on a transmitter with which it is practicable to  transfer 
unlimited amounts of energy to  any distance. I had a very interesting 
experience with Mr. Stone, whom I consider, if not the ablest, certainly 
one of the ablest living experts. I said to  Mr. Stone: 'Did you see my 
patent?' He replied: 'Yes, I saw it, but I thought you were crazy'. When 
I explained to Mr. Stone he said: 'Now. I see why that is great', and he 
understood how this energy is transmitted. 

"Now, gentlemen, we are coming to great results, but we must be 
prepared for a condition of paralysis for quite a while. We are facing an 
enormous crisis such as the world has never seen before, and until the 
situation clears the best thing we can do is to devise some scheme for I 

overcoming the submarines, and that is what I am doing now". - 



W. H. ECCLES 

Dr. NIKOLA TESLA* 

Nikola Tesla, who died on January 7, was born in 1857 a t  Smiijsn in 
Croatia His father, a Sefb, was a clergyman of the Greek Church; his 
mother is remembered a s  very inventive and is credited with making 
improvements in churns. looms and other rural machinery. Mkola, while 
at school, began to make electrical experiments. and finished his formal 
education in the engineering faculty of the Graz Polytechnic School. After 
a period in the Govermect. telegraph department at Budapest, he joined 
the Edison concern in Pacis and went to the United States about 1883. 
Here he worked under Edison for a time, but soon set up his own firm for 
the manufacture of arc ligiting plant. 

At this period th? zpplications of electric power in industry were 
effected mainly by direct current, but many inventors were attacking the 
problem of making motors suitable for use with alternating current. Tesla 
in the United States and Fs ra r i s  in Italy each published in 1888 the results 
of several years of independent work on motors utilizing rotating magnetic 
fields pruduced by two-phase currents. Both inventors envisaged 
machines in which the rotm is propelled asynchronously by means of cur- 
rents induced in it by the rotating field, and Tesla described also motors 
in which the rotor is pulled round in synchronism with the rotating field. 
Neither type need employ brushes or commutators. These rotating-fie!d 
motors, together with the 5troduction of polyphase currents, proved to be 
the solution of the problex of using alternating current in factories. In 
addition, by 1890, Tesla a k o  invented methods of starting and running 
motors on single-phase current. His designs were so sound that his larger 
machines attained efficiencies of 95 per cent. Having completed his task, 
he disposed of his patents to the Westinghouse Company and dropped 
the subject. 

Hertz's work was directing attention to high-frequency alternating 
currents, so Tesla turned the problem of generating these currents on 
an engineering scale. First he designed and built a succession of alterna- 
tors, and by 1891 attained 2 frequency of 30,000 cycles per second. He stu- 
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died the properties of these currents in circuits possessing distributed 
inductance and capacitance. and developed tuned coupled circuits f o r  
enhancing their voltage by resonance. For higher frequencies he employed 
the discharge of condersers through induction coils, obtaining big powers 
by aid of rotating dischargers or magnetic blow-outs at the spark gap. On 
coupling the primary circuit to a resonant secondary circuit comprising 
metal areas, large flaming and streaming ionization currents were obtained 
in air and in Geissler tubes. Ionic bombardment was observed to produce 
brilliant phosphorescence, and sometimes fusion, of solid matter. 

But Tesla's main purpose was the transmission of power and messages 
across space. In 1892 and 1893 he developed his scheme. High-frequency 
power was to be led to a large antenna consisting of an elevated metal area 
connected by a vertical wire to a large metal plate buried in the aerth. The 
receiving antenna was to be equal in every respect. The figure in the 
Journal of the Franklin Institute shows the source of oscillations connected 
into the vertical wire near the earth at the sending station, and the 
receiving apparatus in the corresponding place at the receiving station. 
He did not patent the antenna. Tesla states his belief that the electrical 
oscillations will be propagated along the surface of the earth and that they 
may be assisted by an upper conducting layer of the atmosphere - this is 
eight years before Heaviside and Kenelly. Tesla had thus supplied, two 
years before wireless began its commercial carrer, all the elements of 
both spark and continuous wave sending stations. For the receiving 
station the Lodge or Branly coherer was already available for spark tele- 
graphy, but Tesla concentrated on continuous waves because he was more 
interested in the transmission of power than in the transmission of mes- 
sages. After building one or two small stations, he started in 1897, at his j 

own expense, a station of 200 kilowatts in Colorado. From this point in 
1899 he transmitted power enough to light a lamp at 30 km. For the 
reception of continuous wave signals he invented the interrupter device 
known as a ticker, which was emplcyed by others for the next dozen years, 
and from the Colorado station received signals a t  a distance of 1,000 km. 
Later, his form of antenna, his rotating discharger, and his tuned trans- 
former were used successfully by many others a t  spark stations in every 
country. 

Space limits this survey to a few of the new things which Tesla's 
creative imagination and constructive genius gave to the world. His other 
inventions include pyro-magnetic generators, thermo-magnetic motors, 
unipolar dynamos, meters, lamps, mechanical vibrators of huge power 
and a variety of instruments. Some seven hundred patents stand in his 
name, mostly taken out before he was fifty years of age. Apparently his 
method of work was to state a problem, devise solutions, build machines 
and file a patent specification or, possibly, read a paper to a technical 
society. Then he would start on a new problem. It happened that one of 
his subjects, high-frequency discharge, made a brilliant display, and he 
was persuaded to lecture upon it several times. The ?emonstrations were 
perfect and vary showy; consequently sober folk concluded that Tesla 
was somewhat of a showman. This is quite wrong. Throughout his long 
life of eighty-five years, Tesla seldom directed attention to his own suc- 
cesses, never wrote up again his old work, and rarely claimed priority 
though continually pirated. Such reserve is especially striking in a mind 
so rich in creative thought, so competent in practical achievement. 

a 



CHARLES F. SCOTT 

TESLA'S CONTRIBUTION TO ELECTRIC POWER* 

Faraday's principe of electromagnetic induction discovered in 1831 
after some 40 years of incubation resulted in practical forms of dynamo 
machines. Electricity from mechanical power (instead of costly batteries) 
stimulated invention of apparatus and the development of various methods 
or "systems" for distributing and utilizing the electric current. The evo- 
lution of "systems" culminated in Tesla's polyphase alternating current, 
with its unique induction motor. His system has dominated the develop- 
ment of electric service during a half century and continues today a s  our 
method of using electric power. 

That was Tesla's contribution to electric power. Tesla's death in 
January last occurred in the semicentennial year of the demonstration of 
his polyphase system at the Chicago World's Fair and its adoption for 
the great Niagara project. It is the method in universal use today. We 
know no other. But the story of the pioneer years of electric light and 
power is needed to  give perspective and reveal the real significance of the 
polyphase method. 

After two score years, the dynam,~; then in two eventful decades the 
trivial beginnings of the commercial electric light developed through the 
efforts of many workers and came to  fruition in Niagara power, where the 
Tesla polyphase system achieved "the great step in the transition from 
mechanical power in industry to  electric power everywhere" and made 
possible our 20th-century power development. The years 1876, 1886, and 
1896, serve as milestones marking these eventful decades. 

On Professor Elihu Thomson's 80th birthday anniversary (1933), 
I asked him just what electrical apparatus was a t  the Centennial Exposi- fl 

tion in Philadelphia in 1876. "Well, 1'11 tell you", he said. "There was a 
Gramme machine from France that ran one arc lamp, and another wound 
f o r  electroplating, and a Wallace dynamo that operated a lamp on top of -- 
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the building". There was also a t  the exposition a dynamo designed by 
Professor W. A. Anthony. 

In 1928 the Franklin Institute celebrated the 50th amiversary of the 
first tests on the efficiency of a dynamo. Among the speakers were ~ h a r l e s  
F. Brush, whose dynamo was tested; Professor Thomson, a teacher of 
science in the Philadelphia High School, who conducted the test, and his 
student assistant, E. W. Rice, later head of the General Electric Company. 
Brush, a Michigan graduate, who had been keenly interested in the making 
of electrical apparatus from his high school days, had invented a new 
type of dynamo which could supply four arc lamps by four independent 
circuits, commercial sales of which had started early in 1878. He said: 
"It was in that year that I had the good fortune to  invent and develop the 
modern series arc lamp with its regulating shunt coil. It made arc lighting 
from central stations commercially possible; and I think it may be 
regarded as marking the birth of the electric lighting industry". Dynamo 
and lamps were adapted t o  a constant-current series system; the  usual 
current was about ten amperes, and the voltage increased about 50 volts 
as each lamp was added. 

Following the Franklin Institute tests the Thomson-Houston arc-light 
system appeared; soon there were many others in vigorous competition 
for the lighting of streets and factories. To a limited extent motors were 
operated in series with arc lamps. 

The constant-current (voltage varying with the load) system for ope- 
rating motors is the method used in installations listed in Kapp's "Electric 
Transmission of Energy", 1890. Usually a generator and a single distant 
motor constituted the power transmission. At the Comstock mine in 
Nevada six 80-horsepower Brush motors received constant current over 
independent circuits from six generators and were belted to a single 
shaft for operating a stamp mill. 

Incandescent lamps could be operated on constant-current circuits 
if they had heavy filaments adapted to  large currents and a few volts, or 
were connected in series-multiple. Practical difficulties inherent in the 
series connection were many. Edison saw the merits ofia constant-poten- 
tial circuit and the parallel connection of lamps, enabling them to be 
turned on and off like gas lights. He set about to  make a high-resistance 
filament that would take a small current and thereby make possible 
conductors of permissible size. In 1879 he achieved a lamp and also the 
constant potential system which is the method in universal use today. 
His Pearl Street station in New York City opened September 4, 1882. 

Ensign Frank J. Sprague, a few years out of Annapolis, was American 
member, and secretary of the jury of awards for electrical machines and 
lamps a t  the Crystal Palace Electrical Exhibition, London, 1882. In his 
elaborate report to  the Navy he describes about a dozen types of dynamos; 
evidently Edison's with "high resistance" shunt field was the one parti- 
cularly adapted to produce constant potential. Sprague says: "The Edison 
machines were designed to  form part of a distinct and complete system 
of lighting and as such they possess some peculiar features not noted in 
other machines". In a paper before the British Association f o r  the Advan- 
cement of Science on "Demands of a System of Electrical Distribution" 
he presents the new constant-potential system as best meeting these 
demands. In his painstaking report he describes many forms of arc s d  
of incandezcent larnps on exhibit, but no motors. There were none. On his 
return he pioneered the construction and introduction of motors on Edi- 
son circuits. 



Electric cars were attempted by many pioneers in the '80's. Trial 
roads of a mile or so  with one or more cars were followed by Sprague and 
his Richmond road calling for 40 cars, doubling the existing total in the 
United States. 

At Thanksgiving time in 1886 at Buffalo, N. Y. came a radical innova- 
tion - operation by alternating current. The new kind of current in small 
amount was transmitted a t  1,000 volts and then transformed to 20 times 
the current for 50-volt incandescent lamps. While the Edison three-wire 
system was commercially limited by the cost of copper to  about a half- 
mile radius, the new a-c system greatly extended the area that could 
be seryed. 

Westinghouse had acquired the Gaulard and Gibbs alternating- 
constant-current system in 1885. At Pittsburgh what came from abroad 
was completely revamped, electrically and mechanically. William Stanley, 
the Westinghouse electrical expert, recognized the desirability of chan- 
ging from constant-current to  constant-potential operation; he was 
familiar with counterelectromotive force (he is said to  have coined 
that term). His aim was a primary winding with sufficient counter- 
electromotive force to permit transformers to  be conected in parallel to  
a high-voltage circuit; for this he obtained an important patent. Westing- 
house, however. was concerned with securing a mechanical construction 
suited to  manufacture. The form used in the early transformer was 
patented by him. 

The new transformer inspired confidence and Stanley proposed con- 
tinuing the a-c development at  Great Barrington, Mass. His successful 
demonstration of an operating system in March 1886 was follwed by the 
design and manufacture a t  Pittsburgh of commercial apparatus and the 
inauguration of a-c service in Buffalo. 

While alternating current overcame the distance handicap of direct 
current for incandescent lighting, it had no successful m t o r .  

In May 1888 Tesla, in a paper before the American Institute of 
Electrical Engineers, announced his new system of a-c motors. In the new 
system polyphase currents produced in the motor a rotating magnetic 
field which induced currents in the closed motor secondary circuit, pro- 
ducing mechanical rotation. The rotative effect of alternating currents 
succeeding one another in timo is analogous to  two or three cylinders for 
producing continuous torque in an engine. 

Westinghouse realized what this motor would mean for a-c service, 
and he acquired patent rights and Tesla's services. A serious situation was 
encountered. Commercial circuits were single-phase a t  a frequency of 133 
cycles. Strenuous efforts t o  adapt the Tesla m t o r  t I this circuit were in 
vain The little motor insisted in getting what it wanted, and the m m -  
tain came to  Mahomet. Lower-.frequency polyphase generators inflicted 
obsolescence on their predecessors in a thousand central stations - such 
was the potency of the Tesla motor. 

The typical method of the '80's was the invention of a useful device 
such as an arc or incandescent lamp, or a railway motor, and the deve- 
lopment of a "system" to  operate it, which usually carried the name of the - 
originator- In a decade there appeared a score of systems - technical or 
commercial - for each type of lighting and a dozen for street railways. 
The initiative lay with inventors and manufacturs; what they achieved 



was accepted and used. But in 1890 came a challenge to  solve an unpre- 
cedented problem. 

In our milestone year, 1886, a charter was obtained for a great power 
development a t  Niagara Falls. By the initial Evershed plan many canals 
a t  right angles from the upper river were to supply separate wheel pits, 
each with a 500-horsepower turbine which would discharge its water into 
a tunnel system terminating at the foot of the falls. The project floundered 
until taken up by a New York group which entrusted its development to  
Edward Dean Adams. It  was soon found that the cost of the proposed 
excavation of wheel pits and discharge tunnels for water wheels at  points 
along 2% miles of river front for the prospective industrial city would 
be far too great. Economy called for location of the water wheels at one 
point, but the production of enormous power at one point called fw 
transmission both for local industries and for greater distances. Commercial 
electrical methods for arc and incandescent lighting either by direct or 
single-phase alternating current or for street railways when few electric 
machines exceeded 100 horsepower - all were inadequate for the great 
project. A world-wide quest for methods and apparatus was conducted 
by the International Niagara Commission of experts from several coun- 
tries, headed by Lord Kelvin. It invited and received plans. A copy of the 
original record of the commission in five volumes - much in longhand - 
tind 12 rolls of plans is in the Engineering Societies Library in New York. 
It shows the state of the ar t  in 1890. The 17 projects from 20 representa- 
tives of six countries dealt with hydraulic equipment and with transrnis- 
sion. Of the best-presented plans for transmission, six were nonelectrical 
and four of these employed compressed air; of the six electrical plans, 
four used direct current. Typical of the latter was the connection of ten 
generators of 1.000 volts in series for 10,000-volt transmission to  a similar 
arrangement of motors at Buffalo for driving generators for local distri- 
bution. Another plan proposed single phase. but "details were not fully 
described". The remaining plan by Professor George Forbes advocated 
a polyphase installation. He said: "It will be somewhat startlinq to many. 
as I confess it was at first to  myself, to find as the result of a thorough 
and impartial examination of the problem, that the only practical solution 
for Buffalo and the best solution for the new industrial city which it is 
proposed to build near Niagara lies in the adoption of alternating-current 
generators and motors". He further stated: "The only non synchronizing 
motor which has been developed in a practical form is the Tesla motor 
manufactured by the Westinghouse Electric Company and which I have 
myself put through various tests at  their works at Pittsburgh.. . The 
torque on starting is considerable.. . the largest I have tested was five 
horsepower.. . they have no commutator or even brushes or other col- 
lectors". He proposed generators of 500 horsepower (in a 50,000-horsepo- 
wer station) and transformers of 100 horsepower, as he advocated only 
sizes already assured. 

The commission found no proposal acceptible; "no prize was awarded 
for system of distribution"; it looked favorably on electrical methods but 
was not convinced that alternating current was adequate (Lord Kelvin 
persisted in his opposition to alternating current until he was proved 
wrong by its successful operation). 

That was the status of power transmission in 1890, when construction 
of the tunnel for 100.000 horsepower was under way. 

The polyphase system gained fame through the 100-mile transmission 
from Lauffen to the Frankfort Exposition in 1891 in which a 30,000-volt 
circuit delivered power to a 100-horsepower three-phase motor designed 



by Dobrovolsky. The project had been proposed by C .  E. L. Brown, eminent 
engineer and designer, t o  test transmission at high voltage by bare wires. 
He comments: "The three-phase current as applied at Frankfort is due 
t o  the labors of Mr. Tesla". 

The Niagara project was alluring and the Tesla method promising. 
The leading American electrical companies, Westinghouse, Thomson- 
Houston, and Edison General, did not present plans in 1890. Shortly 
afterward, the latter two united in the General Electric Company, which 
continued the development of polyphase apparatus already begun by 
Professor Thorhson. Westinghouse prepared for Niagara, delegating ge- 
neral engineering leadership t o  L. B. Stillwell and generator design to 
B. G .  Lamme. As a preliminary, the lighting of the Chicago World's Fair, 
1893, was undertaken by polyphase current. In an exhibit a 500-horse- 
power induction motor drove a two-phase generator for supplying power 
to  motors and lamps, and, via rotary ,converters and motor generators, 
t o  all types of d-c operation - from one source all services. 

The Niagara engineers had invited proposals and, when the two Ame- 
rican companies indicated their readiness to  proceed, visits were made to 
their works early in 1893 to inspect apparatus and discuss plans. Following 
successive presentations from both companies, a contract was awarded 
in October 1893 t o  the Westinghouse company for three 5,000-horsepower 
Tesla polyphase generators - several times larger than any predecessor. 
Later seven more completed the 50,000-horsepower equipment of power- 
house 1. The plans designated powerhouse 2 as "compressed air", but 
later it was electrically equipped by the General Electric Company, 

The simultaneous development of the Niagara project and the Tesla 
system was a fortuitous coincidence. No adequate method of handling 
large power was available in 1890; but, while the hydraulic tunnel was 
under construction, the development of polyphase apparatus justified the 
official decision on May 6, 1893, five years and five days after the issuing 
of Tesla's patents, to  use his system. The polyphase method brought suc- 
cess to  the Niagara project; and reciprocally Niagara brought immediate 
prestige t o  the new electric system 

Power was delivered in August 1895 to the first customer, the 
Pittsburg Reduction Company (now Aluminum Company of America) f o r  ' 
producing aluminum by the Hall process, patented in the eventful year 
1886. Thus the demonstration of alternating current by Stanley, the charter 
of the power company, and the beginning of aluminum, all occured in the 
early months of 1886. Each evolved in its own devious way and then joined 
in less than a decade in initiating a new era in power, in electrical service, 
and in the light metal. 

In 1896, transmission from Niagara Falls to  Buffalo, 22 miles, was 
inaugurated. Compare this gigantic and universal system capable of 
uniting many power sources in a superpower system, with the multiplicity 
of Lilliputian "systems" which previously supplied electrical service. As 
Mr. Adarns aptly explained: "Formerly the various kinds of current ,. 

required by different kinds of lamps and motors were generated locally; 
by the Niagara-Tesla system only one kind of current is generated, t o  be 

a- 

transmitted to places of use and then changed t o  the desired form". 
The Niagara demonstration of current for all purposes from large 

generators led immediately to  similar power systems in New Ywk City 



- for the elevated and street railways and for the subway; for steam- 
railway electrifications; and for the Edison systems, either by operating 
substations for converting alternating current to direct current or by 
changing completely to  a-c service. 

The culminating year 1896 inaugurated two farreaching developments 
for the extension of polyphase power, one commercial and the other 
engineering. By exchange of patent rights, the General Electric Company 
obtained license rights under the Tesla patents, later made impregnable 
by nearly a score of court decisions. Also the Parsons turbine, accompa- 
nied by its foremost engineer, was transplanted to America and enabled 
George Westinghouse t o  bring to fruition by a new method the ideal of 
his first patent, a "rotary steam engine". The acme of the reciprocatin~ 
engine came in the early 1900's; a century's development produced the 
great engines that drove 5.000-to 7,500-kW alternators for New York's 
elevated and subway. But the rapidly growing s t e m  turbine of different 
types soon doomed the engine t o  obsolescence; single units with the 
capacity of a score of the largest engines are now supplying power t o  the 
metropolis. Single powerhouses now supply more power than all of the 
thousands of central stations and isolated plants of 1890. 

A t  the turn of the century George S. Morison, eminent engineer, 
heralded manufactured power - engine power - as "The New Epoch" in 
human progress, most significant event since the invention of the written 
alphabet marked the step from barbarism t o  civilization He reviewed the 
contribution of power to the industrial revolution and the 19th century 
development, notably through mills and factories, locomotives and 
steamships. He foresaw its accelerating expansion through new types of 
prime movers and electrical methods of distribution and application. 
Further, he indicated the profound influence of these physical agencies 
on our ways of life. 

Much of what was predicted 40 years ago has already come to pass 
- including conflict and war. In out present strenuous war effort, both 
in the making of materials and in industrial production the sine qua non 
is electric power, and more electric power. The output of central stations 
during the first year of the present war was nearly ten times that of 25 
years ago; it was greater than the immediately preceding year by 20 bil- 
lion kilowatt-hours, the total output for the first year of World War I. 

Power and transportation have brought the nations of the world 
together as a unit. True, the development of physical facilities already 
moves faster than our ability to direct them to  the social good. But the 
new epoch of power aIIows indefinite expansion in the progress of civili- 
zation and its contribution to  the better life. 

The coming of manufactured power marked the beginning of the new 
epoch in the progress of mankind. Electric power indefinitely amplifies 
the usefulness of mechanical power. through transmission and reincar- 
nation in many motors, and by its production of light and heat and its 
contribution to chemical industry. 

The evolution of electric power from the discovery of Faraday in 1831 
to the initial great installation of the Tesla polyphase system in 1896 is 
"undoubtedly the most tremendous event in all engineering history". .- 



L. P. WHEELER 

TESLA'S CONTRIBUTION TO HIGH FREQUENCY* 

During the early part of the last decade of the 19th cantury the 
attention of the whole scientific world was challenged by Nikola Tesla's 
public demonstrations of the effects of high-frequency alternating cur-. 
rents. It was then very early in the commercial age of electricity. The 
incandescent light had not yet become commonplace, electric traction 
was just being intrcduced, and the controversy over the relative advan- 
tages of the a-c and d-c systems was at its height. Tesla's own ~ n t r i -  
bution to this controversy - one destined to be largely influential in the 
ultimate establishment of the low-frequency a-c system of distribution - 
was fresh in mind. The scientific world, stimulated by the brilliant investi- 
gations of Hertz in the latter part of the previous decade, was just 
beginning to adjust itself to the actuality of electrical effects a t  a distance 
without the use of wires and to the explanation of them as due to electro- 
magnetic radiation. Further, it must be remembered that the beautiful and 
curious phenomena of conduction through low- pressure gases at that 
time had neither lost their novelty nor received any convincing explanation 

Thus the brilliant experimental demonstrations of Tesla in which the 
then customary limits both of frequency and voltage were far exceeded, 
coming a t  a time when the phenomena within those customary limits were 
not understood thoroughly, aroused extraordinary interest and stimulated 
research along several lines to a considerable extent. The lectures were 
literally as well as figuratively brilliant, as the effects of the high fre- 
quencies produced by his oscillation transformer were demonstrated 
chiefly by those luminous discharges in lawpressure gas tubes which may 
be regarded as giving the first impetus to the development of the modern 
methods of gas-discharge display lighting. By 1895 almost every physics 
laboratory in the country had built a "Tesla" coil, and much work 
immediately suggested by the lectures was under way. As f a r  as the phy- t 

sicists were concerned, interest in such developments was, however, 
quite short-lived. This was due I think to two things: 

1. There was a growing conviction (never shared completely by Tes)a: 
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himself) that the distance effects were fundamentally attributable to 
electromagnetic radiation, and hence there was offered small hope of 
discovering any essential novelty. If there still remained some question as 
t o  the existence of some novel effect dependent on the very high voltages 
or frequencies or to  their combination (a thesis maintained by ~ e s l a  
himself throughout his life), the very general lack of existing equipment 
for dealing with the problems of insulation involved effectually discouraged 
any research in that direction. 

2. That extraordinary series of discoveries (the electron, the X-rays, 
radioactivity), which featured the second half of the 1890's and which 
almost overnight transformed physics from a striving for the next decimal 
place to  an exciting exploration of new worlds, offered fields of research 
far more inviting and promising than that of high-frequency and high-, 
voltage phenomena 

If, however, the lack of any effective follow-up of the Tesla pheno- 
mena on the part of physicists is understandable, it is more' difficult to  
unravel the causes of the neglect of Tesla's procedure and devices in the 
commercial developments that followed, particularly those in the field 
of radio communication. One reason may lie in the fact that the industrial- 
research laboratory with equipment adequate to the problems involved 
was yet t o  be born Another probably stemmed from Tesla's emphasis on 
the power rather than on the signal transmission potentialities of his 
devices. The infant electric-power industry had too many difficulties on 
its hands in working out its destiny in the light of known principles and 
practices to  spend much time or money or energy on totally untried 
projects or those involving little understood principles. Still another reason 
may be that the early successes of the Marconi and Slaby-Arco systems 
of wireless telegraphy without the use of the excessive voItages on which 
Tesla was so insistent, together with the (apparently) necessary connection 
between relatively low frequencies and long-distance transmission. created 
the impression that Tesla's techniques had nothing to  offer the new art. 

As to his own development of high-frequency applications, it is 
apparent from a study of his patent specifications that, while he was 
perfectly aware of the possibilities of his high-frequency devices for space 
communications and understood that signals for this purpose might be 
propagated as electromagnetic waves (see, for example, the patent speci- 
fication 613.809, of 1898). nevertheless he seems to have assumed that 
such propagation would be effective only for relatively short disbnces. 
He apparently thought that world-wide communications would be effected 
either by some form of corpuscular or electronic convection in the stra- 
tosphere or through the earth by alteration of its charge. If his knowledge 
of electrical science outside of the domains of a-c circuits had been more 
adequate, or if he had followed up experimentally the communication 
potentialities of his earlier inventions, his great talents would probably 
have led to much more fertile results. 

Whatever may have been the cause, it is nevertheless the fact that, 
in comparison with the effect of his development of the induction motor 
on the electric-power industry, Tesla's contributions to  the high-frequency 
field have been remarkably sterile. Of the well-known earlier treatises on 
radio, that of Fleming refers to  Tesla's high-frequency alternator and 
oscillation transformer, those of Pierce and Zenneck refer only to  the 
oscillation transformer among the Tesla inventions, and in any text 
published since about 1915 there is rarely even the mention of his name. 
The young radio engineer of today may very well complete his formal 



education without ever having heard of Tesla, except in connection with 
the induction motor and the rotating field, or possibly as the "father" of 
the neon-tube lamp. 

This seems somewhat unfortunate, for a perusal of his pertinent patent 
specifications would appear to  indicate that, although not exploited 
effectively for communication purposes, there are a t  least three matters 
of prime importance to the radio art  today on which Tesla's ideas were 
clearer than those of his contemporaries and on which he is entitled to  
either distinct priority or independent discovery. These are: 

1. The idea of inductive coupling between the driving and the working 
circuits. 

2. The importance of tuning both circuits, that is, the idea of an 
"oscillation transformer". 

3. The idea of a capacitance loaded open secondary circuit. 
It seems incontestable that all three of these fundamental ideas are 

clearly revealed in Tesla's patent specifications and lectures prior to 1894, 
although their application t o  communication purposes, while mentioned, 
is made incidental to the power-transmission objective. As none of these 
ideas appear in the specific literature of the radio art prior to the 
patent specifications of Marconi, Lodge, and F. Braun of the years 
1897-1900, it would seem that Tesla's name is worthy of perpe- 
tuation as a pioneer of these ideas which have been so basic in the radio 
art down to the present. He never succeeded, however, in translating these 
ideas into an operative system for the transmission either of signals or 
power. A study of the group of patents issued to him a t  the turn of the 
century would seem to  indicate that he did not realize the importance of 
the effect of antenna capacitance on the tuning of its circuit. Thus his 
proposed system was highly inefficient, if not inoperative. Hence, while 
he fairly may be considered a pioneer of the fundamental ideas already 
mentioned, he cannot be rated as the progenitor of their useful application, 
except as his work was a stimulus to  others. 

In addition to this major pioneering activity, Tesla made at least two 
contributions specifically in the communications field that are not gene- 
rally known The first is that embodied in the patent specification 613,809, 
dated November 8, 1898 (applicati~n July 1, 1898). entitled "Method of 
and apparatus for controlling mechanism of moving vessels or vehicles". 
This method of remote control operates on a succession of radio impulses 
whose incidence on a receiving antenna energizes through relays the 
battery-powered steering and propelling motors of the moving vessel and 
whose sequency and duration (at the will of the operato4 determine the 
direction and amount of rudder rotation. 

The inventor states that any method of producing the radio impulses 
(whether invented by himself or others) may be used, and that their pro- 
pagation may be by means of Hertzian waves or by the mechanisms 
(previously mentioned) that he favored. Without passing on the operative 
merits of the proposed system, it would seem to the author that this 
invention deserves mention as the earliest radio remote-control system 
with which he is acquainted. A minor matter of interest in this specifi- 
cation is the very ingenious decohering device employed - one quite dif-. 
ferent from those in common use a t  the time and perhaps more certain in 
its action. 

The second of these less known contributions is contained in patent - 
specifications 685,957 and 685,958 of November 5, 1901 (application March 

a 

21, 1901). entitled "Apparatus for the utilization of radiant energy" and 
"Method of utilization of radiant energy", respectively. These describe a 



scheme which, in so f a r  as it would be actually operative, depends on the 
changes in the charge on a capacitor produced by the incidence of the 
radiation (light) on an elevated-capacitance d a t e  antenna connected to  
one of the capacitor terminals. It is thus seen to  embody an application 
of the photoelectric effect discovered by Hertz in 1887, although Tesla 
seems to have been ignorant of that fact, and the explanation he offers 
is largely fallaciuos. It is not necessary to go into any of the details of 
these specifications. They are mentioned here only as illustrative of the 
experimental keenness which independentlv rediscovered the Hertz effect 
and the ingenuity involved in finding a possible application for it. As far 
as the author is aware, this is the only suggestion of such an application 
on record. 

After studying his patent specifications and the record of his public 
lectures, the author, in attempting t o  integrate and evaluate his impres- 
sions of Tesla and his work in the high-frequency field, has arrived a t  a 
mental picture of an immensely energetic personality possessing great 
skill in a-c techiques and great ingenuity in their practical utilization 
There also emerges the image of a man unable to realize the limitations 

, of his knowledge in other fields of science and the futility of mere 
ingenuity to  overcome that handicap. These characteristics, combined 
with intense tenacity of purpose, resulted in the perversion of great 
talents into a largely unproductive direction. Nevertheless, his earlier 
accomplishments mentioned herein, together with the inspiration given 
to many through his public lectures, would seem to  justify a place in the 
history of radio engineering not so very far below that due to his 
accomplishments in the field of low-*frequency alternating currents. 



NIKOLA TESLA* 

On the occasion of his visit in 1892 to  Belgrade, Tesla, in reply to a 
speech of welcome by the mayor of that city, spoke after this fashion: 
"There is something in me which is only perhaps illusory, like that which 
often comes to  young, enthusiastic persons, but if I were to be sufficiently 
fortunate to  bring about a t  least some of my ideas i t  would be for the 
benefit of all humanity. If these hopes become one day a reality, my 
greatest joy would spring from the fact that this work would be the work 
of a Serb". 

These sentiments reveal the human side of this great Serbian engineer 
and the abiding affection he always cherished for the land of his birth, 
notwithstanding that the greater part of his life was spent in a foreign 
country. 

Nikola Tesla was born on the 9th July, 1856 in Smiljan in Yugoslavia 
within the borders of the old Austro-,Hungarian Empire. 

The village of Smiljan is situated a t  the northern extremity of 
the coast of Dalmatia Tesla's father, a Serb, was a priest of the 
Greek Church and was the son of an officer who served with the Grand 
Army of Napoleon His mother was of a distinguished Serbian family and 
came from a long line of inventors. She also was very inventive and is 
credited with making improvements in agricultural implements, looms, 
and other rural apparatus. 

Tesla received his early education at Smiljan and a t  the 1oca-l town 
of Gospitch and later spent three years up to the age of 16 a t  the Higher 
Real School at  Carlovatz. At this time he was studying mathematics and 
physics with a view to  teaching these subjects. Later he changed his 
plans, took up engineering and studied at the Graz Polytechnic in Austria 
Later he completed his education a t  Prague University and graduated at 
the age of about 23. In addition to  his technical studies, he had by this time 
become a very accomplished linguist. 

As a boy Tesla was frail and of by no means robust constitution On - 
two occasions he nearly died before manhood; once from a severe attack ' 
of cholera and later from a very serious nervous breakdown, as a result 

* Journal of Institution of Electrical Engineers, London, Vol. 91, February 1944. 
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of over-study. During his convalescence after the first of these occasions 
he extracted from his father consent to be allowed to pursue an engine- 
ering career. His parents had intended him for the church, a plan against 
which he had rebelled from the outset. He seems to have revealed remar- 
kable personal characteristics as a boy and his inherent abilities were 
trained and developed by his parents - both of whom were very intelligent 
and highly cultured - to a degree outstanding in one so young. 

During his study a t  the Polytechnic at Graz he became very interested 
in the behavim of the G r m e  dynamo. 

He gave a great deal of attention to the problem of devising an electric 
dynamo which would not need a commutator, a problem which his profes- 
sor assured him was incapable of solution. Even at this age Tesla had 
begun to show evidence of considerable inventive capacity. It is said of 
him that he possessed to an amazing degree the ability to visualise the 
object of his invention, to develop it mentally through many stages and in 
great detail, and wen to picture its performance under varying conditions 
before he required to make drawings or models. This characteristic, which 
he exercised throughout his life, no doubt facilitated his great output of 
inventions recorded in the scores of patents that he took out. 

Much has been written in books and scattered papers of Tesla's life 
and work. Within the last few months among other notable ~ontribu~tions 
are those in the States by Professor C. F. Scott, late Professor of Elec- 
t ical  Engineering at the Sheffield School of Applied Science, Yde, who 
was some fifty years ago Tesla's assistant in Pittsburgh. Professor Scott 
has in particular described the part Tesla played in the development of 
electrical power engineering. Dr L. P. Wheeler, Chief of the Federal Com- 
munications Commission and President of the Institute of Radio Engineers 
of America, has written describing Tesla's work in the radio field. In this 
country Dr Eccles and Mr R. P. Howgrave-Graham have written most 
interesting and illuminating appreciations of Tesla's life and work. On the 
occasion of meetings held in Belgrade to celebrate Tesla's 80th birthday, 
many eminent engineers presented laudatory statements relating to dif- 
ferent phases of Tesla's work, and Slavko BokBan presented a very 
detailed analysis of the technical features of Tesla's many inventions, 
especially in those cases where rivals have disputed priority of claim 
This accumulation of technical information is a veritable storehouse to 
the engineer interested in these early developments, but today, in view 
of the fact that there are many in this audience who are not engineers 
and who have had no occasion to make themselves familiar with electrical 
developments, I feel that the best manner in which to commemorate 
Tesla's achievements is to show how his work has benefited mankind 
rather than to emphasise the purely technical details of his discoveries. 

To appreciate Tesla's achievements in this respect it is necessary for 
us to have a mental picture of the state of the art of electrical engineering 
at the commencement of his career, i. e., about the time he left the Uni-. 
versity of Prague in 1881. 

Before the beginning of last century the discoveries of Galvani and 
Volta had given us  the primary battery which would convert chemical 
energy into electrical energy and give us a steady flow of current. Oerstead, 
discovered the relationship between electricity and magnetism by showing 
that a pivoted compass needle would move when brought near a con- 
ductor carrying current. Faraday in 1831 discovered the laws relating to 
electro-magnetic induction. It was this epoch-making discovery that 
revealed that when a coil of wire is moved in a magnet field an electric 
current is induced in it, which pointed the way to converting energy from 



the mechanical to  the electrical form and is the underlying principle on 
which all dynamo-electric machinery is based. Let us consider just a few 
of the important milestones in electrical engineering history from the date 
of Faraday's discovery up to the time when Tesla's engineering career 
really commenced. 

By 1857 a number of attempts had been made to  construct electric 
generators and in that year Holmes produced a successful direct current 
dynamo which was used for arc lighting in lighthouses. Nine years later 
in 1866, Wilde devised an alternating current machine and Siemens a 
direct current generator. 

In 1870 Gramme designed a ring type direct current machine which 
was built oa a commercial scale and was probably in design similar to  the 
one which Tesla saw during his studies at Graz. Three years later Fontaine 
and Gramme demonstrated the reversible properties of the direct current 
dynamo and produced an electric motor drive. 

About this time in 1875 Crookes experimented with high vacuum 
tubes in which, by the application of high voltage, a luminous discharge 
was produced, phenomena which were later to intrigue Tesla. It is inte- 
resting that this form of apparatus has in recent years come into com- 
mercid usage, the tubes being filled with various gases such as neon and 
certain flumescent materials. In 1878 Jablochkoff, who had devised a 
form of arc lamp consisting of two carbons separated by a strip of plaster- 
d-paris, used this device for lighting the Thames Embankment. In the 
following year brush arc lighting displays were first shown in England, 
and in the same year Swan and Edison each produced practical forms of 
incandescent l m p s  with a carbon filament. In 1881 an electric railway 
was opened in Berlin by Siemens and Halske and about the same time 
Edison's steam dynamo was built on a commercial scale and installed in 
a number of small central stations. 

In 1882 Gaulard and Gibbs invented the transformer, which was to 
have a profound influence in the transmission and distribution of electri- 
cal paver. 

Now. power is a fundamental factor in the material progress of civi- 
lisation Only an abundant and cheap supply can provide the ever-expan- 
ding requirements f o r  operating factories as well as for use in transport, 
lighting, heating. haulage and communications. Without power, prqress  
ceases. Interest in, and a demand for, electrical power was in the eighties 
stirring everywhere. What was necessary was the means of converting 
some primary source of energy - coal, oil, flowing water, or gas - whe- 
rever i t  was situated, into the electrical form, and transmitting it  to where 
i t  was needed, always provided there were suitable devices at the other 
end for employing the energy thus available. 

An alternating single-phase system was the only one at the time that 
made long distance power transmission feasible, but unfortunstely cur- 
rent in this form was not convenient for motive purposes and was used 
mainly only for lighting. As already noted, i t  had been demonstrated by 
Fontaine and Gramme that the direct current dynamo could be made to 
operate as a motor when supplied with direct current, and such motors 
had already been used to a limited extent for traction and for driving 
machinery. The single-phase alternating current motor of that day. have- 
ver, was not very satisfactory since it  required separate means of starting a- 
and bringing up to synchronous speed, and its field windings needed a 
supply of continuous current for excitation, thus involving auxiliary plant. 



The central stations of this period were either driven by steam of 
water wheels, and supplied electrical power for lighting over relatively 
small local areas. It is said that in New York there were about 2.000 small 
D. C. stations in the last decade of the last century. Transmission over 
any appreciable distance under these conditions was uneconomical because 
of the heavy cost of the conductors necessary to keep the voltage drop 
low enough. With the development of the transformer, however, it became 
possible to transmit for much greater distances at suitably high voltages, 
the pressure being stepped up at the generating end and stepped down 
for distribution. An interesting station of this kind was that at Sardinia 
Street in London. 

Now to return to  Tesla; about the time he had completed his studies 
at Prague, the American telephone system was brought to Europe and an 
installation set up in Budapest. Through a friend of the family, Tesla 
joined this enterprise and commenced his practical career in 1881 in the 
Austro-Hungarian State Telephone Engineering Department. While in 
Budapest he made his first electrical invention - a telephone repeater. 
He never abandoned his early attempts to produce a commutatorless 
electric machine, and in pursuit, of the problem conceived a means of 
developing a rotating magnetic field to which I will refer later. After 
a short time in Budapest he left for France and joined the Edison Electric 
Light Company in Paris. He was engaged in putting into operation and in 
the repair and maintenance of equipment in the power stations that were 
then being installed in Europe by that company, and in this connection 
Tesla worked for autmut two years in Strasburg. While in that city he 
privately constructed his first commutatorless motor but could find m 
capital to develop his invention. In 1884 he proceeded to the States and 
some years later became a naturalised American citizen 

His first employment there was with the Edison Machine Works in 
New York, but his stay with this company was short-lived. The Edison 
interests were devoted at that time to direct current machinery, while 
Tesla was more particularly interested in alternating currents. However, 
he soon became known for his work and ingenuity, and several technicians 
and financiers proposed the founding of the Tesla Electric Light Company. 
Through he was keenly interested in the production of his motor, the 
urgent need of the times was for a system of electric lighting, and in 
1886 he perfected his arc lamp and patented a practical system for the 
illumination of factories and streets. 

In 1887 the Tesla Electric Light Company was founded This gave 
Tesla an oppo~3unity to develop many of his earlier ideas. In that year he 
filed several important patents covering new methods for the production. 
transmission. and utilisation d electrical power. These were most com- 
prehensive and covered the whole field of generation, transmission and 
utilisation of electrical energy. They comprised: - 

1. The discovery of the rotating field; 
2. Polyphase systems of alternating current; 
3. The invention of the induction motor; 
4. The transmission of electrical power for motive purposes; 
5. Developments in dynamo electric machinery. 

In his search for the commutatorless motor, Tesla conceived the idea 
of splitting up the windings of a generator armature, such as the Grarnme -- 
ring, into two or three symmetrically spaced groups, thus converting it 
into a polyphase generator. He was the first to construct polyphase gene- 
rators and transformers, and created thus a vast new system for the 



,transmission of electrical energy for motive power purposes. Let us con- 
sider further the basic principles of this polyphase system 

The upper portion of Diagram (Plate 1) represents a single phase 
arrangement comprising a single continuous winding mounted on a ring 
shapped laminated iron core. An alternating voltage applied to this 

Plate 1 
DLAGRAM SHOWING THE DIRECTION OF THE MAGNETIC PIIELD M R  SINGLE PHASE 

AND POLYPHASE STATOR WINDINGS. 

winding causes current to flow producing a field having the direction shown 
on the right. With two similar windings spiced 90' apart on such a core, 
as in the central portion of the diagram, and fed with two alternating 
voltages 90' out of phase with each other, the direction of the field from 
one of the windings is at right angles to that from the other and as the 
field from one builds up and recedes at regular intervals of time after the 
field from the other an effect equivalent to a rotating field is thus; 
created. Similarly with three separate windings, as in the lower portion 
of the diagram, the fields from each, when connected to a 3-phase supply, 
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Plate 2 
THE FIELD DIRECTION INDICATOR. 

are 120' apart, and as each field alternates in value in regular sequence 
with the other two, the equivalent effect is again that of a revolving field 
shifting progressively round the ring. 

Tesla devised this Myphase arrangement from the single phase 
system already known at that time. By providing a rotating exciting field 
in a machine having polyphase windings, he generated in, these windings 
polyphase currents which he applied to similar windings on a motor thus 
creating in the motor a rotating field which caused the rotor of the motor 
to revolve and so deliver mechanical pwer.  

To demonstrate this magnetic effect a laminated stator ring (Plate 2) 
has arranged on it three windings spaced 120' apart; when a vane of 
magnetic material, mounted on a pivoted vertical spindle having a pointer 
at its upper end, is lowered into the bore of the stator and one of the 
windings is connected to an electrical supply, the vane and therefore the 
pointer, instantly takes up direction of the magnetic field produced by 
that winding. The vane takes up a new position as each winding is inde- 
pendently connected to the supply and when all three windings are coupled 
to a three-phase supply the rotating magnetic field produced causes the 
vane and pointer to maintain a steady rotary motion, If now in the expe- 
riment the vane system is replaced by a pivoted squirrel cage arrangement 
of conductors (Plate 3) the latter instantly rotates. 

This shows the application of the rotating field in the design of the 
commutatorless motor, and is the principle that has been employed ever 
since in connection with this type of electrical machine. 

There were rival claim in connection with the invention of the 
induction motor, and the principle of the rotating magnetic field had been 
worked out mathematically by Ferraris. Claims were also made elsewhere 
in Europe by Wenstrom and Dobrowolski. The priority, however, of the 
Tesla patents was definitely established as far as America is concerned. 



and, as already noted, Tesla had conceived the idea of the rotating field 
many years before 1888 - the actual date of his patents. As Dr Eccles 
points out, however, this invention is of minor importance in comparison 
with the much more comprehensive one of the po'yphase system About 
this time Shallenberger devised an induction meter employing the same 
fundamental principles, but without knowledge then of Tesla's work. 

There was at this time great rivalry between the alternating and 
direct current systems of electrical power generation and distribution, 
and Tesla experienced some difficulty in getting finance for his alternating 
current developments. It is said of him that on one occasion, when trying 
to interest financiers in the possibilities of the rotating magnetic field 
motor, he made a sporting offer to outdo Columbus, who in somewhat 
similar circumstances had undertaken to make an egg stand on end. Tesla 
promised to  make the egg stand up by itself. There may be some truth in 
this story because a picture of his New York Laboratory shows the 
paraphernalia used for the demonstration (Plate 4). 

The wound stator ring described above can serve to  demostrate 
Tesla's Egg Experiment. A sheet of non-metallic material is placed wer  
the windings on the stator ring; a metallic egg is placed on this sheet 
immediately revolves around its minor axis as soon as the windings are 
energised from a three-phase supply. As the speed of the egg increases 
the egg rises on one end and continues to spin about its major axis, thus 
maintaining a vertical position without additiond suppart. 

The next few years were of great significance in Tesla's career and 
in the development of the electrical industry. In 1888 George Westinghouse 

Plate 3 
THE SQUIRREL CAGE ROTOR UNDER THE ACTION OF THE ROTATING FIELD. 

realised the importance of Tesla's patents covering the polyphase system 
of generation and transmission, and the application of the rotating mag- - 
netic field to  the design of alternating current motors (Plate 8). The 
Westinghouse Company secured these patents and at the same time 



engaged Tesla's services in order to develop the alternating current 
motor. These developments led to the discovery that the 133-cycle A. C. 
systems then in vogue were not well suited for motor operation, and before 
long a frequency of 60 cycles per second became general practice. 
Electrical events were now stirring in different parts of the world. In 1889 
Ferranti installed a single-phase plant at Deptford, transmitting power 
to four substations in London six or seven miles away at the then unpre- 
cedented voltage of 11,000. In 1891, on the occasion of the Exhibition in 
Frankfort, power was transmitted to Frankfort from the waterfall at 
Lauffen, a distance of upwards of 100 miles. The three-phase system on 
the Tesla prniciple was employed, and power was delivered to a 100 h. p. 
three-*phase motor designed by Dobrowolski. 

In 1893 came the Chicago Fair, where the Westinghouse Company 
exhibited the Tesla polyphase system of transmission In one exhibit 
power was supplied by a 500 h. p. induction motor driving a two-phase 
generator which provided power for motors and lamps, and by means of 
rotary converters and motor generators, for all kinds of direct current 
apparatus. 

About this time the engineering world was stirred by the propsal to 
harness the power of the Niagara Falls, and in 1886 a charter had been 
obtained for this purpose. According to descriptions by Professor C. F. 
Scott, an early plan was to have a number of canals running at right 
angles to the upper river to supply separate wheel pits each with a 500 
h. p. turbine discharging its water into an outflow tunnel terminating at 
the foot of the falls. This idea reflects the state of the art a t  the time 
when a 500 h p. water turbine and generator seemed to be the maximum 
size of unit that was practicable. Such a scheme was uneconomical, and 
there were no commercial enterprises within the locality that could absorb 
the energy developed. The nearest city likely to be able to  do so was 
Buffalo, some 22 miles distant. This distance was too far for economic 
transmission by direct current, and although single-phase alternating 
current might have been employed, this was not - as already indicated - 
very favourable for motive-power purposes. A world-wide search for a 
suitable plan for the Niagara project was conducted by the International 
Niagara Commission, consisting of experts drawn from several countries. 

Plate 4 
THE SPINNING EGG EXPERIMJCNT. 



headed by Lord Kelvin. From six different countries seventeen projects 
were submitted, many of them being based on a hydraulic system of 
transmission. Four more employed compressed air, and there were six 
electrical schemes, of which four suggested the use of direct current. 
Typical of the latter was the proposal to connect ten generators each of 
1,000 volts in series for a 10,000 volts transmission system to supply a 
similar arrangement of motors at Buffalo, for driving generators for local 
distribution. Among the remaining plans, Professor Forbes asserted a 
polyphase system, and he asserted that the only non-synchronising motor 
that had been developed in practical form was that devised by Tesla. 
Forbes proposed generators of 500 h. p. in a station having a total capacity 
of 50,000 h. p. with transformers of 100 h. p. each. 

The Commission found no proposal acceptable and no prize was 
awarded for a system of distribution. It is interesting that Lord Kelvin 
persisted in his opposition to alternating current until he was proved 
wrong by its successful operation - 

Subsequently, the Niagara engineers invited proposals from the two 
great American companies : the Westinghouse and General Electric, and 
in 1893 the Westinghouse Company was awarded a contract for three 5,000 
h. p Tesla generators, and later seven more units completed the 50,000 
h. p. equipment of the first station A second power station was later 
equipped by the General Electric Company. 

The development of the Scott two-phase three-phase transformer 
enabled interchange to be made between the two-phase and three-phase 
system P w e r  was transmitted to Buffalo by a three-phase 11,000 
volts line. 

It will thus be seen that this word-famous electric project, which 
was a pioneer development in hydro-electric power generation and trans- 
mission, became possible by virtue of the Tesla polyphase system of 
generation and transmission, and the invention of the induction motor 
following his discovery of the rotating magnetic field which facilitated 
the application of electrical power for motor drive. This project gave an 
enormous im'petus to the prestige and development of these two great , 
inventions. 

After working with the Westinghouse Company mainly on the deve-. 
lopment of the induction motor, in 1889 Tesla returned to his own labo- 
ratory in New York, where he carried on work on the development of 
a1 ternating current motors and generators. 

He then commenced those investigations and study of high frequency 
phenomena which were to occupy much of his attention for the rest of his 
active career. By 1890 he had commenced construction of high frequency 
alternators generating currents at e frequency of 20 kilocycles, using 
them as a power source for radio transmitters, believing that undamped 
excitation was very important. It is interesting to note that round about 
1910 the need for undamped excitation in radio became acute, and that 
from then on rotating alternators were developed systematically and 
finally were used successfully in some high power transatlantic stations. 
The need for such alternators passed away with the development of the 
high power triode valve about 1922. Thus the form of generator which 
Tesla started off with did not come prominently into use until a quarter 
of a century later, and then only shortly before it was inevitably super- 
seded by the valve. - 

In 1887 Hertz had demonstrated the existence of electrcl-magnetic 
waves predicted many years previously by Clerk Maxwell, and thereby 
brought the electro-magnetic theory into prominence and made it a 



popular subject for experimental work. Naturally ~ e s l a  brought his 
imaginative and inventive mind to bear on these problems and his experi- 
ment have had a marked influence on the development of radio. ~ e s l a  
seems t o  have felt that some new mechanism of transmission would 
result if only the input power were large enough, and set himself to pro- 
duce high frequency power on a vast scale, presumably hoping t o  reach 
the order of magnitude of cosmic disturbances. Other experimenters of 
the time were content to use a few watts of power and did not expect to 
do more than produce a very feeble signal at a distance. 

Tesla required immensely high voltages to  give him a chance to suc- 
ceed in what he was trying to do and this led to producing very high 
voltages and much higher frequencies than possible with the rotating 
alternator, by means of sparks, electrical osci'llations in a circuit conta- 
ining a low frequency A. C. source, an induction coil, a condenser, and 
spark gap. It is now well known that if a simple electrical circuit, con- 
sisting of a condenser and a coil, is subjected to an electrical shock, it 
will be found that electrical oscillations are produced having a frequency 
of precise relationship to the size of condenser and coil used. This fre- 
quency is known as the natural or rescnant frequency of the circuit. 

By varying the size of the condenser or of the coil alone, the resonant 
frequency of the circuit can be altered, but if the condenser size is 
increased and the coil size decreased in the correct proportion, then the 
resonant frequency will remain unchanged. Conversely, the condenser size 
can be decreased and the coil size increased in the right proportion, 
without altering the resonant frequency of the circuit. 

(When either the condenser size or the coil size can be varied, it is 
possible to arrange that the resonant frequency of a circuit is either equal 
to or widely different from the frequency of an alternating current source. 
In the former case the circuit is said to be tuned to the source frequency, 
or to be in resonance with it, and the current flowing through the circuit 
will be a maximum for a given voltage applied. 

In a similar way, two circuits can be tuned to the same resonant 
frequency, so that when connected together directly or placed in close 
proximity, the transfer of energy from one to the other is effected with 
the mqimum efficiency. Two circuits arranged in this manner are said to 
be coupled one with the other. 

So f a r  we have considered only loss-free circuits. In all electrical 
circuits, however, there is a certain loss of energy incurred in overcoming 
the electrical resistance of the circuit. If this were not so, then in the 
simple condenser-coil circuit first mentioned the oscillations set up by 
an electrical shock would persist indefinitely with undiminished amplitude. 
Owing to the losses inevitable in such a circuit, the energy associated 
with the initial shock is eventually absorbed and the oscillations die away 
and are said to be attenuated or damped. 

Tesla utilised the principle of tuned circuits in designing a high 
frequency transformer. The so-called Tesla coil consists in essentials of 
the following (Plate 5): - primary coil L, with the primary condenser C, 
which is charged by means of the low-frequency transformer TI Tz. The 
secondary circuit consists of the secondary coil Lz and the secondary 
condenser C z .  The primary and secondary circuits both have the same 
resonant frequency, i. e., they are in tune and they are coupled by reason 
of the fact that the two coils are concentric, one with the other. 

In operation the behaviour of the Tesla transformer is as follows: - 
The primary condenser C1 is charged to a voltage V, by means of the 
transformer TI Tz. The source of supply has a frequency which is widely 



different from that of the resonant frequency of L, and C1. The voltage 
V, which can be developed across the condenser is limited by the flash- 
over value of the air-gap G which, in breaking down, completes the oscil- 
latory circuit Ll C . Oscillations a t  the natural frequency of the circuit 
are thus generated in the primary circuit and the energy associated with 
these oscillations is gradually transferred to the secondary circuit by 
L, C,. Hence the whole of the energy (apart from that absorbed in losses) 
originally supplied to the primary condenser C, is eventually stored in the 
condenser Cr. At this stage the process is reversed and the energy is 
gradualiy transferred back to  the primary circuit and so on. At each 

Plate 5 
CIRCUIT DIAGRAM OF TESLA TRANSFORM=. 

stage of transference there is a certain amount of energy absorbed in 
losses so that eventually the oscillations die away, the spark across G is 
interrupted, and the process of charging the condenser C ,  from the 
transformer TI Ta recommences. 

The primary condenser C1 is large and the primary coil Ll is small, 
whereas the opposite conditions obtain in the secondary circuit. By this 
means a large current at  a comparatively low voltage V is transformed 
into a smaller current at a much higher voltage V,. (Apparatus used by 
Dr. Fleming to  illustrate his Tesla Commemoration Lecture is shown in 
Plate 6). 

The spectacular effects produced by the Tesla coil created much 
interest, and it is said that by 1895 almost every physics laboratory had 
built a Tesla coil. and interest in high frequency high voltage oscillations 
was greatly stimulated. 

The Tesla coil represents the first application of what is now known 
as the "coupled oscillatory circuit". Thus in the development of his coil, 
as early as 1891, he invoked the principle of tuning as an essential factor 
in his radio system, and it has been an essential factor ever since. 
Moreover. his loosely coupled tuned transformer was soon employed in 
all spark transmitters. Thus in his initial approach to  the radio problem, 
he provided the art with the great principle of tuning. 

A convenient mechanical analogy to the Tesla transformer is provided 
by two pendulums hanging from a horizontal wire. These pendulums are 



Plate 6 
TESLA TRANSFORMER AND OTHER H.V. APPARATUS USED IN DEMONSTRATIONS FOR 
THE NIKOLA TESLA COMMEMORATION LECTWRE. NOV., 1943 (LONDON) AND APRIL. 1944 

(MANCHESTER). 

of the same length and therefore have the  same frequency of oscillation. 
They are coupled by being fixed to the same suspension wire. When the 
red pendulum (primary) is displaced from the horizontal and allowed .to 
swing to and fro, it will be observed that the amplitude of the swings 
gradually becomes less. The yellow pendulum (secondary), which was 
stationary, now begins to oscillate, and as the amplitude of the swing on 
the red pendulum decreases, that on the yellow increases. Finally a stage 
is reached when the red pendulum is stationary and the yellow pendulum 
is swinging at maximum amplitude. At this stage the energy formerly 
supplied to the red pendulum has been transferred to the yellow and in 
the next stage it will be seen that the reverse process occurs. 

- If the red pendulum is held at a time when its oscillations have ceased, 
due to the energy of the system having been transferred to the yellow 
pendulum, then the yellow pendulum (secondary) continues to swing with 
a slightly damped oscillation until all the system energy is dispersed, i. e., 
there is no feed back of energy to the red pendulum (primary). This is 
analogous to the use in the Tesla transformer of an air blast across the 
primary spark gap. This air blast will interrupt the primary arc at a stage 
when the energy has first been fully transferred to the secondary winding 
so there is no feed back to the primary circuit as the oscillatory portion 
of the circuit is opened. 



By sliding the suspension points of the two pendulums further apart 
on the horizontal wire, the coupling between the pendulums is decreased. 
The effect of this is to reduce the beat frequency of the system and so 
delay the transfer of energy from one pendulum to the other. The effect 
here is again in direct relation to the electrical case where the coupling 
is made looser. 

When Tesla lectured before the Institution in 1892, he performed a 
number of experiments to show the light produced by high frequency 
discharges in free air, or in glass bulbs evacuated to  a low gas pressure. 
Some of these experiments in a slightly modernised form are being per- 
formed this afternoon The first three experiments show the glow 
discharge from a wire supported on a glass plate, the streamer discharge 
across the surface of a glass plate, and the development of glow 
discharge in a 1 2  f t .  Geissler tube whilst being pumped from atmospheric 
pressure down to a pressure of less than one-hundredth of an atmosphere. 
To complete the latter experiment the air will be allowed to re-enter the 
tube until atmospheric pressure is again attained, thus shaving the 
discharge sequence in reverse. 

The idea of using streamer or glow discharge in air as a means of 
illumination has not proved to be practicable, but the use of the cold 
discharge in low gas pressure is a feature of the fluorescent lighting 
of to-day. 

At this point in his lecture Dr. Fleming demonstrated the following: 
First the flashover of a porcelain insulator to illustrate one ol' the modern uses of  

the Tesla transformer, i. e.. to detect surface cracks in porcelain by virtue of the sparks 

Plate 7 
HIGH FREQUENCY ARC DISCHARGE FROM =LA T-FOILMER 



which tend to cling closely to the surface of the insulation (Plate 7); secondly the disch- 
arge in free air from a pointed terminal with occasional flashover to an earthed conductor. 
This illustrates on a small scale some oi the magnificent effects Tesla later poduced in 
his laboratory at Long Island. The third experiment was to show that a long neon tube 
when brought in the electrical field surrounding the Tesla transformer can be made to 
glow even without any direct electrical connection. 

Using a coreless coil submerged in oil so as to  enable the primary 
and secondary windings to be brought close together, i. e., tightly coupled, 
Tesla was able to step up voltages to  values of the order of millions 
of volts. 

He devised a large mercury type interrupter capable of handling 50 
h. p. a t  an interruption rate of 100,000 breaks per second. He employed 
this device in his later researches in 1900. when he began his study of the 
wireless transmission of energy. 

For some of his work he desired to  make undamped high frequency 
currents audible in a telephone, and did so by inserting a vibrating contact, 
called a "ticker", in the circuit. The Tesla "ticker" was an indispensable 
adjunct in the early Paulsen Arc stations and was a standard piece of 
radio equipment until the introduction of the heterodyne beat note system 
now familiar to radio engineers. Thus again a piece of his incidental and 
minor apparatus was to hand and was used extensively years after he had 
invented it. 

At a meeting in March 1893 before the Franklin Institute and the 
National Electric Light Association, Tesla demonstrated the physiological 
and luminous effects obtained by high frequency currents. He announced 
the ps ib i l i t y  of transmitting energy without transmission wires. The 
diagram illustrating his proposals shows an elevated metal surface con- 
nected by a vertical wire to  a large earthed metal plate excited from one 
of his high frequency transformers, with a similar arrangement at the 
receiving station. He did not patent this aerial arrangement although it 
appears to  be the first use of an antenna system. An indication of Tesla's 
objective at this time was given in his own words in a lecture at the 
Franklin Institute, 1893, in which he said, "I do firmly believe that it is 
practicable by means of powerful machines to  disturb the electrostatic 
condition of the earth and thus transmit intelligible signals and perhaps 
power". He went on to  suggest that the disturbance could be produced 
without a great deal of energy by using a suitably adjusted self-induction 
and capacity device set in action by resonance. 

In 1895 his laboratory was destroyed by fire, but he continued his 
experiments in wireless transmission in 1896, and succeeded in transmit- 
ting signals without wires over a distance of 20 miles. In 1898 he con- 
structed a small ship, which he succeeded in directing from the shore 
by radio. 

Following up his idea of making the whole terrestrial globe oscillate 
electrically, in 1899 in Colorado he erected a high aerial tower and con- 
nected a very high-voltage Tesla coil between it and the ground. He hoped 
apparently that the large periodic electric charge which was thereby 
elevated high above the ground would excite an oscillation of the whole 
globe. Immense power seemed essential to  him, and he presumably hoped 
to achieve a resonance of the globe. The mechanism of propagation he 
looked for was not the mechanism which Hertz and Maxwell thought of 
and which is used today, but the method he used in his attempt involved 
the employment of a high aerial and a ground connection, two of the most 
obvious features of present-day radio. He transmitted enough power to  



Plate 8 
EARLY LABORATORY MODEL OF TESLA MOTOR WITH ROUND ROTOR AND 

SLIP RINGS. 

light a lamp a t  a distance of 30 km. and t o  produce detectable signals a t  
a distance of 1,000 krn. 

Tesla showed that tuned coils placed a distance from the transformer 
cou1.d pick up energy from it, and that  quite large voltages could be deve- 
loped in such coils. Although we have not used a coil accurately tuned 
to the Tesla transformer in this demonstration, we have arranged a coil 
such that it is capable of demonstrating the principle involved. When the 
coil plane is vertical there is practically no pick-up of energy from the 
transformer. If the coil plane is horizontal there is appreciable pick-up, 
and sufficient voltage is developed across the coil t o  light a small 
neon lamp. 

Some years after the experiments a t  Pike's Peak, Colorado, he built 
the famous tower on the beach a t  Long Island. It was some 200 feet high, 
surmounted by a metal sphere about 70 feet in diameter, designed t o  
stand many millions of volts a t  high frequency. He called it a "Magnifying 
Transmitter" and spoke of broadcasting telegraphy, speech, vision and 
power. His concepts of its action are not clear. The tower was never fini- 
shed, and it was dismantled about 1915. 

Tesla's vision was focussed closely on an attempt t o  produce some 
large-scale effect a t  vast distances, and he did not succeed. In his strivings 
he produced almost incidentally a whole succession of apparatus which 
was employed successfully by other workers striving for less ambitious 
ends. his primary concentration allowed him to  pay more attention 
to the tools which his inventive genius improvised freely. then the  great 
influence he had on radio development would have' been obvious t o  all. 
Reference t o  his writings and patents shows that many pieces of radio 



equipment had passed through his visualising mind, though many did not 
advance beyond the outline of the idea. Tesla was a most ingenious and 
prolific inventor, and all his inventions seem to have embodied some 
essentially novel principles. 

Reviewing the outstanding features of Tesla's achievements, that of 
the most direct value to mankind was the development of the polyphase 
electric system of generation, which is the basis of all systems of electrical 
transmission all over the world, and the discovery of the rotating magnetic 
field and its application to  the design of alternating current motors. These 
two inventions facilitated an enormous development of electrical power 
generation, distribution, and application. Additional achievements in con- 
nection with the power side of electrical engineering were his contri- 
butions to the developments of transformers, switchgear, meters, and 
arc lamps. 

His contributions in regard to high frequency electrical phenomena, 
compared with his work in the field of power engineering, have been of 
importance in extending scientific knowledge, rather than taking the form 
of inventicns d farreaching importance. He laid the foundations of 
knowledge and develcped apparatus which was brought to  commercial 
success by others, and in this connection he reaped little in the way of 
material reward and inadequate recognition of his achievements. 

He invoked the principle of tuning as an essential factor in his radio 
systems. He appears to have been the first to use a transmitting aerial 
and receiving antenna tuned to the same frequency. He very early con- 
ceived the idea that the upper conducting layers of the atmosphere might 
be helpful in the transmission of radio signals. He studied the physiolo- 
gical effects of high frequency phenomena and their application to 
blodless surgery. He was successful in the prduction of ozone and other 
gases and constructed, among other devices, electrostatic condensers, 
frequency meters, etc. 

It was characteristic of Tesla that he appeared indifferent to the 
commercial side of his work and left the working out of ideas and the 
commercial development to  other people. 

Tesla died on January 7th 1943 in New York at the age of 86. 
He is described a s  being very tall, very thin, plainly dressed and 

immaculately groomed and of delightful courtesy and charm. Dr. Eccles 
in his appreciation of Tesla says "his genius lay in conceiving broad 
schemes, in inventing means - ingenious means - of carrying them out. 
and in designing and building apparatus to prove them practicable". 

An amazing feature of his work was its range which extended into 
almost every branch of electrical engineering of his day. We are proud 
that he was a member of this Institution, and we delight in recalling the 
achievements of one of the greatest electrical engineers of his generation. 
We pay grateful homage to his genius which has greatly enriched our 
knowledge of electrical science, and his inventions - so lavishly produced 
- which have added so greatly to the amenities and the material progress 
of mankind. 



ARTHUR P. M. FLEMING 

TESLA'S CONTRIBUTION TO THE DEVELOPMENT 
OF ELECTROTECNICS* 

Tesla's achievements in electrical engineering may be classified 
broadly according to whether t h e  are concerned with low or high fre- 
quency currents. 

During a long and extremely active life. Tesla made scientific and 
technical discoveries of very far reaching importance. He was prolific in 
inventions and took out many hundreds of patents associated with the 
instruments, apparatus and plant pertaining to  the varied and rapidly 
developing electrical industry of his day. 

His patents covered a wide range of invetions including those related 
to meters, arc lamps, pyro-magnetic generators, unipolar dynamos and 
instruments of various kinds. He made improvements in the design and 
construction of dynamo electrical plant. He studied the physiological 
effects of high frequency current in connection with bloodless surgery. 
He conducted extensive researches concerned with communication by 
wireless means. 

Tesla had the gift of inspiring others to  work an his ideas, and, 
regardless of financial return to  himself, to  carry to fruition projects he 
initiated. 

In the field of high frequency phenomena in which he was extremely 
active, his many contributions were of greater importance in extending the 
field of knowledge, tharl in achieving inventions of such far reaching 
significance as was the case with his work in the field of low frequency 
currents. 

Tesla's discoveries have been described by writers of many countries, 
and there is little of his work that has not been very fully recorded in 
numerous books and technical documents. 

On this occasion I shall refrain from recounting these records, impor- 
tant as they are. In the time available my purpose will be better served 
by directing your attention to a few of those contributions that have been 
of such fundamental importance, and with which Tesla's name will be for -- 

* Lecture read at the Tesla - Congress 1956 in Beograd 



ever associated; contributions that have lead t o  the prevision of amenities 
that have benefitted all mankind. 

To obtain a true perspective of Tesla's contributions to  the develop- 
ment of electrotechnics iti is necessary to picture the state of the 
electrical art  a t  the time he commenced his practical career - about 1880. 

Resulting -from the earlier work of Galvani and Volta, primary bat- 
teries had been produced which converted c h e m i c a 1 energy into 
e 1 e c t r i c a 1 energy, and provided a steady uni-directional flow of 
current. From the effect on a compass needle placed near a conductor 
conveying current, a relationship between electricity and magnetism has 
been observed. 

Faraday. in 1831. discovered the principles of electromagnetic 
induction and pointed the way whereby m e c h a n i c a 1 energy could be 
converted into electrical energy. For example, a coil of wire when moved 
in a magnetic field had an electric current induced in it, thus the mecha- 
nical energy expended in moving the coil was converted into electrical 
form, a principle which underlies the design of all dynamo machinery. 

Before the date of Tesla's birth, several forms of electrical generators 
had been devised. In 1870 Wilde built a machine providing alternating 
current, and in the same year Siemens constructed a direct current gene- 
rator in which the alternating current produced in the armature windings 
was made to flow uni-directionally by means of a commutator. Gramme 
designed a ring type direct current machine which was built on a com- 
mercial scale and was probably similar in design to the one which Tesla 
saw during his studied a t  the Gratz Polytechnic. 

About this time the reversible property of the direct current dynamo 
was discovered, and the direct current motor thus became possible. 

Up to this time electricity had been used mainly for certain forms 
of illumination, arc and incadescent, and only to  a very limited extent 
for motive purposes. 

In 1882. Gaulard and Gibbs invented the transformer, an invention of 
fundamental importance in the economic transmission and distribution of 
electrical power over wide areas. 

-Power is fundamental tcr the material progress of civilization. Only 
an- abundant and cheap_ supply could provide for the ever expanding 
requirements for operating factories, transport, heating, haulage and 
communications. Without power in an economic and convenient form, 
material progress ceases. 

Interest in, and a demand for electrical power was stirring everyw- 
here. What was necessary was a means of converting some primary source 
of energy - coal, oil, gas, steam or flowing water wherever it was 
available, into electrical form and transmitting it to where it was needed, 
always provided there were suitable devices for employing the energy thus 
available. 

The subsequent discoveries of Tesla lead to the means whereby power 
became available to everyone. 

An alternating current single phase system was the only one available 
at this time, but unfortunately current in this form was not convenient 
for motive purposes. The single phase alternating current motor was not 
very satisfactory since it required separate motive power for starting 
and bringing up the rotor to synchronous speed. 

Power stations of this period were small, for instance, in New York 
there were about two thousand small direct current generating plants. 
Generators were driven by steam or water wheels, and electrical power 



used almost exclusively for lighting was supplied only over relatively 
small areas. 

Because the voltage of generation was relatively low the transmis- 
sion of power over long distances was uneconomic because of the cost of 
the heavy conductors required to limit voltage drop. 

The situation was greatly improved by the use of transformers to 
raise the voltage of transmission and thereby reduce the size of the con- 
ductors for the same amount of power to be transmitted. 

Tesla's study of the early electric generators of this time, both while 
he was at  the Gratz Polytechnic and at the commencement of his practical 
career in industry. led him to seek a means of eliminating the commutator 
used in the direct current machine. 

In his experiments with the Gramme generator he conceived the idea 
of winding the magnetic ring, not with one continuous coil, but with two 
or more independent separately spaced coils. Using for example, three 
such coils, each coil would behave as a separate generator, producing 
alternating current but the alternations in the three windings would be 
out of phase with each other by 120'. If only two'such coils were symetri- 
cally spaced, the alternations in the two coils would be 180' out of phase 
with each other. 

On this princip!e Tesla developed the first polyphase generator - the 
starting point of the polyphase system of generation, transmission and 
distribution of electrical power. This system came into universal use and 
is the only system in use today. 

This undoubtedly was Tesla's most important discovery. The poly- 
phase system extended enormously the whole field of electrical engine- 
ering, and polyphase currents became used in motors operating on entirely 
new principles. This application revolutionised to a considerable extent 
motive power for use particularly in factories, and facilitated enormously 
industrial applicaton of electrical power. 

A s  already noted the single phase alternating current was not suitable 
for the operation of motors, and in studying this problem Tesla conceived 
the idea. of using polyphase current to produce in a magnetic circuit, a 
rotating magnetic field. Applying the polyphase current to windigns on the 
magnetic circuit of the motor similarly spaced to  those on the generator, 
the magnetic effect produced caused the rotor to revolve and thus deliver 
mechanical power. The discovery of the rotating magnetic field and its 
application to the design of what became known as the polyphase induction 
motor, must be put into the first rank of engineering invetions. 

It will now be seen that by means of the polyphase system current 
could be generated, its voltage reised to an appropriate amount for long 
distance transmission, transformed down again to be suitable for the 
polyphase induction motor which was to become so widely used for motive 
power. The production of the polyphase motor proceeded quickly on a large 
cmmercial scale. 

About this time the engineering world was stirred by the proposal 
to harness the power of Niagara Falls, and in 1886 a charter was granted 
for this purpose. Of the various schemes for harnessing this power the 
one that seemed mast likely was to tap the head waters about the Falls 
by a number of canals leading water to separate small direct current 
generators. The power from these generators situated within economic 
reach of industrial areas, would be used to supply a separate motor. 
international Commission had been set up to consider the whole problem, 
and after most careful study of all the possibilities, it was decided that 



the Tesla system - polyphase generation and use of power with the 
induction motor, was a system best suited f o r  the purpose. 

An alternative plan was one comprising ten direct current generators 
of 1,000 volts in series providing a 10,000 volt transmission to  Buffalo 
where a similar arrangement to motors would drive generators for local 
distribution of power. 

Eventually, contracts were placed for a total generating capacity of 
50,000 horsepower in 5,000 horsepower polyphase units. 

By this time Tesla induction motors of units up t o  500 horsepower had 
already been constructed. 

It will thus be seen that this world famous project which was a pioneer 
development in hydro-electrical power, generation and transmission. 
became possible by virtue of the Tesla polyphase system, and the invention 
of the induction motor. following his discovery of the rotating magnetic 
field, facilitated the use of electrical power for motive drive. The Niagara 
development gave enormous impetus and prestige to the development of 
these two great inventions. 

It was fortuitous that the discoveries of this great genius, which 
revolutionised generation and transmission of electrical power, should 
be available just when the need, as  shown by the Niagara Falls project, 
was most pressing. 

In the growing field of electrical application Tesla's ingenuity and 
incessant energy found full scope and his activities touched every phase 
of electrical engineering and overshadowed those of any other electrical 
engineer of his time. 

The researches of Hertz drew Tesla's attention to  electrical pheno- 
mena associated with high frequency high voltage currents, and to  
electrical effects at a distace without connecting wires. Up t o  this time 
Tesla's activities had been concerned largely with the generation and use 
of alternating currents a t  low, i. e., commercial frequencies, and to the 
design and development of apparatus connected therewith. He now turned- 
his attention to  the field of high frequency currents and studied how 
these could be generated and used on an engineering scale, He had in 
mind the possibilities of power on a large scale being transmitted at high 
frequency without wires 

He designed and built alternatiors attaining frequency of 30,000 cycles 
per second. He experimented in the transmission of power a t  high fre- 
quency and transmitted power to light a lamp a t  a distance of 30 k. m. He 
transmitted signals from a plant he establiched in Colorado at  a distance 
of 1,000 k. m's. His investigaticn and study of high frequency phenomena 
occupid much of his attention during the remainder of his active career. 

By 1890 he had commenced the commercial construction of high 
frequency alternators. using them as a power source for radio transnit- 
ters, believing that undamped excitation was very important. It is intere- 
sting that about 1910, in the radio field, the need for undamped excitation 
became acute, and from then on the rotating alternators were developed, 
and are used today in some high powered transatlantic stations. The need 
for such alternators ceased with the development of the high powered 
triode valve about 1922. 

Tesla seemed to  think that advance could be made only if greater 
power was available, and he set  himself the problem of producing high 
frequency power on a vast scale. He constructed apparatus leading to  the 
production of very high voltages and frequencies greater than was pos- 
sible with a rotationg alternator. 



In his frequency researches he brought into usefulness the principle 
of tuned circuits. i. e.. circuits having the same natural of resonant fre- 
quecy. He appears to  have been the first t o  use a transmitting aerial and 
a receiving antenna tuned to the same frequency. He designed the h q h  
frequency transformer, known sometimes as the Tesla coil, and with this 
apparatus he was able to obtain very high voltages at high frequencies, 
and use the apparatus to  prcduce discharges, specially under vacuum of 
extraordinary magnitude and spectator effect. 

The Tesla coil attracted the attention of physicists and became a very 
popular piece of experimental apparatus. He lee turd  in several countries 
on high frequency phenomena, and gave brilliant demonstrations using 
the facilities provided by the Tesla coil. 

L. P. Wheeler, writing on Tesla's contribution to high frequency, gives 
u s  the impression of Tesla as one of immense energetic personality, p- 
sessing great skill in alternating current technics, and great ingenuity in 
their practical utilization. 
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REGINALD 0. KAPP 

TESLA'S LECTURE AT THE 
ROYAL INSTITUTION OF GREAT BRITAIN, 1892* 

Tesla was already world famous at the time when he delivered his 
lecture to the Royal Institution in 1892; that lecture brought him into 
personal contact for the first time with many British scientists; together 
with a lecture to the Institution of Electrical Engineers just before, it 
made a great impact on thought in Great Britain and put before an 
illustrious audience a number of new discoveries that were being presented 
for the first time. Although I was not yet seven years old a t  the time, I can 
still remember the lecture being talked about by visitors to my father's 
house. 

In discussing that lecture I should like to present it in its proper place 
in Tesla's scientific career and show at the same time the relation of the 
work that Tesla demonstrated on that occasion to the then state of scien- 
tific knowledge. In order to  do that adequately I have t o  recall to you at 
least one of Tesla's earlier achievements. 

By 1892 the polyphase induction motor with which he revolutionised 
electricity supply was well known It had been the principal sensation of 
the Frankfurt Exhibition a year earlier and Tesla had for some time been 
turning his attention in other directions. Nevertheless, the work reported 
in the lecture to the Royal Institution was more logically the consequence 
of his earlier work than has been generally appreciated. I should like to 
say a little about the polyphase motor in order that you may appreciate 
this logical continuity in Tesla's thinking. 

Today we are so familiar with three-phase supplies that we may well 
forget what intellectual subtility went to the invention of polyphase 
systems. Before Tesla's day a magnetic field appeared to be firmly attached 
to the piece of metal in which it originated. The lines of magnetic flux 
were thought of as emanating from an iron armature and as being secured 
to this somewhat as bristles are secured to a b r m ,  i e. moving when the 
armature moved and being at rest when the armature was at rest. The 
notion that the lines of magnetic flux could slip over the armature, that 



an invisible moving field could be produced by stationary metal was quite 
alien to the way people thought seventy years ago. They must have been 
startled indeed at the notion that a magnetic field could rotate when it 
was produced by copper conductors and iron that did not move. 

In appreciating this startling new way of thinking about magnetism 
one has to distinguish between the geometry and the dynamics of the 
rotating field. There has been discussion in the past as to whether Ferraris 
or Tesla first thought of the geometry of the rotating field; but there 
cannot be any doubt at all that Tesla was the first to  appreciate its dy- 
namics. It was he alone who saw clearly that a rotating field could be 
devised powerful enought to drag a rotor with it and to work machinery 
that might be connected to the rotor. Here the step from geometry to 
dynamics is a big one; it is the step from a piece of laboratory ingenuity 
to a great advance in engineering. Philosophically it marks a break away 
from the notion that every moving part of a machine must necessarily 
consist of tangible matter. Only when one places oneself in imagination back 
in the eighteen eighties, only when one recalls Lord Kelvin's preoccupation 
with a search for a mechanical model of all physical phenomena, can one 
realise what a significant advance in thought Tesla's great discovery was. 
And in the practice of engineering it was no less significant. The electricity 
supply industry would be in a backward state indeed if were no polyphase 
induction motors. 

A long while back in pre-history some anonymous genius invented 
the wheel. That was one of the biggest benefits ever given by a man to his 
fellows. The invention was perhaps rather obvious; but the invention of 
a n  invisible wheel and one made of nothing but a magnetic field was far 
from obvious, and that is what we owe to Tesla. It could only spring from 
a brilliant and unique intellect. 

The road od study and research that Tesla had been following when 
he invented the induction motor was by no means a straight one. When 
he set out upon that road as a young man no one could have foreseen the 
direction in which i t  eventually led him. It certainly did not seem at that 
time to lead into the domain of the alternating current. For Tesla had, 
like his contemporaries, been inclined to  think almost exclusively in terms 
of D. C. equipment of teaching laboratories in those days included Leyden 
jars, pith balls, electroscopes and other devices for the exploration and 
use of uniform electrostatic fields; it included unidirectional magnets and 
batteries from which the current might be drawn to energise them; it 
included perhaps a small dynamo provided with a commutator and capable 
of supplying direct current. Students were, in short, educated to  be D. C. 
minded. 

Those who appreciated the extreme mobility of electricity and its 
extreme convertibility into other f o m  of energy saw electricity supply 
as a chain of conversions of energy from one form into another, the 
energy occuring at one end of the chain in the form of the potential energy 
of coal or water in a mountain lake, and a t  the other end in the form in 
which the energy was required by the user. Tesla was among those who 
realised very clearly that a weak link in the chain was the commutator, 
so he set himself the task of designing a D. C. machine that would not 
have one. 

At that time the ideal generator must have seemed to be one that 
behaved like the familiar batteries znd had either no commutator at all 
or one that gave no trouble. But Tesla was of rare type of man who - 
know thst the road t o  progress often abrupt turnings. Although the road 
straigt ahead pointed in the direction of an improved commutator, Tesla 



decided at a decisive moment in izis life to turn away from that road. 
Having pondered deeply on the question how to  make a D. C. dynamo that 
gave no commutator trouble, he found an unexpected answer: don't try. 
Abandon the dream of better D. C. and let the supply of electric p e r  
be by A. C. 

At the same time Tesla realised that whether one used D. C. or A. C. 
a satisfactory motor would have to  have a continuous torque. To achieve 
this something would have t o  be set spinning; if it was not a commutator 
it could be an invisible magnetic wheel. 

Thus, having met frustration in the D. C. country, Tesla landed with 
one bold imaginative leap in the A. C. country. He immediately began to 
explore this and s w n  realised that the conversion of A. C. energy into 
light and power was only a part of the many things that could be achieved 
by it. He also realised that for different purposes different voltages and 
different frequencies would be appropriate. He may have been helped 
towards this conclusion by the fact that a frequency of 133 cycles, a t  that 
time widely used in the U. S. A., had proved t w  high for power purposes 
and had been replaced by frequencies having less than half that value. 

Having successfully launched the magnetic wheel on its career and 
ensured that in due course it would be spinning throughout the civilised 
world, Tesla characteristically turned his attention in other directions. 
He set out to explore the properties of the alternating electric current 
over as wide a range of frequencies and voltages as his ingenuity could 
achieve. This first led him to the design of generators with hundreds of 
poles and capable of providing A. C. currents a t  10,000 cycles. But when 
he wanted to  achieve still higher frequencies. Tesla found that attempts 
to do so by mechanical means led into a new blind alley just as his earlier 
attempts to produce a commutatorles D. C. machine had. Once more he 
turned in a new direction, and the imaginative course that he pursued 
revealed the consistency of his scientific outlook. As his solution of the 
earlier problem had been to  invent the invisible magnetic wheel, so his 
solution of this new one was to invent the invisible electromagnetic 
pendulum, now known as the Tesla coil. Only the man who could think 
of the one was likely to think of the other. 

The Tesla coil consists of magnetically coupled circuits in which an 
electric charge swings to  and fro just as a visible pendulum swings to  and 
fro in a clock. Small pushes to  a pendulum, if synchronised with the period 
of swing, can be used to store large amounts of energy. This energy 
appears alternately as potential energy of position and as kinetic energy 
of motion-according to  whether the pendulum is at  the extremity or the 
middle of its swing. In the Tesla coil the oscillating energy appears alter- 
nately as that of an electrostatic and that of an electromagnetic field; 
but the principle is the same. It  is called the principle of resonance. As f a r  
the rotating field the dynamic effect in the Tesla coil is produced by iron 
and copper that does not move. That contradicted the nineteenth century 
concept of what constitutes a machine. Surely no other mind but the one 
that conceived the dynamics of the rotating field could have conceived 
the resonating circuit. The theme of Tesla's famous lecture to  the Royal 
Institution in 1892 was a demonstration of what can be achieved when the 
principle of resonance is applied to  an electric circuit. 

You will now understand, why the British scientific public of that 
day was eagerly awaiting the lecture- The possibilities of the magnetic - 
wheel had become generally known and the electrical engineers and phy- 
sicists in the audience would have known that they were now going to be 
told what could be done by the electromagnetic pendulum. 



This brings me from the scientist, Tesla, to the building, the Royal 
Institution. in which he gave the lecture. That you may appreciate the 
situation, I sould like to say a few words about the setting that the Insti- 
tution provides. The audience is a highly intellectual one and the meetings 
are to  some extent social occasions as well as scientific ones. Evening 
dress is worn and a substantial number of ladies attend. The lecture room 
is small and the seats rise rather steeply, which lends an air of intimacy 
to the occasion. Punctuality is observed with almost religious scrupulous- 
ness. The audience have to be in their seats before the lecture begins 
and latecomers are not admitted. The lecturer, surrounded by the director 
and committee of the Institution, waits in a large ante-room from. which 
two doors give admission to the hall. On the stroke of the hour the lecturer 
enters through one of the doors, which is immediately closed behind him. 
He is not escorted as is usual elsewhere, by a chairman A s  soon as the 
lecturer has taken his place at the lecture table, the director enters 
through the other door, which is also immediately closed. He takes his seat 
a t  the side and there is no speech or introductory remark for the lecturer, 
who is expected to begin immediately. The lecture must last exactly one 
hour, not more and not less. It sometimes happens that a lecturer comes 
to the end of his manuscript a little too soon and then he is expected to 
improvise until the hour is up. At the end there is no vote of thanks. On 
the stroke of the hour the lecturer retires, this time escorted by the 
director. 

The reason the lecturer's solitary entry while the director stays 
behind is historical. During the days when the great Faraday was the 
director, Wheatstone was once advertised to give a lecture. He was well 
known to every student of electrical engineering, if only because of the 
Wheatstone bridge, and he was already famous. But that did not save him 
from stage-fright. Faraday incautiously went into the lecture room first, 
expecting to be followed by Wheatstone; but when he looked round 
Wheatstone was not to be found. Indeed he had escaped into the street, 
and Faraday had to  improvise a lecture on the spot so that the audience 
should not be disappointed. In order that such an unfortunate incident 
should not occur again. Faraday decided that all future lecturers should 
be safely seen into the lecture room by the director before he, himself, 
entered. 

I should like you to see in your imagination the setting in which Tesla 
presented himself on that Thursday, the 4th February, 1892, when a spe- 
cial meeting had been arranged and a gathering drawn from London's 
leading intellectuals were waiting to  see in the flesh a mon of whom they 
had already heard much. The lecture table is covered with strange pieces 
of experimental apparatus of a kind never seen before, and such as might 
in themselves arouse expectation of something unusual. Tesla enters 
swiftly and alone through that door a t  the back of the hall and advances 
to the lecture table; he is a tall, alert, strikingly handsome man 

Then, as now, a Royal Institution audience included persons who, 
while of keen intellect, have but a limited scientific knowledge - the. type 
who are fascinated by talk and experiment beyond their comprehension. 
But most of the audience on this occasion understand fully what they are 
being told and ar;e stimulated thereby to independent intellectual effort. 
It is so with most audiences at scientific lecturers; there are those who 
respond with the gaping mouth and others who respond with the knitted 
brow. The latter will have been conversant by that time with the main - 
features of the work that was to be shown, for they will have read Tesla's ' 

papers, perhaps even perused his patent specifications, and will have 



heard at least at  second-hand what he had been achieving. Nevertheless, 
they will have gained much from the lecture. 

It  is simply not true that mind can communicate with mind just as 
effectively through the medium of the written word as of the spoken 
word. The dramatic' effect of a personal appearance by special invitation 
and before a smart well-informed and alert audience does contribute to 
one's appreciation of a man's contribution to science; and it does help 
one to remember details that would be forgotten after the mere perusal 
of printed papers. It is particularly so when the occasion is stage-managed 
as at the Royal Institution. 

On that occasion Tesla satisfied both components of the audience in 
full measure. For those who like to  marvel at  wonders of science above 
their comprehension, he produced electric sparks of enormous length; 
he covered an area of more than one metre square with colourful strea- 
mers; he obtained a brilliant corona charge of conical form between 
a circular wire and a sphere; he showed how a luminous sheet of electric 
discharge could be produced between two concentric circles of wire; he 
demonstrated streamer discharges over plates made of rubber and glass; 
he attracted white, phanton-like streamers towards the out-stretched 
fingers of his awn hands and explained that this did not produce any 
sensation cr physiological effect whatever; he produced a luminous 
discharge of beautiful appearance in an evacuated glass bulb and foreshs- 
dowed thereby one of the commonest of our modern forms of electric 
lighting; he showed that a fan connected to  a source of high frequency 
A. C. spins if the dielectric is thicker on one side than on the other and 
does not spin with D. C.; he pointed to  the resemblance t o  the Aurora 
Borealis of the effects produced by his experiments; he lit up a lamp by 
merely connecting its terminals a few inches apart along a copper bar 
fed very high frequency current and established thereby the presence of 
standing waves in the bar; he emphasised the analogy between such 
standing waves and those produced in a violin string on which harmonics 
are being played. Thsre was certainly p!enty of material to  strike the 
imagination- 

But there was more in that lecture for the serious scientist. To many 
in that audience electromagnetic rescnance would have become known by 
that time, but it might have been thought of more as something expres- 
sible in an algebraic formula than a s  a dynamic reality capable of leading 
t o  the most varied, novel and sensational phenomena. 

Other significant advances made by Tesla must have made their full 
impact on many of those who were present for the first time during that 
lecture. It  will have been new to  them that a spark used as a source of 
high-frequency can serve so many uses when it initiates an oscillation 
in a tuned circuit. They must have been greatly impressed by the simple 
and effective device of a blower for the extinction of the spark, and they 
must have been fascinated by the reason for the extinction, namely the 
reduction of the damping effect of the circuit. To those who are in the 
habit of making experiments Tesla's ingenuity in finding just the best 
solution cf a difficulty must have made a great impression when it was 
demonstrated in a lecture. 

Tesla's use of oil as an insulator again must have stimulated much 
thought. Now we are so familiar with oil in electric apparatus that we 
think little about it, but at that time Tesla had produced higher voltages 
than anyone else. The problem of finding a means of restraining the 
electric charge t o  the conductors might well have seemed an insoluble 
one to those fw whom dielecrics were either air or solids like glass and 
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rubber. It  was only an experimental genius such as Tesla, who would 
appreciate the full value of a liquid dielectric and use it in the way 
that he dld. 
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CARL C. CHAMBERS 

THE SIGNIFICANCE OF TESLA'S POWER SYSTEM 
ITS IMPORTANCE IN THE SUCCESS OF THE FIRST NIAGARA 

POWER PLANT* 

Inventors are honored from time to  time but none like Tesla. In ge- 
neral, the h m r e d  inventor was in large measure a promoter of one or 
more of his enterprises. For instance, we honor Alexander Graham Bell 
for the invention of the telephone when as a matter of fact his invention 
was a minor one, his great contribution being the promotion and organi- 
zation of the great telephone system. We honor Sarnwl F. B. Morse as 
the inventor of the electrical telegraph, but in fact his great contribution 
was the promotion of the telegraph system. 

Tesla, on the other hand, individually and by himself invented, redu- 
ced to  practice, and analyzed not only the polyphase system, but also all 
of the basic components involved. He invented the generator, the trans- 
former, the transmission system and the motors. That these individual 
inventions uniformly withstood the contentions of the many legal actions 
with regard to prior invention, shows significantly that Tesla was well in 
advance of the technology of his time. Tesla did not commercially pmmote 
these inventions. George Westinghouse was the promoter. Tesla is recog- 
nized as the inventor. This unique characteristic of the basis for honoring 
Tesla emphasizes the magnitude of the importance of his inventions. 

In particular, I will speak on the significance d his contributions to 
the Niagara Falls Project. To give perspective to these contributions, I will 
paint a picture of the situation which existed in the field of the utilization 
of power at the time when consideration was being given to the harnes- 
sing of the tremendous natural power available in the Niagara Falls. Some 
attractive progress had been made not only in the substitution of mecha- 
nical power for the sweat of man's brow, but also in the few years before 
embarking upon this project, it had become evident that through the use 
of electricity and the necessary interconnections, homes and factories 
could be lighted; and motors, fed by wires, could produce mechanical 
power where one wanted it. Although mechanical power from electric 
motors could be operated much farther from the steam plant or the water - 
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wheel than had been previously possible, reasonable power was still 
impractical farther than a few thousand feet from the generating plant. 
Thus, many relatively small steam generating plants were located in the 
cities, and electricity had already extended the utility of the steam 
engine of Watt and the water wheels in the streams beyond the limi- 

- tations of rotating shafts and gear trains to  a new limitation of a few 
thousand feet of copper wire. This was giving new vitality to  the progress 
which was replacing muscular power by mechanical power, to  pull trains, 
and to  operate machinery. The industrial revolution was on the verge of 
becoming a reality with its concomitant social readjustments and the 
radical changes in the way of life with the freedom of man from his long- 
standing requirement to toil. 

Any source of power either natural or man-made which was greater 
than that which was wanted or could be used within this limit of a few 
thousand feet, was useless. Large central power stations whether steam 
or hydraulic were inappropriate. Prior t o  the consideration of the use of 
the Tesla system far the Niagara Project, the proposals for the use of 
the power available consisted of water canals unloading small parts of 
the power at various points along their routes for use in that immediate 
area. This would have required the mwing of the users of the power to 
the appropriate points along the canals. Thus the user would have been 
moved to  the source of power rather than the delivery of the power to  
the place needed. Even the best world-wide experts enlisted through the 
efforts of the Niagara Power Commission were unable t o  materially 
improve upon this situation. In this background, i t  is likely that the project 
would have been abandoned without the Tesla system. 

As a result of the operation of the Niagara Power Cornission many 
systems for the development were recommended. Some recommended the 
use of water pressure ar compressed air. Of the electrical p r o p a l s ,  most 
of the experts recommended direct current systems. Studies and debates 
were the order of the day. In spite of the uneconomical limitation of distance 
inherent in the mechanical systems, these had many proponents who con- 
tended that the l i k e l i h d  of failure of the unproven electrical systems 
made the risk too great. Two prominent experts, Lord Kelvin and Thomas 
Edison, believed that electricity was the most promising means, but were 
adamant in their contention that a direct current system was the only pos- 
sible one. Although he could not provide the industrial oranization or the 
necessary patents, Professor Forbes proposed the system which Tesla 
had described a t  the May 1888 meeting of the American Institute of 
Electrical Engineers. 

It must bearemembered that the thriving city of Buffalo, New York, 
on the shore of Lake Erie some 18 miles away, was as important con- 
sideration in the utilization of the energy from Niagara Falls. Nbne of 
the mechanical systems could by any stretch of the imagination provide 
p w e r  at such a distance. The direct current electrical system in which 
generators were connected in series and corresponding motors in Buf- 
falo were likewise connected in series, was a possible system. However, 
the insulation problems and the undesirable requirements in Buffalo led 
to the conclusion that steam plants in Buffalo would be more econo- 
mical. Professor Forbes' proposal of the Tesla system was eliminated 
from consideration by the Commission because of its lack of industrial 
backing. 

The Niagara Falls Commission concluded that n~ proposed system 
was suitable for the development of the power of Niagara. That was the 
background into which George Westinghouse presented his proposal to  



use Tesla's system to harness the Niagara Falls. The Niagara Falls Project 
had been all but abandoned. 

Even the proposed using of the Tesla system was fraught with many 
problems. The earlier experience with small water wheels at  low heads 
and small genera tm was of doubtful use in designing the apparatus 
necessary for a project of this magnitude. Water wheels as large as 500 

--horsepower were few in number, while there were only same three or 
four of 1,000 horsepower, none of which were designed t o  meet head 
requirements such as those at Niagara. In this project, the goal was 
200,000 horsepower, some 200 times larger than any previous insta!lation. 
Even the most visionary proponents of the Niagara Power Pldnt were 
unwilling t o  make in one step an extrapolation of this degree from 
previous experience. Consequently, in campromise they undertook a first 
step of 15,000 horsepower made up of three machines of 5,000 horsepower 
each. Thus the machines were designed using extrapolations from pre- 
vious experience of ten and more, depending upon the particular feature. 
But more significant was the assembly of 15,000 horses at one point. 
It  was the birth of the central power station. 

It is truly a tribute to the vision of Tesla as evidenced by his system, 
which was unique in making possible such a tremendous step in progress. 
Its value and assured success was so clear that an industrialist such as  
George Westinghouse staked his reputation, and a hard-boiled banker 
like J. P. Morgan invested his hard cash in this enterprise, one that the 
world's experts had judged to  be uneconomical only two years earlier. 

The Tesla system of polyphase generation, transmission, distribution, 
and utilization in providing mechanical pcrwer where it is wanted, was not 
only basic to the development of the first Central Power Station at Niagara 
Falls but now, nearly seventy years later, the same system is used in 
every Central Power Station. No other electrical engineering system 
competes with Tesla's in this respect. It compares with the combination 
of the invention of the wheel and the four-wheeled vehicle. Had one 
inventor been responsible for both of these inventions, he would have 
been eligible to  compete with Tesla for right to the title of the greatest 
inventor of all time. 

In my discussion, I have spoken of Tesla's polyphase system as one 
inventicm; Tesla himself thought of it that way. However. his application 
for a single patent treating the various features as phases of one inven- 
tion, was rejected by the United States Patent Office. Instead, seven 
patents were required. Since the Patent Office generally frowns on mul- 
tiple patents, this insistence upon multiple patents on their part shows 
the unusual breadth of coverage of Tesla's inventions. 

Except for his patent applications and their subsequent issue, his 
first public presentation of his polyphase system was made on May 16, 
1888 in a lecture with demonstrations to the American Institute of Elv- 
trical Engineers in New York City. In this lecture, Tesla presented the 
complete theory and application of polyphase alternating current to  power 
engineering, and initiated an entirely new concept in the distribution 
and utilization of energy. For the first time large central power stations 
were possible. I t  is enlightening to examine the tremendous effect which 
this contribution has made on the progress of the world. This system of 
electric power provided the means to develop highly efficient central 
power plants located a t  the source of the power. In its absence, there 
would have been many small relatively inefficient plants serving their 
immediate localities. All villages and small groups of farms would have 
had to  have their own generating plants, instead of being connected by 



the high voltage lines to  a central system. No other system has sup- 
planted Tesla's polyphase system in seventy years. This record itself de- 
monstrates the greatness of Tesla. 

Tesla's lecture was not only outstanding for its content marking such 
a significant milestone in human progress, but also was acclaimed for 
its clarity and cmpletness. The logic connecting the experimental obser- 
vations - both his own and those of others - was made clear to  his 
audience. The demonstrations were admirably chosen t o  exemplify and 
t o  drive hame the new concepts. The listeners left the lecture hall with 
thorough understanding of this new accomplishment. Time after time, 
those in that audience have told of the effect of that lecture on them. 

As an educator. wanting my students to  develop t o  their maximum 
capacity, I am most interested in examining his educational experience. 
What studies or experience contributed to the development of this out- 
standing genius? His consuming desire to  become a n  engineer led to  his 
mastery of electrical science. However, I suspect that his dissatisfaction 
with the commutator sparking of the Gramme motor when it was demon- 
strated in the Polytechnic Institute in Gratz, was the germ which grew 
and multiplied into the polyphase system. The negative attitude of his 
professor produced a challenge t o  Tesla. Generally, teachers try to  be 
encouraging in such circumstances. This example of the success in 
creating a challenge to  Tesla through what is generally recognized as  a 
bad teaching technique, raises the profound question of what is good 
education. The progress of the world is so heavily depended upon the 
development of the Teslas that the slightest progress in improving their 
education would be of inestimable value. The educational system which 
produced Tesla must be proud of this tremendous success. 



K M. SWEZEY 

NIKOLA TESLA 
PATHFINDER OF THE ELECTRICAL AGE* 

Most engineers associate the name Tesla with the "Tesla coil", so 
popular for high-voltage demonstrations in the school laboratqry. Few, 
however. know this strange, lonely genius as the inventive giant who not 
only laid much of the groundwork for radio, induction heating, and 
gaseous-tube lighting. but also invented the induction motor and the whole 
polyphase system which is the foundation of the modem electric power 
industry. 

Next month, the American Institute of Electrical Engineers will 
dedicate its Fall General Meeting in Chicago, Ill.. to  the 100th Anniversary 
of the birth of Nikola Tesla - late Vice-President, Fellow, and Edison Me- 
dalist of the AIEE, strange and prolific genius - one of the greatest 
electrical inventors of all time. 

This will be a memorial, long overdue, for the practical and prodigal 
dreamer who gave the world - besides basic discoveries in radio, electro- 
therapeutics, high-frequency induction heating, gaseous tube and fluores- 
cent lighting, and wireless control of vessels and torpedqes - the 
foundations for its whole modem electric power industry. 

Back in 1895. Tesla's revolutionary induction motor and polyphase 
system for the generation and transmission of electric energy made pos- 
sible the first large-scale harnessing of Niagara Falls. Today, practically 
all the electricity in the world - more than 1,000 billion kWhr last year 
- is generated, transmitted, and turned back into mechanical power by 
means of Tesla's motor and system As proof that the Tesla system is as 
vital t o  the future Atomic Age as it was in helping to create the present 
age of electric power, the new General Electric power station a t  West 
Mi!ton, N. Y., pours the same kind of Tesla polyphase electricity into the 
same Niagara-Mohawk network as the Niagara (N. Y.) plant of 1895, which 
is still going strong. 

The story of how Tesla's polyphase inventions - first demonstrated 
dramatically at Niagara - transformed an era of local electric lighting 
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to  the new age of electric light and power everywhere, and how this 
universal availability of electricity has in turn changed the life, industry, 
and economy of the world, is an epic of engineering that has yet to be 
completely told. 

A BRUSHLESS MOTOR 

In 1877, Tesla, then 21, had begun t o  study engineering a t  the Poly- 
technic School in Gratz, Austria. A Gramme dynamo had just been 
received from Paris and Professor Poeschl was running it before the 
class as a motor. Noticing that the brushes sparked badly, Tesla wondered 
out loud whether a motor could not be designed without brushes. Poeschl 
exploded. Would this young marvel convert a steadily pulling force, like 
that of gravity, into a rotary effort? It was another impossible scheme! 

But Tesla had more faith in his own instincts than in his teacher's 
knowledge, and for the next five years mentally designed and operated 
various types of d-c and a-c machines. In 1880, he transferred to  the 
University of Prague and the following year he took a position with the 
newly formed telephone company in Budapest, Hungary. 

One afternmn in 1882, the solution to  his "impossible" motor 
flashed through his brain. Tesla saw clearly a bruschless, commutatorless 
rotor spinning in an electric whirlwind. a rotating magnetic field produced 
by two alternating currents out of step with each other. Picking up a stick, 
Tesla drew diagrams on the sand - diagrams for the induction motor he 
was to  present before the AIEE six years later. 

Tesla came to  New York in 1884 with four cents in his pocket. a 
headful of ideas for developing his brainchild, and a contract to  redesign 
d-c motors for Thomas Edison. Completing this job, Tesla left Edison to 
work on his own. At first, finding no backing for his radical plans, he was 
forced to  earn a living by digging ditches. By 1887, however, he had 
formed the Tesla Electric Company and had built models of his brushless 
motor which compared favorably with the best d-c machines of the day. 

On May 1, 1888. Tesla was granted basic patents on his motor and 
on the associated method of transmitting power by polyphase currents. 
Two weeks later he delivered his classic lecture, "A New System of 
Alternate Current Motors and Transformers", before the AIEE. 

When, in 1917, the AIEE presented the Edison Medal to  Tesla for 
these inventions, Dr. B. A. Behrend commented on this lecture: "Not 
since the appearance of Faraday's 'Experimental Researches in Electri- 
city' has a great experimental truth been voiced so simply and so clearly 
as this destription of Mr. Tesla's discovery of the generation and utili- 
zation of polyphase alternating currents. He left nothing to  be done by 
those who followed him. His paper contained the skeleton even of the 
mathematical theory". 

WESTINGHOUSE BUYS TESLA' S PATENTS 

Tesla's motor arrived a t  the height of the "battle of the currents and 
the systems". In 1888, there were operating in the United States several 
score of electrical ,,systems", each designed for a special use and usually 
named for a promoter or inventor. The fight between the advocates of 
direct current and alternating current was also under full sway. 

Edison's low-voltage direct current had become popular for local 
lighting in big cities and was running a few small motors in printing plants 
and factories. Because direct current could not be transmitted economi- 4 

tally more than about half a mile, however, d-c stations had to  remain 
small and practicallv in a customer's backyard. Alternating current. 



however, could be generated in large bulk and transmitted many miles. 
but there was no practical a-c motor. 

To George Westinghouse, who had founded the Westinghcuse Electric 
Company two years before and already was America's foremost champion 
of alternating current, Tesla's motor seemed the missing key to  a-c 
supremacy. By the end of July, Westing-house had acquired rights t o  the 
polyphase patents and to  Tesla's services. 

The Tesla polyphase motor, however, proved to  contain all the 
headaches and heartaches of an invention ahead of its time. In the first 
place, it was not an isolated device that would run by hitching it t o  an 
existing a-c line. It was part of a whole new method for the generation, 
transmission, and utilization of power. To sell the motor, Westinghouse 
would first have the jcb of selling Tesla's radical new system. 

THE SPLIT -PHASE MOTOR 

To help out in the meantime, Tesla invented the split-phase motor, an 
ingenious adaptation that made one phase do the work of two. Even 
this motor would not work well on the 133-cycle current then in use. 
After long and costly experimentation. Westinghouse engineers finally 
decided to  change the central station frequency to  suit the motor. The 
frequency settled on was 60 cycles, the one now standard for general use. 

Westinghouse's big chance to  introduce the polyphase system came 
in 1892 when he was awarded the contract t o  light the Chicago World's 
Fair of 1893. For this job he improvised twelve 1,000-hp 2-phase gene- 
rators from twenty-four 500-hp single-phase generators (the largest then 
'in existence) coupled in pairs. As an extra attraction, he exhibited the 
first complete polyphase system ever assembled. In this, current from 
a 2-phase generator was stepped up by a transformer, sent over a tran- 
smission line, stepped down again by transformers, used as 2-phase cur- 
rent t o  run induction and synchronous motors, and as single phase t o  
light lamps and run split-phase motors. To show the complete adaptability 
of the system, a rotary converter changed polyphase alternating current 
into direct current for running a railway motor. 

POLYPHASE SYSTEM HARNESSES NIAGARA 

This exhibit so  impressed the engineering and scientific advisers of 
the Niagara Falls Power Company, which had been trying for years t o  
find a satisfactory means to  harness 100,000 hp of Niagara's power, that 
- against the advice of such authorities as Edison and Lord Kelvin - 
they decided to  adopt the Tesla system on the spot. 

In 1895, the first two 5,000-hp Tesla-Westinghouse polyphase gene- 
rators began turning at  Niagara. In 1896. a 22-mile line erected by J. G. 
White and equipped with transformers and rotary converters by the Ge- 
neral Electric Company, carried Niagara power i o  rlln street cars and 
operate lights in Buffalo. 

The success of Niagara was immediate and contagious. Seven more 
5,000-hp generators were ordered from Westinghouse t o  complete Power 
House No. 1, and the General Electric Company (which was permitted t o  
use the Tesla patents by a cross-licensing arrangement made with Westing- 
house in 1896) was given a contract t o  make 11 similar generators for ; 
Power House No. 2. By the time the plant had been completed in 1903, 
practically all other big generating stations in the United States either had 
adopted the Tesla system or were about t o  change to  it. 



FIRST PLANT FOR INDUSTRIAL POWER 

Before Niagara, electric plants were designed primarily for lighting; 
the use of electricity for motors and heating was incidental. The Niagara 
plant was the first big station in the world planned primarily to  deliver 
industrial power. Besides taking the place of steam engines in factories, 
this new power, provided in previously unheard-of quantities. made pos- 
sible the commercial electric furnace and inaugurated a giant electro- 
chemical industry. 

Fig. 1 
N1KOI.A TESLA, I N  HIS SIXTIES. IS SHOWE: ADJUSTING A RADIO DEVICE IN HIS NEW- 
YORK LABORATORY. THE PICTURE ON THE WALL I S  OF A N  ELECTROMECHANICAL 

OSCILLATOR WHICH WAS BU'ILT BY TEsLA IN THE 1890's. 

The first customer of Niagara power was the Pittsburgh Reduction 
Company, now the Aluminium Company d America. Cheap Nigara power 
helped turn this now indispensable metal from an expensive novelty into 
a commercial success. With an electric furnace operated by a stearndriven 
generator, Dr. E. G. Acheson had made a commercial failure of carborun- 
dum. As Niagara's second customer, he was enabled to found a giant 
artificial abrasives industry. Calcium carbide for acetylene; calcium 
cyanamide for nitric acid, explosives, and fertilizer; artificial graphite for 
motor brushes. furnace electrodes, battery carbons, lubrication; fer- 
rosilicon, ferrochromium, ferrotitanium, for machinery, dies, armor-; 
chlorine, phosphorus, caustics, ammonia, and so on - all these were born 
with the aid of Niagara power or made more cheaply because of it. 



POLYPHASE PATENTS PROVED INVULNERABLE 

Like all successful inventions, the polyphase system and motor 
became involved in long and costly litigation. The biggest companies and 
the best brains in electrical engineering took sides in defending and 
fighting a series of inventions which covered all generation and use of 
polyphase power in the United States. To the astonishment and dismay 
of engineers who had regarded Tesla as an impractical genius, the poly- 
phase patents turned out to be not only the most fundamental but also 
the most concrete patents in the industry. They were never broken Ori- 
ginally nearly sending the .Westinghouse Electric Company into ban- 
kruptcy, these patents soon became the foundation for its later greatness. 

NEW FIELDS TO CONQUER 

With characteristic indifference to the commercial development of 
his ideas, Tesla left his polyphase system for others to  introduce and 
plunged on to  new frontiers of science. Before the turn of the century, 
he had made substantial contributions t o  practically every branch of 
electricity. 

Several years before the very first experiments of Marconi, Tesla 
developed high-frequency alternators and his famous "Tesla coil" for 
producing high voltages, a device which remains today in one form or 
other in every radio and television set. He then went on to invent and 
build rotary and series spark gaps, oil-insulated transformers and capa- 
citors, mica capacitors impregnated with wax under a vacuum, stranded 
conductors of separately insulated wires (later called "Litzendraht"), arcs 
for producing continuous waves, choke coils, apparatus for selective tuning 
by means of a complex of several waves, and a "ticker" for receiving 
continuous waves. 

Before 1897, Tesla had developed a number of wirelessly controlled 
mechanisms, and in that year built several boats that were started, stop- 
ped, steered, and otherwise operated by radio. He demonstrated these 
widely in New York in 1898, and before the Commercial Club in Chicago 
in 1899. This work, with what Tesla called "telautomatics", was the begin- 
ning of the concept which has led to  today's array of wirelessly guided 
weapons. 

WIRELESS LIGHTS AND RADIO BROADCASTING 

During the early 1890's, Tesla devised all kinds of wirelessly lit 
vacuum and gas-filled tubes. He increased the brilliance of some by using 
uranium glass or coating them with phosphors, thus creating pioneer 
fluorescent tubes. He bent many to  suit the requirements of the room 
they were to  light, and others to  form words or names. as in m d e r n  
display lighting. Tesla displayed some of his neon-type tubes in his per- 
sonal exhibit at  the 1893 Wor1d.s Fair. 

Among other achievements, he devised a turbine with smooth paral- 
lel blades and synchronous electric clocks which he hoped some day to  
power as well as synchronize by radio. He also attempted to  transmit 
power wirelessly by disturbing the electrical charge of the earth. Before 
Marconi had flashed his famous "S" across the Atlantic, Tesla talked of 
a "World Wireless'' system which not only would send messages, but also 
would connect all the telephone exchanges and stock tickers on the globe, 
send facsimiles of photos, checks, and records, and inaugurate a system 
of world printing. At the turn of the century, he gave a detailed description 
of the radio broadcasting that blossomed forth several decades later. 



INSPIRATION TO OTHER PIONEERS 

Besides his personal accomplishments and the countless fertile ideas 
which he scattered for others to harvest. Tesla's l e c t u r ~  and writings 
inspired many others into the new fields of radio and electrical 
engineering. 

While a student at Yale, Dr. Lee De Forest began reading Tesla's 
writings. He wrote in his diary: "His (Tesla's) works are the greatest 
exciters to zealous work and study.. . To read those chapters on the 
higher vibratory forms. the intimate connection between light energy and 

Fig. 2 
INTERIOR OF POWER HOUSE NO. 1 OF THE MAGARA FALLS POWER COMPANY. AT 
THE TURN OF THE CENTURY, THE ELECTRICAL WONDER OF THE WORLD. INSTALLED 
IN 'JXE YEARS W M ,  THE TlW 5000-XW GENERATORS SHOWN HERE AEUZ STILL IN 

OPERATION. 

electricity.. . fires me with ambition to emulate . . . It would make a genius 
of any man whose soul is not of clay". In his autobiography, De Forest 
states further that this inspiration gave him the first clear intimation of 
the fascinating field of research that was later to frame his life. 

Gano Dunn assisted Tesla at his historic lecture before the AIEE at 
Columbia University, May 20, 1891, "Experiments with Alternate Currents 
of Very High Frequency and Their Application to Methods of Artificial 
Illumination". Attendance at this lecture included a veritable "Who's 
Who" of electrical pioneers: Prof. W. A. Anthony, H. Ward Leonard, 
E W. Rice, Jr., Frank J. Sprague, William Stanley, Elihu Thomson, Edward, 
Weston, Schuyler S. Wheeler. J. G. White. E. A. Sperry, and Prof. George 



Forbes. This contact, wrote Dunn to Tesla 40 years later, "left an indelible 
impression and an inspiration which has influenced my life". 

Dr. Robert Millikan, Prof. John B. Whitehead, Major Edwin Armstrong, 
Dr. E. F. Northrup, Count von Arco, Andre Blondel, Jonathan Zenneck. 
D. McFarlan Moore, Charles F. Scott, are among others who have publicly 
acknowledged a similar debt. 

Thomas C. Martin's book, "Inventions, Researches and Writings of 
Nikola Tesla", published in 1894, was often the main source of stimulation. 
Of this, Armstrong wrote a t  the time of Tesla's death in 1943, " . . . one 
can imagine the inspirational effect of the book forty years ago on a boy 
about to study the electrical art. Its effects were profound and d~cisive". 
In 1894, Moore - who later developed one of the earliest practical tube 
lights, the Moore Light - told T. C. Martin that this book would still be 
a classic a hundred years hence. 

In 1931, when Tesla was turning 75, i t  was my privilege to collect 
letters of birthday greetings from pioneers in radio and electrical engi- 
neering from all over the world. Dr. B. A. Behrend and Prof. Charles 
F. Scott were cosponsors of this little gesture of affection and esteem, 
and 14 past presidents and more than 50 members of the AIEE took part. 

Fig 3 

NIKOLA TESLA I.ECTURING BEFORE THE AIEE AT COLUMBIA UNIVERSITY, MAY 20, 1891. 

a Many of the letters gave further evidence of the role of Tesla's bril- 
liant pioneering efforts in inspiring the later practical developments of 
others. Dr. Northrup told how, as a boy in 1893, he was thrilled by a Tesla 
demonstration at the Franklin Institute, and how in 1916, when he was 



searching for a new method for melting metal electrically, he had turned 
back to Tesla's ideas. Using these ideas, Northrup developed his high- 
frequency induction furnace. 

Prof. Andre Blcndel wrote from Paris: "In 1892 I had the pleasure 
of assisting at  the public demonstration you gave to the Socibt6 Francaise 
des Electriciens which united about you all the notables of French science 
and electrical engineering.. . From this demonstration and from your 
remarkable publications preceding it there was born the development of 
high frequency currents in various fields and particularly the medical 
field thanks to the beautiful researches of Prof. d'ArsonvalU. 

John Hays Hammond, Jr., while still a student at  Yale. knew Tesla 
and was inspired by Tesla's wirelessly controlled boat. Later, Hammond 
established a research organization in which he spent more than 20 years 
creating and developing radio-controlled devices for ships, airplanes, and 
missiles - many of which are incorporated in guided missiles of today. 
Hammond spcke of Tesla as "the poet of science of our generation". 

SHARED FAME WITH EDISON 

At the turn of the century, Tesla and Edison were, without doubt, 
the most famous electrical men in the world. Of the two, opinion was 
sharply divided as to which was the greater. In 1894, in the New York 
World, Arthur Brisbane wrote about Tesla's "wonderful discoveries" 
under the headlines: "Our Foremost Electrician - Greater Even than 
Edison". In 1895, Charles A. Dana wrote editorially in the Sun: "It is not 
in any degree an exaggeration to say that the men living a t  this time who 
are more important t o  the human race than this young gentleman can be 
counted on the fingers of one hand; perhaps on the thumb of one hand". 

Tesla's personal lecture-demonstrations - which he gave before the 
AIEE, the Franklin Institute, the National Electric Light Association, 
the Royal Institution. the Institution of Electrical Engineers in 
London, and so on - were world renowned. After his lectures in 
England and France, in 1892, the Electrical World spoke of "the laurels 
still fresh that were accorded him by the savants abroad, the equal of 
which have been accorded to  no one before while living". His lecture 
before the National Electric Light Association in St. Louis, in 1893, had to 
be moved from the regular meeting place of the association to the Grand 
Music Hall, seating 5,000. Complimentary tickets were sold at  $4 and 
$5 each; 4.000 programs, containing biographical sketches of Tesla, were 
sold on the streets. 

In Europe. Tesla's fame has never diminished. Celebrations of Tesla 
anniversaries have been held in England, France, Germany, Austria, and 
Yugoslavia Several books about his achievements have been published in 
German. Yugoslavia, the land of his birth, has established a Tesla Institute 
for Scientific research and a Tesla Museum in which is housed all his 
personal papers and other belongings. 

After Tesla's death. the British Institution of Electrical Engineers 
arranged a memorial lecture at which Dr. A. P. M. Fleming recreated some 
of Tesla's classic demonstrations. At the end, Dr. W. H. Eccles, himself 
a noted engineering pioneer, said he "had been driven to the conclusion 
that Tesla was the greatest electrical inventor we have had on our role 
of membership; in fact we might go so far as to  say that he was the 
greatest inventor in the realm of electrical enqineering". - 

Commemorations by the AIEE, the Institute of Radio Engineers, uni- 
versities, the press, radio, and television are this year expressing some 



of the gratitude and esteem of America, the country Tesla officially 
adopted in 1891 and in which he lived to do. all his great work. 

Dr. E. F. W. Alexanderson, one of the most noted pioneers in electric 
power engineering still with us, wrote me a year ago: "We think of Tesla's 
contribution much oftener than that of Ampere and Ohm, although their 
names have become part of the language.. . the induction motor and our 
power system are enduring monuments to Nikola Tesla". 

A s  this is being written, word comes that Tesla's name has just been 
added to  those of Ohm and Ampere. At its meeting in Munich, June 29 - 
July 7, the International Electrotechnical Commission agreed formally to  
adopt the name "Tesla" for the unit of magnetic flux density in the MKS 
or Giorgi system. 



E. J. HOLMGREN 

NIKOLA TESLA (1856-1943)* 

To-day, with scientific research conducted by teams rather than 
individual workes, the  lone research worker who in flashes of genius 
ventured into the uncharted regions of science belongs to the past. One of 
the most remarkable, if not the most audacious, of these men was Nikola 
Tesla, many of whose ideas are now commonplace. 

Tesla was born a century ago at Smiljan, Li, in Yugoslavia. He 
received his earlier education there, at  the neighbouring town of Gospic 
and a t  Karlovac in Croatia, and it is said of him that even a t  this time he 
displayed unusual abilities in mathematics and science. In 1875 he entered 
the Polytechnic a t  Graz, graduating in 1878 and proceedinq to the Uni- 
versity of Prague for graduate work, which he completed a year later. 

A t  this time Tesla's attention was attracted by the invention of the 
telephone by Bell a few years earlier, and hearing of an exchange being 
built at  Budapest, he proceeded to that city, and when the exchange was 
completed he was placed in charge of it and had soon patented a tele- 
phone repeater for use there. From Budapest, Tesla went to Paris and 
thence he emigrated to the United States - a step that was to lead to  
his greatest single achievement. For a time he worked with Thomas 
A. Edison in the latter's New York laboratory, designing electric machi- 
nery; but a s  Edison favoured direct current for all electrical applications 
and Tesla favoured his new theory of alternating current, the differences 
created forced Tesla to  leave and proceed to Pittsburgh, where he received 
an offer from George Westinghouse, who as  a rival of Edison was inte- 
rested in the possibility of alternating curent. 

I t  was here that Tesla's theory of alternating current became reality. 
The principle of alternating current had been known for some time, but 
the problems of vibration and stallinq of motors had baffled all. Tesla 
neatly solved the problem by replacing the single circuit hitherto used 
by several circuits carrying the same frequency but out of step with each 
other; in this way smooth running was achieved as in a multi-cylinder 
engine. With improvements in the motor came the development of the 
alternating current generator and transformers. 
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Legal troubles over patents in this field forced Tesla to leave 
Pittsburgh and return to  New York, where he opened a private laboratory 
in which he carried out research in a variety of aspects of electrical 
fields, including generation of high-frequency currents, transmission of 
energy over single wires without return, methods of conversion, oscil- 
latory charges and mechanical vibration. He described an electrionic valve, 
but there the matter rested; i t  remained for Fleming and others to  bring 
this to  fruition. At cne time he publicly demonstrated the control of a 
ship by wireless, and visualized (more prophetically than he may have 
then realized) future wars being fought by robots; although he saw his 
ideas as a benefit to  mankind rather than for its destruction. At one stage 
he conducted a series of experiments in Colorado to prove the Earth a 
conductor, and about 1901 opened a laboratory on Long Island, where he 
conducted experiments into such phenomena as high-.frequency oscil- 
lations and radio waves and discovered what are now regarded as the 
fundamental laws of broadcasting, although he did not actively enter the 
field. The Long Island laboratory, however, closed in 1916 because of 
financial troubles. 

The only field outside electrical research in which Tesla actively 
engaged was in his development of a steam turbine; but as the ideas of. 
Curtis, de Lava1 and Parsons were by now firmly established, his idea 
never progressed beyond the prototype stage. However, like Parsons, Tesla 
visualized the gas turbine. 

Tesla's final years were largely given up to  theoretical research, much 
of which was never committed to paper. Financial difficulties forced him 
into retirement, and there can be little doubt that many secrets went 
with him to  his grave when he died in New York, early in 1943. 

In retrospect, Tesla presents an enigmatic figure, who made a sudden 
appearance on the scientific scene with one outstanding contribution to  
electrical engineering and then to put forth many ideas which seemed to 
lead nowhere. Undoubtedly his greatest contribution was his development 
of alternating current, with all its ramifications, as witnessed by the 
pioneer station at Niagara Falls in 1896 (although he played no part in it), 
and above all the availability of electricity generated economically. It was 
a crowning achievement in the astonishing development of electric power 
from iJs discovery by Faraday. But it is, after all, in his research in the 
realms of high-frequency current that his contribution remains baffling, 
for while he made what were later regarded as fundamental discoveries, 
he seldom brought any of them to  reality and in some cases published 
nothing on them. The failure to do this can possibly be attributed to the 
non-existence of the research laboratory as we know it, and to  the fact 
that the then infant electrical industry preferred to  consolidate its gains 
in the light of tried ideas rather than embark on anything new. Then the 
sensati~nal discoveries of Rontgen and of the Curies may have turned 
attention away from Tesla and his work. Finally, Tesla's habit of almost 
always working alone may have had not a little influence on his work 
going unnoticed, for he was no teacher and so never was attached to a 
university, where he would have gathered around him a circle of brilliant 
young men who could have carried on his ideas and brought many of 
them to fruition. 

International acclaim came to Tesla, particularly as a result of his - 
work on alternating current, and he was invited to  address learned 
societies both in the United States and Europe, among these being the 
Institution of Electrical Engineers in 1892. In 1893 he received the Elliott 



G. Cresscn Gold Medal of the Franklin Institute for criginal work p- esen- 
ted before the Institute. 

Although he left many of his ideas unpublished, Tesla was a prolific 
writer and a holder of many patents. Two of his books on high-frequency 
currents and on his other researches reveal his stature a s  a scientist, for 
here he describes complex phenomena that have only recently become to  
be understood. But if Tesla aspired higher than his era was prepared to  
accept, i t  must be stated that  he aspired in the finest sense, for as he 
said in London at  the Institution of Electrical Engineers in 1892, his aim 
was "to advance ideas which I am hopeful will serve as starting points 
for new departures". In this he was successful. 

Nikola Tesla may be likened to an explorer who reaches the summit 
of an unconquered peak and then waits for a support party to  consolidate 
his newly found gains. That done, he proceeds t o  survey the unmapped 
untrodden territory beyond and to  report on it; but those who follow 
must often spend much time wandering, often aimlessly, in these realms 
are they rediscover their secrets, often without recognition of the first 
discoverer. Perhaps these are the misfortunes of the idealist; yet the 
apparent idealist is he who often points the way for others, and therein 
is the secret of the noble aspirations and greatness of Tesla. 


