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"SPECTACULAR' is a mld word for describing the strange
experinment with life that conprises the story of Nikola
Tesla, and "anmazing" fails to do adequate justice to the
results that burst fromhis experiences |ike an expl odi ng
rocket. It is the story of the dazzling scintillations of a
supernman who created a new world; it is a story that
condemms woman as an anchor of the flesh which retards the
devel opment of man and |imts his acconplishnent--and,

par adoxi cal |y, proves that even the nobst successful life,

if it does not include a worman, is a dismal failure.

Even the gods of old, in the wldest imaginings of their
wor shi pers, never undertook such gigantic tasks of worl d-
wi de di mension as those which Tesla attenpted and
acconplished. On the basis of his hopes, his dreanms, and
hi s achievenents he rated the status of the O ynpi an gods,
and the G eeks would have so enshrined him Little is the
wonder that so-called practical nen, with their noses stuck
in profit-and-loss statenents, did not understand hi mand

t hought hi m strange.

The light of human progress is not a di mglowthat
gradual |y becomes nore lumnous with tinme. The panoranma of
human evolution is illum ned by sudden bursts of dazzling
brilliance in intellectual acconplishnments that throw their
beans far ahead to give us a glinpse of the distant future,
that we may nore correctly guide our wavering steps today.
Tesla, by virtue of the amazing di scoveries and inventions
whi ch he showered on the world, becones one of the nost
respl endent flashes that has ever brightened the scroll of
human advancenent.

Tesla created the nodern era; he was unquestionably one of
the world' s greatest geniuses, but he | eaves no offspring,
no |l egatees of his brilliant mnd, who mght aid in

adm ni stering that world; he created fortunes for

mul titudes of others but hinself died penniless, spurning
weal th that m ght be gained fromhis discoveries. Even as
he wal ked anobng the teeming mllions of New York he becane
a fabled individual who seenmed to belong to the far-distant



future or to have conme to us fromthe nystical real mof the
gods, for he seened to be an adm xture of a Jupiter or a
Thor who hurled the shafts of |ightning; an A ax who defied
t he Jovian bolts; a Prometheus who transnuted energy into
el ectricity to spread over the earth; an Aurora who woul d
light the skies as a terrestrial electric |anp; a Mazda who
created a sun in a tube; a Hercules who shook the earth

wi th his nechanical vibrators; a Mercury who bridged the
anbi ent real ns of space with his wirel ess waves--and a
Hermes who gave birth to an electrical soul in the earth
that set it pulsating frompole to pole.

This spark of intellectual incandescence, in the formof a
rare creative genius, shot like a nmeteor into the mdst of
human society in the |atter decades of the past century;
and he lived al nost until today. H s name becanme synonynous
wth magic in the intellectual, scientific, engineering and
social worlds, and he was recogni zed as an i nventor and

di scoverer of unrivaled greatness. He made the electric
current his slave. At a tine when electricity was

consi dered al nost an occult force, and was | ooked upon with
terror-stricken awe and respect, Tesla penetrated deeply
into its mysteries and performed so many marvel ous feats
with it that, to the world, he becane a nmaster magician
with an unlimted repertoire of scientific | egerdemain so
spectacul ar that it made the acconplishnments of nost of the
inventors of his day seem|li ke the work of toy-tinkers.

Tesla was an inventor, but he was nuch nore than a producer
of new devices: he was a di scoverer of new principles,
openi ng many new enpires of know edge whi ch even today have
been only partly explored. In a single mghty burst of
invention he created the world of power of today; he
brought into being our electrical power era, the rock-
bottom f oundati on on which the industrial system of the
entire world is builded; he gave us our nass-production
system for without his notors and currents it could not
exist; he created the race of robots, the electrical
nmechani cal nen that are replaci ng human | abor; he gave us
every essential of nodern radi o; he invented the radar
forty years before its use in Wrld War 11; he gave us our
nodern neon and ot her forms of gaseous-tube l|ighting; he
gave us our fluorescent lighting; he gave us the high-
frequency currents which are performng their electronic
wonder s t hroughout the industrial and nmedical worlds; he
gave us renote control by w reless; he hel ped give us Wrld
War |1, nuch against his will--for the m suse of his



super power system and his robot controls in industry nmade
it possible for politicians to have avail able a trenendous
surplus of power, production facilities, |abor and
materials, with which to indulge in the nost frightful
devastating war that the maniacal mnd could conceive. And
t hese discoveries are nerely the inventions nade by the
master m nd of Tesla which have thus far been utilized--
scores of others remain still unused.

Yet Tesla lived and | abored to bring peace to the world. He
dedicated his life to lifting the burdens fromthe

shoul ders of mankind; to bringing a new era of peace,

pl enty and happi ness to the human race. Seeing the com ng
of World War 11, inplenented and powered by his

di scoveries, he sought to prevent it; offered the world a
devi ce which he maintai ned would make any country, no
matter how small, safe within its borders--and his offer
was rejected.

More inportant by far, however, than all his stupendously

significant electrical discoveries is that suprene

i nvention--N kola Tesla the Supernman--the human instrunent
whi ch shoved the world forward with an accel erati ng | unge

like an airplane cast into the sky froma catapult. Tesla,
the scientist and inventor, was hinself an invention, just
as much as was his alternating-current systemthat put the
worl d on a superpower basis.

Tesl a was a superman, a self-mde supernman, invented and
desi gned specifically to performwonders; and he achi eved
themin a volune far beyond the capacity of the world to
absorb. His life he designed on engineering principles to
enable himto serve as an automaton, w th utnost
efficiency, for the discovery and application of the forces
of Nature to human welfare. To this end he sacrificed |ove
and pl easure, seeking satisfaction only in his
acconpl i shnments, and limting his body solely to serving as
a tool of his technically creative m nd.

Wth our nodern craze for division of |abor and

speci alization of effort to gain efficiency of production
in our industrial nmachine, one hesitates to think of a
future in which Tesla's invention of the superman m ght be
applied to the entire human race, with specialization
designed for every individual frombirth.



The superman that Tesla designed was a scientific saint.
The inventions that this scientific martyr produced were
desi gned for the peace, happiness and security of the human
race, but they have been applied to create scarcity,
depressi ons and devastating war. Suppose the superman

i nvention were al so devel oped and prostituted to the

pur poses of war-nongering politicians? Tesla glinpsed the
possibilities and suggested the conmunity Iife of the bee
as a threat to our social structure unless the elenents of
i ndi vidual and conmunity lives are properly directed and
personal freedom protected.

Tesl a's superman was a marvel ously successful invention--
for Tesla--which seened, as far as the world coul d observe,
to function satisfactorily. He elimnated | ove fromhis
life; elimnated wonmen even from his thoughts. He went
beyond Pl at o, who conceived of a spiritual conpani onship
bet ween man and wonman free from sexual desires; he

el imnated even the spiritual conpani onship. He desi gned
the isolated life into which no wonan and no nan coul d
enter; the self-suficient individuality fromwhich all sex
consi derations were conpletely elimnated; the genius who
woul d live entirely as a thinking and a working nachi ne.

Tesl a's superman invention was a producer of marvels, and
he thought that he had, by scientific nethods, succeeded in
elimnating love fromhis |ife. That abnornal |ife nakes a
fascinating experinment for the consideration of the

phi | osopher and psychol ogi st, for he did not succeed in
elimnating love. It manifested itself despite his
conscientious efforts at suppression; and when it did so it
cane in the nost fantastic form providing a romance the

i ke of which is not recorded in the annals of human

hi story.

Tesla's whole life seens unreal, as if he were a fabled
creature of sonme Aynpian world. A reporter, after witing
a story of his discoveries and inventions, concluded, "His
acconplishments seem|li ke the dream of an intoxicated god."
It was Tesla's invention of the polyphase alternating-
current systemthat was directly responsible for harnessing
Ni agara Falls and opened the nodern el ectrical superpower
era in which electricity is transported for hundred of
mles, to operate the tens of thousands of mass-production
factories of industrial systenms. Every one of the tal
Martian-1ike towers of the electrical transm ssion |ines
that stalk across the earth, and whose wires carry



electricity to distant cities, is a nonunment to Tesl a;
every power house, every dynano and every notor that drives
every machine in the country is a nonunment to him

Super sedi ng hinsel f, he discovered the secret of
transmtting electrical power to the utnost ends of the
earth without wires, and denonstrated his system by which
useful armounts of power could be drawn fromthe earth
anywhere nerely by making a connection to the ground; he
set the entire earth in electrical vibration with a
generator which spouted lightning that rivaled the fiery
artillery of the heavens. It was as a mnor portion of this
di scovery that he created the nodern radio system he

pl anned our broadcasting nmethods of today, forty years ago
when others saw in wireless only the dot-dash nessages that
m ght save ships in distress.

He produced | anps of greater brilliance and econony than
those in common use today; he invented the tube,
fluorescent and w rel ess | anps which we now consi der such
up-to-the-m nute devel opnents; and he essayed to set the
entire atnosphere of the earth aglowwth his electric
currents, to change our world into a single terrestrial
lanp and to make the skies at night shine as does the sun
by day.

| f other first-magnitude inventors and di scoverers may be
consi dered torches of progress, Tesla was a conflagration.
He was the vehicle through which the blazing suns of a
brighter tonorrow focused their incandescent beans on a
world that was not prepared to receive their light. Nor is
it remarkable that this radiant personality should have |ed
a strange and isolated Iife. The value of his contributions
to society cannot be overrated. we can now anal yze, to sone
extent, the personality that produced them He stands as a
synthetic genius, a self-nmade superman, the greatest
invention of the greatest inventor of all tinmes. But when
we consider Tesla as a human being, apart from his charm ng
and captivating social manners, it is hard to i mgi ne a
worse nightmare than a world inhabited entirely by

geni uses.

When Nature nakes an experinment and achi eves an i nprovenment
it is necessary that it be acconplished in such a way that
the progress will not be lost with the individual but wll
be passed on to future generations. In man, this requires a
utilization of the social values of the race, cooperation



of the individual with his kind, that the inproved status
may be propagated and becone a |l egacy of all. Tesla
intentionally engineered | ove and wonen out of his life,
and whil e he achieved gigantic intellectual stature, he
failed to achieve its perpetuation either through his own
progeny or through disciples. The superman he constructed
was not great enough to enbrace a wife and continue to
exi st as such. The | ove he sought to suppress in his life,
and whi ch he thought was associated only with wonen, is a
force which, in its various aspects, |links together al
menbers of the human race.

In seeking to suppress this force entirely Tesla severed

t he bonds which m ght have brought to himthe disciples who
woul d, through other channels, have perpetuated the force
of his prodigal genius. As a result, he succeeded in
inparting to the world only the snmallest fraction of the
creative products of his synthetic superman.

The creation of a supernman as denonstrated by Tesla was a
grand experinment in human evol ution, well worthy of the
giant intellect that grew out of it, but it did not cone up
to Nature's standards; and the experinent will have to be
made nany tines nore before we learn howto create a super
race with the mnds of Teslas that can tap the hidden
treasury of Nature's store of know edge, yet endowed too
with the vital power of Iove that will unlock forces, nore
power ful than any which we now glinpse, for advancing the
status of the human race.

There was no evi dence whatever that a supernman was bei ng
born

when the stroke of m dnight between July 9 and 10, in the
year 1856, brought a son, N kola, to the home of the Rev.
Mlutin Tesla and Dy ouka, his wife, in the haml et of
Smljan, in the Austro-Hungarian border province of Lika,
now a part of Yugoslavia. The father of the new arrival,
pastor of the village church, was a former student in an
ofi cers' training school who had rebell ed agai nst the
restrictions of Arny life and turned to the mnistry as the
field in which he could nore satisfactorily express

hi rsel f. The nother, although totally unable to read or
wite, was nevertheless an intellectually brilliant wonan,
who without the help of literal aids becane really well
educat ed.



Both father and nother contributed to the child a val uable
heritage of culture devel oped and passed on by ancestral
famlies that had been community | eaders for many
generations. The father canme froma famly that contributed
sons in equal numbers to the Church and to the Arny. The
not her was a nenber of the Mandich fam |y whose sons, for
generations w thout nunber, had, with very few exceptions,
becone mnisters of the Serbian Othodox Church, and whose
daughters were chosen as wi ves by mnisters.

D ouka, the nother of N kola Tesla (her given nane in
English translati on woul d be Georgina), was the el dest
daughter in a famly of seven children. Her father, I|ike
her husband, was a m nister of the Serbian Othodox Church,
Her nother, after a period of failing eyesight, had becone
blind shortly after the seventh child was born; so D ouka,
the el dest daughter, at a tender age was conpelled to take
over the major share of her nmother's duties. This not al one
prevented her from attendi ng school: her work at honme so
conpl etely consuned her time that she was unable to acquire
even the rudinents of reading and witing through hone
study. This was a strange situation in the cultured famly
of which she was a nenber. Tesla, however, always credited
his unlettered nother rather than his erudite father with
being the source fromwhich he inherited his inventive
ability. She devised many househol d | abor-savi ng
instrunments. She was, in addition, a very practical

i ndi vi dual, and her well-educated husband wi sely left in
her hands all business matters invol ving both the church
and hi s househol d.

An unusually retentive nenory served this renmarkabl e woman
as a good substitute for literacy. As the famly noved in
cultured circles she absorbed by ear nuch of the cultura
riches of the conmunity. She could repeat, w thout error or
om ssi on, thousands of verses of the national poetry of her
country--the sagas of the Serbs--and could recite |ong
passages fromthe Bible. She could narrate from nenory the
entire poetical - philosophical work Gorski ffenac (Muntain
fireath), witten by Bishop Petrovich N egosh. She al so
possessed artistic talent and a versatile dexterity in her
fingers for expressing it. She earned w de fane throughout
the countryside for her beautiful needl ework. According to
Tesla, so great were her dexterity and her patience that
she coul d, when over sixty, using only her fingers, tie
three knots in an eyel ash.



The remarkabl e abilities of this clever woman who had no
formal education were transmtted to her five children. The
el der son, Dane Tesla, born seven years before N kola, was
the fam |y favorite because of the pronise of an

out st andi ng career which his youthful cleverness indicated
was in store for him He foreshadowed in his early years

t he strange manifestations which in his surviving brother
were a prelude to greatness.

Tesla's father started his career in the mlitary service,
a likely choice for the son of an oficer; but he apparently
did not inherit his father's liking for Arny life. So
slight an incident as criticismfor failure to keep his
brass buttons brightly polished caused himto | eave
mlitary school. He was probably nore of a poet and

phi | osopher than a soldier. He wote poetry which was
publ i shed in contenporary papers. He also wote articles on
current problens which he signed with a pseudonym "Srbin
Pravicich." This, in Serb, neans "Man of Justice." He
spoke, read and wote Serbo-Croat, German and Italian. It
was probably his interest in poetry and phil osophy that
caused himto be attracted to Dy ouka Mandi ch. She was
twenty-five and Mlutin was two years older. He nmarried her
in 1847. H's attraction to the daughter of a pastor
probably influenced his next choice of a career, for he
then entered the mnistry and was soon ordained a priest.

He was made pastor of the church at Senj, an inportant
seaport with facilities for a cultural life. He gave
satisfaction, but apparently he achi eved success anong his
pari shioners on the basis of a pleasing personality and an
under st andi ng of problens rather than by using any great
erudition in theol ogical and ecclesiastical matters.

A few years after he was placed in charge of this parish, a
new ar chbi shop, elevated to head of the diocese, wished to
survey the capabilities of the priests in his charge and
offered a prize for the best sernon preached on his oficial
visit. The Rev. Mlutin Tesla was bubbling over, at the
time, with interest in |labor as a ngjor factor in social
and econom c problens. To preach a sernon on this topic
was, fromthe viewpoint of expediency, a totally
impractical thing to do. Nobody, however, had ever accused
the Rev. M. Tesla of being practical, so doing the
impractical thing was quite in harmony with his nature. He
chose the subject which held his greatest interest; and



when the archbi shop arrived, he |listened to a sernon on
"Labor."

Months | ater Senj was surprised by an unanticipated visit
fromthe archbi shop, who announced that the Rev. M. Tesla
had preached the best sernon, and awarded him a red sash
whi ch he was privileged to wear on all occasions. Shortly
afterward he was nade pastor at Sm | jan, where his parish

t hen enbraced forty homes. He was | ater placed in charge of
the nmuch larger parish in the nearby city of Gospic. H's
first three children, M| ka, Dane and Angelina, were born
at Senj. N kola and his younger sister, Mrica, were born
at Smljan.

Tesla's early environnent, then, was that of an
agricultural community in a high plateau region near the
eastern shore of the Adriatic Sea in the Vel ebit Muntai ns,
a part of the Alps, a nountain chain stretching from
Switzerland to G eece. He did not see his first steam

| oconotive until he was in his "teens, so his aptitude for
mechani cal matters did not grow out of his environnent.

Tesla's honeland is today call ed Yugosl avia, a country
whose name neans "Land of the Southern Slavs." It enbraces
several former separate countries, Serbia, Bosnia, Croatia,
Mont enegro, Dal matia and al so Sl ovenia. The Tesla and
Mandi ch famlies originally cane fromthe western part of
Serbi a near Montenegro. Smiljan, the village where Tesla
was born, is in the province of Lika, and at the tine of
his birth this was a dependent province held by the Austro-
Hungarian Enpire as part of Croatia and Sl oveni a.

Tesl a's surnane dates back nore than two and a hal f
centuries. Before that tinme the famly nanme was Draganic
(pronounced as if spelled Drag'-a-nitch). The nanme Tesla
(pronounced as spelled, with equal enphasis on both
syllables), in a purely literal sense, is a trade nane |like
Smith, firight or Carpenter. As a comon noun it descri bes
a woodwor ki ng tool which, in English, is called an adz.
This is an axe with a broad cutting blade at right angles
to the handle, instead of parallel as in the nore famliar
form It is used in cutting large tree trunks into squared
tinmbers. In the Serbo-Croat |anguage, the name of the tool
is tesla. There is a tradition in the Draganic famly that
t he nenbers of one branch were given the nicknane "Tesl a"
because of an inherited trait which caused practically al
of themto have very |arge, broad and protruding front



teeth which greatly resenbled the triangul ar bl ade of the
adz.

The nanme Draganic and derivatives of it appear frequently
in other branches of the Tesla famly as a gi ven nanme. When
used as a given nane it is frequently transl ated
"Charlotte,” but as a generic termit holds the nmeaning
"dear" and as a surnane is translated "Darling."

The majority of Tesla's ancestors for whom age records are
avail abl e lived well beyond the average span of life for
their tinmes, but no definite record has been found of the
ancestor who, Tesla clained, lived to be one hundred and
forty years of age. (H's father died at the age of fifty-
nine, and his nother at seventy-one.)

Al t hough many of Tesla's ancestors were dark eyed, his eyes
were a gray-blue. He clainmed his eyes were originally
darker, but that as a result of the excessive use of his
brain their color changed. H's nother's eyes, however, were
gray and so are those of sonme of his nephews. It is
probabl e, therefore, that his gray eyes were inherited,

rat her than faded by excessive use of the brain.

Tesla grew to be very tall and very slender--tallness was a
famly and a national trait. Wen he attained full growth
he was exactly two meters, or six feet two and one-quarter
inches tall. while his body was slender, it was built

wi thin normal proportions. H's hands, however, and
particularly his thunbs, seened unusually | ong.

Ni kol a's ol der brother Dane was a brilliant boy and his
parents gloried in their good fortune in being blessed wth
such a fine son. There was, however, a difference of seven
years in the two boys' ages, and since the elder brother
died as the result of an accident at the age of twelve,
when Ni kol a was but five years old, a fair conparison of
the two seens hardly possible. The loss of their first-born
son was a great blowto his nother and father; the grief
and regrets of the famly were manifest in idealizing his
talents and predicting possibilities of greatness he m ght
have realized, and this situation was a challenge to N kol a
in his youth.

The superman Tesl a devel oped out of the superboy N kol a.

Forced to rise above the normal |evel by an urge to carry
on for his dearly bel oved departed brother, and also on his

10



own account to exceed the great acconplishnent his brother
m ght have attained had he lived, he unconsciously drew
upon strange resources wWthin. The existence of these
resources m ght have remai ned unsuspected for a lifetine,
as happens with the run of individuals, if N kola had not
felt the necessity for creating a | arger sphere of life for
hi nsel f.

He was aware as a boy that he was not |ike other boys in
hi s thoughts, in his anmusenents and in his hobbies. He
could do the things that other |ads his age usually do, and
many things that they could not do. It was these latter
things that interested himnost, and he could find no
conpani ons who woul d share his enthusiasns for them This
situation caused himto isolate hinself from
contenporaries, and made himaware that he was destined for
an unusual place if not great acconplishnents in life. H's
boyi sh m nd was continually exploring realns which his
years had not reached, and his boyhood attainnents
frequently were worthy of men of mature age.

He had, of course, the usual experience of unusual
incidents that fall to the lot of a small boy. One of the
earliest events which Tesla recalled was a fall into a tank
of hot mlk that was being scalded in the process used by
the natives of that region as a hygi enic neasure,
anticipating the nodern process of pasteuri zing.

Shortly afterward he was accidentally | ocked in a renote
mount ai n chapel which was visited only at w dely separated
intervals. He spent the night in the small building before
hi s absence was di scovered and his possible hiding place
det er m ned.

Living close to Nature, with anple opportunity for
observing the flight of birds, which has ever filled nen

wi th envy, he did what many anot her boy has done with the
sanme results. An unbrella, plus imagination, offered to him
a certain solution of the problemof free flight through
the air. The roof of a barn was his |launching platform The
unbrella was large, but its condition was nuch the worse
for many years of service; it turned inside out before the
flight was well started. No bones were broken, but he was
badl y shaken up and spent the next six weeks in bed.
Probably, though, he had better reason for maeking this
experi nent than nost of the others who have tried it. He
reveal ed that practically all his |life he experienced a

11



pecul i ar reacti on when breathing deeply. When he breat hed
deeply he was overcone by a feeling of lightness, as if his
body had | ost all weight; and he shoul d, he concl uded, be
able to fly through the air nmerely by his will to do so. He
did not learn, in boyhood, that he was unusual in this
respect.

One day when he was in his fifth year, one of his chuns
received a gift of a fishing line, and all the boys in the
group planned a fishing trip. On that day he was on the
outs with his chuns for sone unrenenbered reason. As a
result, he was informed he could not join them He was not
permtted even to see the fishing |ine at close range. He
had glinpsed, however, the general idea of a hook on the
end of a string. In a short tinme he had fashioned his own
interpretation of a hook. The refinenment of a barb had not
occurred to himand he also failed to evolve the theory of
usi ng bait when he went off on his own fishing expedition.
The baitless hook failed to attract any fish but, while
dangling in the air, nmuch to Tesla's surprise and
satisfaction it snared a frog that | eaped at it. He cane
honme with a bag of nearly two dozen frogs. It may have been
a day on which the fish were not biting, but at any rate
his chunms cane hone fromthe use of their new hook and |ine
W thout any fish. His triunph was conpl ete. Wien he | ater
reveal ed his technique, all the boys in the nei ghborhood
copi ed his hook and nethod, and in a short tine the frog
popul ati on of the region was greatly depl et ed.

The contents of birds' nests always excited Tesla's
curiosity. He rarely disturbed their contents or occupants.
On one occasi on, however, he clinbed a rocky crag to
investigate an eagle's nest and took fromit a baby eagle
whi ch he kept |ocked in a barn. A bird on the wing he
considered fair prey for his sling shot, with which he was
a star perforner.

About this time he becane intrigued with a piece of holl ow
tube cut froma cane growing in the nei ghborhood. This he
pl ayed with until he had evolved a blow gun and | ater, by
maki ng a plunger and plugging one end of the tube wth a
wad of wet henp, a pop gun. He then undertook the naking of
| arger pop guns, and contrived one in which the end of the
pl unger was hel d agai nst the chest and the tube pulled
energetically toward the body. He engaged in the
manufacture of this article for his chuns, as a five-year-
ol d busi nessman. Wien a nunber of w ndow panes happened to

12



get broken accidentally by getting in the way of his henp
wad, his inventive proclivities in this field were quickly
curbed by the destruction of the pop guns and the

adm ni stration of the parental rod.

Tesla started his formal education by attending the village
school in Sm|jan before he reached his fifth birthday. A
few years later his father received his appoi ntnent as
pastor of a church in the nearby city of Gospic, so the
famly noved there. This was a sad day for young Tesla. He
had |ived close to Nature, and | oved the open country and

t he hi gh nmount ai ns anong whi ch he had thus far spent all of
his life. The sudden transition to the artificialities of
the city was a very definite shock to him He was out of
harmony wi th his new surroundi ngs.

Hi s advent into the city life of Gospic, at the age of
seven, got off to an unfortunate start. As the new mnister
in town, his father was anxi ous to have everythi ng nove
snoothly. Tesla was required to dress in his best clothes
and attend the Sunday services. Naturally, he dreaded this
ordeal and was very happy when assigned the task of ringing
the bell summoning the worshipers to the service and
announci ng the close of the cerenopnies. This gave him an
opportunity to remain unseen in the belfry while the

pari shioners, their daughters and dude sons were arriving
and departing.

Thi nki ng he had waited | ong enough after the close of the
service for the church to be cleared on this first Sunday,
he cane downstairs three steps at a tine. A wealthy wonman
parishioner wearing a skirt with a long train that

fashi onably dragged al ong the ground, and who had cone to
the service with a retinue of servants, remmined after the
ot her parishioners to have a talk with the new pastor. She
was just making an inpressive exit when Tesla's final junp
down the stairs |landed himon the train, ripping this

di gnity-preserving appendage fromthe wonan's dress. Her
nortification and rage and his father's anger canme upon him
si mul t aneously. Parishioners loitering outside rushed back
to revel in the spectacle. Thereafter no one dared be

pl easant to this youngster who had enraged the wealthy
dowager who donineered it over the social community. He was
practically ostracized by the parishioners, and conti nued
so until he redeened hinself in a spectacul ar manner.
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Tesla felt strange and defeated in his ignorance of city
ways. He net the situation first by avoi dance. He did not
care to | eave his home. The boys of his age were neatly
dressed every day. They were dudes and he did not bel ong.
Even as a child Tesla was neticul ously careful in dress. At
the earliest nonent, however, he would slip work cl ot hes
over his dress clothes and go wandering in the wods or
engage i n nechani cal work. He could not enjoy life if
limted to the activities in which he could engage whil e
dressed up. Tesla, however, possessed ingenuity, and there
was rarely a situation in which he was not able to use it.
He al so possessed knowl edge of the ways of Nature. These
gave hima distinct superiority over the city boys.

About a year after the famly noved to Gospic a new fire
conpany was organi zed. It was to be supplied with a punp
whi ch woul d repl ace the useful but inadequate bucket

bri gade. The nenbers of the new organi zati on obtai ned
brightly colored uniforns and practiced marching for
parades. Eventually the new punp arrived. It was a nan-
power punp to be operated by sixteen nen. A parade and
denonstration of the new apparatus was arranged. Al nost
everyone in Gospic turned out for the event and followed to
the river front for the punp denonstration. Tesla was anong
them He paid no attention to the speeches but was all eyes
for the brightly painted apparatus. He did not know how it
wor ked but woul d have | oved to take it apart and

i nvestigate the insides.

The tine for the denonstrati on canme when the | ast speaker,
finishing his dedicatory address, gave the order to start
the punping operation that would send a stream of water
shooting skyward fromthe nozzle. The eight nmen regi nented
on either side of the punp bowed and rose in alternate

uni son as they raised and | owered the bars that operated
the pistons of the punp. But nothing el se happened, not a
drop of water cane fromthe nozzl e!

Oicials of the fire conpany started feverishly to nake

adj ustnents and, after each attenpt, set the sixteen nen
oscillating up and down at the punp handl es, but each tine
wi thout results. The Iines of hose between the punp and the
nozzl e were strai ghtened out, they were di sconnected from
the punp and connected again. But no water canme fromthe
far end of the hose to reward the efforts of the perspiring
firemen.
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Tesl a was anong the usual group of urchins that always
manages to get inside the lines on such occasions. He tried
to see everything that was going on fromthe cl osest
possi bl e vantage poi nt and undoubtedly got on the nerves of
the vexed oficials when their repeated efforts were
frustrated by continuous failures. As one of the oficials
turned for the tenth tine to vent his frustration on the
urchins and order themaway from his range of action, Tesla
gr abbed him by the arm

"I know what to do, Mster," said Tesla. "you keep
punpi ng. "

Dashing for the river, Tesla peeled his clothes off quickly
and dove into the water. He swamto the suction hose that
was supposed to draw the water supply fromthe river. He
found it kinked, so that no water could flowinto it, and
flattened by the vacuum created by the punping. Wen he
strai ghtened out the kink, the water rushed into the |ine.
The nozzl enen had stood at their post for a long tine,
receiving a continuous repetition of warnings to be
prepared each tinme an adjustnent was nade, but, as nothing
happened on t hese successive occasions, they had gradually
rel axed their attention and were giving little thought to
the direction in which the nozzle was poi nted. Wen the
stream of water did shoot skyward, down it cane on the
assenbl ed oficials and townspeople. This item of unexpected
drama excited the cromd at the other end of the |ine near
the punp, and to give vent to their joy they seized the
scantily dressed Tesla, boosted himto the shoulders of a
couple of the firenmen, and | ed a procession around the
town. The seven-year-old Tesla was the hero of the day.

Later on Tesla, in explaining the incident, said that he
had had not the faintest idea of how the punp worked; but
as he watched the nen struggle with it, he got an intuitive
flash of knowl edge that told himto go to the hose in the
river. On |ooking back to that event, he said, he knew how
Ar chi medes nmust have felt when, after discovering the |aw
of the displacenent of water by floating objects, he ran
naked through the streets of Syracuse shouting "Eureka!

At the age of seven Tesla had tasted the pleasures of
public acclaim

for his ingenuity. And further, he had done sonething which
t he dudes, the boys of his age in the city, could not do
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and which even their fathers could not do. He had found
hi msel f. He was now a hero, and it could be forgotten that
he had junped on a worman's skirt and ripped the train off.

Tesl a never | ost an opportunity to hike through the nearby
mount ai ns where he could again enjoy the pleasures of his
earlier years spent so close to Nature. On these occasions
he woul d often wonder if there was still operating a crude
wat er wheel which he made and installed, when he was | ess
than five years old, across the nountain brook near his
home in Smlj an.

The wheel consisted of a not too well -snoothed di sk cut
froma tree trunk in some |unbering operations. Through its
center he was able to cut a hole and force into it a
somewhat straight branch of a tree, the ends of which he
rested in two sticks with crotches which he forced into the
rock on either bank of the brook. This arrangenent
permtted the |ower part of the disk to dip in the water
and the current caused it to rotate. To the |lad there was a
great deal of originality enployed in making this ancient
devi ce. The wheel wobbled a bit but to himit was a

mar vel ous pi ece of construction, and he got no end of

pl easure out of watching his water wheel obtain power from
t he brook.

Thi s experinent undoubtedly nmade a life-long inpression on
his young plastic m nd and endowed himw th the desire,
ever afterward manifested in his work, of obtaining power
from Nature's sources which are always being dissipated and
al ways bei ng repl eni shed.

In this snooth-di sk water wheel we find an early clue to

his later invention of the snooth-disk turbine. In his

| at er experience he discovered that all water wheels have
paddl es--but his little water wheel had operated w thout

paddl es.

Tesla's first experinent in original methods of power
producti on was nmade when he was nine years old. It
denonstrated his ingenuity and originality, if nothing

el se. It was a sixteen-bug-power engine. He took two thin
slivers of wood, as thick as a toothpick and several tinmes
as long, and glued themtogether in the formof a cross, so
they | ooked like the arns of a wndm|Il. At the point of
intersection they were glued to a spindle nade of another
thin sliver of wood. On this he slipped a very snmall pulley
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wi th about the dianeter of a pea. A piece of thread acting
as a driving belt was slipped over this and al so around the
circunference of a nmuch larger but |ight pulley which was
al so mounted on a thin spindle. The power for this nmachine
was furnished by sixteen May bugs (June bugs in the United
States). He had collected a jar full of the insects, which
were very much of a pest in the neighborhood. Wth a little
dab of glue four bugs were afixed, heading in the sane
direction, to each of the four arnms of the w ndml
arrangenment. The bugs beat their wings, and if they had
been free woul d have fl own away at high speed. They were,
however, attached to the cross arns, so instead they pulled
them around at hi gh speed. These, being connected by the
thread belt to the large pulley, caused the latter to turn
at | ow speed; but it devel oped, Tesla reports, a
surprisingly large torque, or turning power.

Proud of his bug-power notor and its continuous operation--
the bugs did not cease flying for hours--he called in one
of the boys in the neighborhood to admire it. The |lad was a
son of an Arny oficer. The visitor was anused for a short
time by the bug notor, until he spied the jar of still
unused May bugs. Wthout hesitation he opened the jar,

fi shed out the bugs--and ate them This so nauseated Tesl a
that he chased the boy out of the house and destroyed the
bug notor. For years he could not tolerate the sight of My
bugs without a return of this unpl easant reaction.

This event greatly annoyed Tesl a because he had planned to
add nore spindles to the shaft and stick on nore fliers
until he had nore than a one-hundred- bug-power notor.

TESLA' S years in school were nore inportant for the
activities in which he engaged in after-school hours than
for what he learned in the classroom At the age of ten,
having finished his elenentary studies in the Normnal
School, Tesl a entered the college, called the Real
Gymasium at Gospic. This was not an unusually early age
to enter the Real Gymmasium as that school corresponds
nmore to our grammar school and junior high school than to
our coll ege.
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One of the requirenents, and one to which an unusually

| arge percentage of the class tinme was devoted throughout
the four years, was freehand drawi ng. Tesl a detested the
subj ect alnost to the point of open rebellion, and his

mar ks were accordingly very low, but not entirely owing to
a lack of ability.

Tesla was | eft-handed as a boy, but |ater becane

anbi dextrous. Left-handedness was a definite handicap in

t he freehand-draw ng studi es, but he could have done nuch
better work than he actually produced and woul d have gotten
hi gher marks if it were not for a piece of altruismin

whi ch he engaged. A student whom he could excel in draw ng
was striving hard for a scholarship. Wre he to receive the
| onest marks in freehand drawi ng, he woul d be unable to
obtain the schol arship. Tesla sought to help his fellow
student by intentionally getting the Iowest rating in the
smal | cl ass.

Mat hematics was his favorite subject and he distingui shed
hinmself in that study. His unusual proficiency in this
field was not considered a counterbal ancing virtue to nmake
anmends for his lack of enthusiasmfor freehand drawi ng. A
strange power pernitted himto performunusual feats in
mat hemati cs. He possessed it fromearly boyhood, but had
considered it a nuisance and tried to be rid of it because
it seemed beyond his control.

| f he thought of an object it would appear before him

exhi biting the appearance of solidity and massiveness. So
greatly did these visions possess the attributes of actual
objects that it was usually dificult for himto distinguish
between vision and reality. This abnormal faculty
functioned in a very useful fashion in his school work with
mat hemat i cs.

| f he was given a problemin arithnetic or algebra, it was
imuaterial to himwhether he went to the blackboard to work
it out or whether he remained in his seat. H's strange
faculty permtted himto see a visioned bl ackboard on which
the problemwas witten, and there appeared on this

bl ackboard all of the operations and synbols required in
wor ki ng out the solution. Each step appeared nmuch nore
rapidly than he could work it out by hand on the actual
slate. As a result, he could give the solution al nbst as
qgui ckly as the whol e probl em was st at ed.
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Hi s teachers, at first, had sone doubts about his honesty,
t hi nki ng he had worked out sone clever deceit for getting
the right answers. In due tine their skepticismwas

di spel l ed and they accepted himas a student who was
unusual ly apt at nmental arithmetic. He would not reveal
this power to anyone and would discuss it only with his
not her, who in the past had encouraged himin his efforts
to banish it. Now that the power had denonstrated sone
definite useful ness, though, he was not so anxious to be
conpletely rid of it, but desired to bring it under his
conpl ete contr ol

Work that Tesla did outside school hours interested him
much nore than his school work. He was a rapid reader and
had a nenory that was retentive to the point, alnost, of
infallibility. He found it easy to acquire foreign

| anguages. In addition to his native Serbo- Croat |anguage
he becane proficient in the use of German, French and
Italian. This opened to himgreat stores of know edge to
whi ch ot her students did not have access, yet this

know edge, apparently, was of little use to himin his
school work. He was interested in things nechanical but the
school provided no manual training course. Neverthel ess, he
became proficient in the working of wood and netals with
tools and nethods of his own contri ving.

In the classroom of one of the upper grades of the Real
Gymasi um nodel s of water wheels were on exhibition. They
wer e not working nodel s but neverthel ess they aroused

Tesl a's enthusiasm They recalled to himthe crude wheel he
had constructed in the hills of Smljan. He had seen

pi ctures of the magnificent N agara Falls. Coupling the
power possibilities presented by the majestic waterfalls
and the intriguing possibilities he saw in the nodels of
the water wheels, he aroused in hinself a passion to
acconplish a grand achi evenent. Waxi ng el oquent on the
subject, he told his father, "Sonme day | amgoing to
America and harness N agara Falls to produce power." Thirty
years later he was to see this prediction fulfill ed.

There were many books in his father's library. The

knowl edge in those books interested himnore than that

whi ch he received in school and he wi shed to spend his
evenings reading them As in other matters, he carried this
to an extreme, so his father forbade himto read them
fearing that he would ruin his eyes in the poor |ight of
tall ow candl es then used for illum nation. N kola sought to
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circunmvent this ruling by taking candles to his room and
readi ng after he was sent to bed, but his violation of
orders was soon discovered and the famly candl e supply was
hi dden. Next he fashioned a candl e nould out of a piece of
tin and nade his own candl es. Then, by plugging the keyhol e
and the chinks around the door, he was able to spend the

ni ght hours reading volunes purloined fromhis father's
bookshel ves. Frequently, he said, he would read through the
entire night and feel none the worse for the | oss of sleep.
Eventual discovery, however, brought paternal discipline of
a vigorous nature. He was about eleven years old at this
tinme.

Li ke other boys of his age he played with bows and arrows.
He made bi gger bows, and better, straighter shooting
arrows, and his nmarksnmanshi p was excellent. He was not
willing to stop at that point. He started buil ding
arbalists. These coul d be descri bed as bow-and-arrow guns.
The bow is mounted on a frame and the string pulled back
and caught on a peg fromwhich it is released by a trigger.
The arrowis laid on the mdpoint of the bow, its end

agai nst the taut string. The bow |ies horizontal on the
frame whereas in ordinary nmanual shooting the bowis held
in vertical position. For this reason the device is
sonetinmes called the crossbow. In setting an arbalist the
beam i s placed against the abdonen and the string pulled
back with all possible force. Tesla did this so often, he
said, that his skin at the point of pressure becane
cal l oused until it was nore |like a crocodile's hide. Wen
shot into the air the arrows fromhis arbalist were never
recovered, for they went far out of sight. At close range
t hey woul d pass through a pine board an inch thick.

Tesla got a thrill out of archery not experienced by other
boys. He was, in imagination, riding those arrows which he
shot out of sight into the blue vault of the heavens. That
sense of exhilaration he experienced when breathing deeply
gave him such a feeling of |ightness he convinced hinself
that in this state it would be relatively easy for himto
fly through the air if he only could devise sonme nechani ca
aid that would | aunch himand enable himto overcone what
he thought was only a slight remaining weight in his body.
His earlier disastrous junp fromthe barn roof had not
disillusioned him H's conclusions were in keeping with his
sensations; but a twelve-year-old lad exploring this
dificult field al one cannot be condemed too severely for
not di scovering that our senses sonetines deceive us, or

20



rat her that we sonetines deceive ourselves in interpreting
what our senses tell us.

I n breathing deeply he was overventilating his |ungs,

t aki ng out sone of the residual carbon dioxide which is
chem cal "ashes," and largely inert, and replacing it with
air containing a mxture of equally inert nitrogen and very
active oxygen. The latter being present in nore than nornal
proportions i medi ately began to upset chenical bal ances

t hroughout the body. The reaction on the brain produces a
result which does not differ greatly from al coho

i ntoxi cation. A nunber of cults use this procedure to

i nduce "nystical" or "occult" experiences. How was a

t wel ve-year-old boy to know all these things? He could see
that birds did an excellent job in flying. He was convi nced
that some day man would fly, and he wanted to produce the
machi ne that would get himoff the ground and into the air.

The big idea came to hi mwhen he | earned about the vacuum -
a space within a container fromwhich all air had been
exhausted. He | earned that every object exposed to the air
was under a pressure of about fourteen pounds per square
inch, while in a vacuum obj ects were free of such pressure.
He figured that a pressure of fourteen pounds should turn a
cylinder at high speed and he could arrange to get

advant age of such pressure by surrounding one half of a
cylinder with a vacuum and having the remaining half of its
surface exposed to air pressure. He carefully built a box
of wood. At one end was an opening into which a cylinder
was fitted with a very high order of accuracy, so that the
box would be airtight; and on one side of the cylinder the
edge of the box made a right-angle contact. On the
cylinder's other side the box nmade a tangent, or flat,
contact. This arrangenent was nade because he wanted the
air pressure to be exerted at a tangent to the surface of
the cylinder--a situation that he knew would be required in
order to produce rotation. If he could get that cylinder to
rotate, all he would have to do in order to fly would be to
attach a propeller to a shaft fromthe cylinder, strap the
box to his body and obtain continuous power fromhis vacuum
box that would lift himthrough the air. H's theory of
course was fallacious, but he had no nmeans of know ng that
at the tine.

The wor kmanshi p on this box was undoubtedly of a very high

order, considering it was made by a self-instructed twelve-
year - ol d nmechani c. When he connected his vacuum punp, an
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ordinary air punp with its valves reversed, he found the
box was airtight, so he pulled out all the air, watching
the cylinder intently while doing so. Nothing happened for
many strokes of the punp except that it made his back |ane
to pull the punp handl e upward while he created the npst
"powerful" possible vacuum He rested for a nonent. He was
breat hi ng deeply from exertion, overventilating his |ungs,
and getting that joyous, dizzy, light-as-air feeling which
was a highly satisfactory nental environnent for his
experi nent.

Suddenly the cylinder started to turn--slowy! His
experi ment was a success! Hi's vacuum power box was wor ki ng!
He would fly!

Tesla was delirious with joy. He went into a state of
ecstasy. There was no one with whom he could share this
joy, as he had taken no one into his confidence. It was his
secret and he was forced to endure its joys alone. The
cylinder continued to turn slowy. It was no hallucination.
It was real. It did not speed up, however, and this was

di sappointing. He had visualized it turning at a trenmendous
speed but it was actually turning extrenely slowy. His

i dea, at |east, he figured, was correct. Wth a little
better workmanshi p, perhaps he could nmake the cylinder turn
faster. He stood spellbound watching it turn at a snail's
pace for less than half a mnute--and then the cylinder
stopped. That broke the spell and ended for the tine his
mental air flights.

He hunted for the trouble and quickly | ocated what he was
sure was the cause of the dificulty. Since the vacuum he

t heorized, is the source of power, then, if the power
stops, it nust be because the vacuumis gone. H's punp, he
felt sure, nmust be leaking air. He pulled up the handle. It
cane up easily and that neant very definitely he had | ost
the vacuumin the box. He again punped out the air--and
agai n when he reached a high vacuumthe cylinder started to
turn slowy and continued to do so for a fraction of a

m nute. Wen it stopped he again punped a vacuum and again
the cylinder turned. This time he continued to operate the
punp and the cylinder continued to turn. He could keep it
turning as long as he desired by continuing to punp the
vacuum

There was nothing wong with his theory, as far as he could
see. He went over the punp very carefully, naking
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i mprovenents whi ch woul d gi ve hima high vacuum and
studied the valve to nake that a better guard of the vacuum
in the box. He worked on the project for weeks but despite
his best efforts he could get no better results than the

sl ow novenent of the cylinder.

Finally the truth came to himin a flash--he was | osing the
vacuum in the box because the air was |eaking in around the
cylinder on that side where the flat board was tangent to
the surface of the cylinder. As the air flowed into the box
it pulled the cylinder around with it very slowy. Wen the
air stopped flowing into the box the cylinder stopped
turning. He knew now his theory was wong. He had supposed
that even with the vacuum bei ng mai ntai ned, and no air

|l eaking in, the air pressure would be exerted at a tangent
to the surface of the cylinder and the pressure would
produce notion in the sanme way as pushing on the rimof a
wheel will cause it to turn. He discovered | ater, however,
that the air pressure is exerted at right angles to the
surface of the cylinder at all points, |like the direction
of the spokes of a wheel, and therefore it could not be
used to produce rotation in the way he planned.

Thi s experinment, nevertheless, was not a total |oss, even
though it greatly disheartened him The know edge that the
air leaking into a vacuum had actual ly produced even a
smal | amount of rotation in a cylinder remained with him
and led directly, many years later, to his invention of the
"Tesla turbine," the steam engi ne that broke all records
for horsepower devel oped per pound of weight--what he
called "a power house in a hat."

Nature seened to be constantly engaged in staging
spectacul ar denonstrations for young Tesla, revealing to
hi m sanpl es of the secret of her mighty forces.

Tesla was roaming in the nmountains with some chuns one

wi nter day after a stormin which the snow fell noist and
sticky. A small snowball rolled on the ground quickly
gathered nore snow to itself and soon becane a big one that
was not too easy to nove. Tiring of making snowren and snow
houses on | evel stretches of ground, the boys took to

t hrowi ng snowbal | s down t he sl opi ng ground of the nountain.
Most of them were duds--that is, they got stalled in the
soft snow before they accunul ated additional volunme. A few
rolled a distance, grew | arger and then bogged down and

st opped. One, however, found just the right conditions; it
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rolled until it was a large ball and then spread out,
rolling up the snow at the sides as if it were rolling up a
gi ant carpet, and then suddenly it turned into an

aval anche. Soon an irresistible mass of snow was novi ng
down the steep slope. It stripped the nountainside clean of
snow, trees, soil and everything else it could carry before
it and with it. The great mass | anded in the valley bel ow
with a thud that shook the nountain. The boys were
frightened because there was snow above them on the
nmount ai n that m ght have been shaken into a downward sli de,
carrying themalong buried in it.

This event nmade a profound i npression on Tesla and it

dom nated a great deal of his thinking in later life. He
had wi tnessed a snowbal |l weighing a few ounces starting an
irresistible, devastating novenent of thousands of tons of
inert matter. It convinced himthat there are trenendous
forces |locked up in Nature that can be released in gigantic
amounts, for useful as well as destructive purposes, by the
enpl oynent of small trigger forces. He was always on the

| ookout for such triggers in his |ater experinents.

Tesl a even as a boy was an original thinker and he never
hesitated to think thoughts on a grand scal e, al ways
carrying everything to its largest ultimate di nension as a
means of exploring the cosnbs. This is denonstrated by
anot her event that took place the follow ng sumer. He was
wandering alone in the nountains when storm cl ouds started
to fill the sky. There was a flash of [ightning and al nost
i medi ately a deluge of rain descended on him

There was inplanted in his thirteen-year-old mnd on that
occasi on a thought which he carried wwth himpractically
all his life. He saw the lightning flash and then saw the
rain come down in torrents, so he reasoned that the
lightning flash produced the downpour. The idea becone
firmy fixed in his mnd that electricity controlled the
rain, and that if one could produce lightning at will, the
weat her woul d be brought under control. Then there woul d be
no dry periods in which crops would be ruined; deserts
could be turned into vineyards, the food supply of the
world woul d be greatly increased, and there would be no

| ack of food anywhere on the gl obe. why could he not
produce | i ghtni ng?

The observation and the conclusions drawn fromit by young
Tesla were worthy of a nore mature mnd, and it woul d
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require a genius anong the adults to have evol ved the
project of controlling the world' s weather through such
means. There was, however, a flaw in his observation. He
saw the lightning cone first and the rain afterward.
Further investigation would have revealed to himthat the
order of events was reversed higher in the air. It was the
rain that cane first and the lightning afterward up in the
cl oud. The lightning, however, arrived first because it
made the trip fromthe cloud in | ess than 1/100,000 of a
second, while the raindrops required several seconds to
fall to the ground.

At this tinme there was planted in Tesla's m nd the seed of
a project which matured nore than thirty years |ater when
in the nountains of Colorado, he actually produced bolts of
lightning, and planned later to use themto bring rain. He
never succeeded in convincing the U S. Patent Oice of the
practicability of the rain-making plan.

Tesla, as a boy, knewno limts to the universe of his
thinking; and as a result he built an intellectual realm
suficiently large to provide anple space in which his nore
mat ure m nd coul d operate w thout encountering retarding
barriers.

Tesla finished his course at the Real Gymmasi umin Gospic
in 1870,

at the age of fourteen. He had distinguished hinself as a
scholar. In one grade, however, his mathematics professor
gave himless than a passing mark for his year's work.
Tesla felt an injustice had been done him so he went to
the director of the school and demanded that he be given
the strictest kind of exam nation in the subject. This was
done in the presence of the director and the professor, and
Tesl a passed it with an al nost perfect mark.

H's fine work at school and the recognition by the towns-
peopl e that he possessed a broader scope of know edge than
any other youth in town |l ed the trustees of the public
library to ask himto classify the books in their
possessi on and nmake a catal ogue. He had already read nost
of the books in his father's extensive library, so he was
pl eased to have close access to a still larger collection
and undertook the task with considerable enthusiasm He had
scarcely begun work on this project when it was interrupted
by a long intermttent illness. Wien he felt too depressed
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to go tothe library he had quantities of the books brought
to his honme, and these he read while confined to his bed.
H's illness reached a critical stage and physicians gave up
hope of saving his life.

Tesla's father knew that he was a delicate child and,
having | ost his other son, tried to throw every possible
saf eguard around this one. He was greatly pleased over his
son's brilliant acconplishments in al nost every activity in
whi ch he engaged, but he recognized as a danger to N kola's
health the great intensity with which he tackl ed projects.
Ni kola's trend toward engi neering was to hima dangerous
devel opnent, as he thought work in that field would nmake
too heavy demands upon him not only because of the nature
of the work but in the extended years of study in which he
woul d have to engage. |If, however, the boy entered the
mnistry, it would not be necessary for himto extend his
studi es beyond the Real Gymmasi um whi ch he had j ust

conpl eted. For this reason his father favored a career for
himin the Church

Il ness threw everything into a sonber aspect. \Wen the
critical stage of his illness was reached and his strength
was at its |lowest ebb, Nikola manifested no inclination to
hel p hinsel f get better by devel opi ng an ent husi asm f or
anything. It was in this stage of his illness that he
glanced listlessly at one of the library books. It was a
vol une by Mark Twain. The book held his interest and then
aroused his enthusiasmfor life, enabling himto pass a
crisis, and his health gradually returned to normal. Tesla
credited the Mark Twai n book with saving his |life, and
when, years later, he net Twain, they becane very close
friends.

At the age of fifteen Tesla, in 1870, continued his studies
at the H gher Real Gymmasium corresponding to our coll ege,
at Karlovac (Carlstadt) in Croatia. H s attendance at this
school was made possible by an invitation froma cousin of
his father's, married to a Col. Brankovic, whose hone was
in Karlovac, to come and live with her and her husband, a
retired Arny oficer, while attending school. His life there
was none too happy. Scarcely had he arrived when he
contracted malaria fromthe nosquitoes in the Karl ovac

| oW ands, and he was never free fromthe mal ady for years
aft erward.
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Tesla relates that he was hungry all during the three years
he spent at Karlovac. There was plenty of deliciously
prepared food in the hone, but his aunt held the theory

t hat because his health seened none too rugged he shoul d
not eat heavy neals. Her husband, a gruff and rugged

i ndi vi dual, when carving a second hel ping for hinself,
woul d sonetinmes try to slip a healthy slice of neat onto
Tesla's plate; but the Col onel was al ways overrul ed by his
wi fe, who would take back the slice and carve one to the

t hi nness of a sheet of paper, warning her husband, "Niko is
delicate and we nust be very careful not to overload his

st omach. "

H s studies at Karlovac interested him however, and he
conpl eted the four-year course in three years, tackling the
school work with a dangerous enthusiasm partly as an
escape nechanismto divert his attention fromthe none too
pl easi ng conditions where he was living. The l|asting
favorabl e i npression which Tesla carried away from Karl ovac
concerned his professor of physics, a clever and original
experinmenter, who amazed himw th the feats he perforned

wi th | aboratory apparatus. He coul d not get enough of this
course. He wanted to devote his whole tinme henceforth to

el ectrical experinenting. He knew he woul d not be satisfied
in any other field. Hs mnd was nmade up; he had sel ect ed
his career.

H s father wote to himshortly before his graduation
advising himnot to return home when school was cl osed but
to go on a long hunting trip. Tesla, however, was anxi ous
to get home--to surprise his parents with the good news
that he had conpleted his work at the Hi gher Real Gymmasi um
a year ahead of schedule, and to announce his decision to
make the study of electricity his life work. Geatly
worried, his parents, who at that nonment were naking
strenuous efforts to protect his health, were doubly
alarmed. first, there was his violation of the instruction
sent himnot to return to Gospic. The reason for this

advi ce they had not disclosed--an epidenm c of chol era was
ragi ng. And second, there was his decision to enter on a
career which they feared woul d make dangerous demands on
his delicate health. On returning honme, he found his plan
definitely opposed. This made hi mvery unhappy. In
addition, he would shortly have to face a situation which
was even nore repugnant than entering upon a career in the
Church, and that was the compul sory three-years' service in
the Arny. Those two powerful factors were operating agai nst
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hi m and seeking to thwart himin his burning desire to
start immedi ately unraveling the nystery and harnessing the
great power of electricity.

Not hi ng, he thought, could exceed the dificulty of the
predi canment in which he found hinself. In this, however, he
was m staken, for he was soon to face a nmuch nore serious
problem On the very day after his arrival honme, while

t hese issues were still red hot, he becane ill with

chol era. He had conme honme nal nouri shed because of the

i nadequat e anmount of food to which he had been |imted and
the strain of his intense application to his studies.

Besi des, he was still suffering frommalaria. Then cane the
chol era. Now all other problens becane secondary to the

i mredi ate one of maintaining life itself against the deadly
scourge. His physical condition nade the doctors despair of
saving him Nevertheless, he survived the crisis, but it
left himin a thoroughly weakened and run-down condition.
For nine nonths he lay in bed al nost a physical weck. He
had frequent sinking spells and fromeach successive one it
seened harder to rally him

Life held no incentive for him If he survived he woul d be
forced to enter the Arny and, if nothing happened to
prevent himfromfinishing that term of sonething worse

t han sl avery, he would be forced to study for the mnistry.
He did not care whether he survived or not. Left to his own
deci sion, he would not have rallied fromearlier sinking
spells; but the decision was not left to him Sonme force
stronger than his own consci ousness carried himthrough,
but it had to succeed in spite of himand not because of
any assistance he was giving. The sinking spells canme on
with startling regularity, each one with increasing depth.
It seenmed a mracle that he had conme out of the |ast one,
and now with |l ess reserve strength he was sinking into

anot her and edging rapidly into unconsci ousness. Hi s father
entered his roomand tried desperately to rouse him and
stir himto a nore cheerful and hopeful attitude in which
he could help hinself and do nore than the doctors could do
for him but wthout results.

"1 could--get well--if you--would let me--study electrical -
-engineering," said the prostrate young nan in a hardly
audi bl e whi sper. He had scarcely enough energy left for
even this effort; and having made the speech, he seened to
be droppi ng over the edge of nothingness. Hi s father,
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bending intently over himand fearing the end had cone,
sei zed him

"Ni kol a," he conmanded, "you cannot go. you must stay. you
will be an engineer. Do you hear me? you will go to the
best engi neering school in the world and you will be a
great engi neer. N kola, you nust cone back, you nust cone
back and beconme a great engineer."

The eyes of the prostrate figure opened slowy. Now t here
was a light shining in the eyes where before they presented
a death-li ke glaze. The face noved a little, very little,
but the slight change this novenent nade seened to be in
the direction of a smle. It was a smle, a weak one, and
he was able to keep his eyes open although it was very
apparently a struggle for himto do so.

"Thank God" said his father. "you heard ne, Ni kola. you
will go to an engi neering school and becone a great
engi neer. Do you understand nme?"

There was not enough energy for voice but the sml|e becane
alittle nore definite.

Anot her crisis in which he had escaped death by the
narrowest margin had been passed. His rise out of this
situation seened al nost mraculous. It seened to him Tesla
|ater related, that fromthat instant he felt as if he were
drawing vital energy fromhis | oved ones who surrounded
him and this he used to rally hinself out of the shadow.
He was again able to whisper. "I will get well,"” he said
weakly. He breathed deeply, as deep as his frail tired
frame woul d permt, of the oxygen which he had found so
stinmulating in the past. It was the first tine he had done
so in the nine nonths since he becane ill. Wth each breath
he felt reinvigorated. He seened to get stronger by the

m nut e.

In a very short time he was taking nourishnment and within a
week he was able to sit up. In a few days nore he was on
his feet. Life now would be glorious. He would be an

el ectrical engi neer. Everything he dreamed of would cone
true. As the days passed he recovered his strength at a
remarkably rapid rate and his hearty appetite returned. It
was now early sumer. He would prepare hinself to enter the
fall termat an engi neering school.
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But there was sonething he had forgotten, everyone in the
famly had forgotten, in the stress of his nonths of
illness. It was now brought sharply to his and their
attention. An Arny summons--he nust face three years'
mlitary servitude! was his remarkabl e recovery to be
ruined by this catastrophe, which seened all the worse now
that his chosen career seened otherwi se nearer? Failure to
respond to a mlitary sunmons neant jail--and after that
the service in addition. How would he solve this problenf

There is no record of what took place. This spot in his
career Tesla gl ossed over with the statenent that his
father considered it advisable for himto go off on a
year's hunting expedition to recover his health. At any
rate, N kol a di sappeared. He left with a hunting outfit and
sone books and paper. where he spent the year, no one
knows- - probably at sone hideaway in the nountains. In the
meantime, he was a fugitive fromArny service.

For any ordinary individual this situation would be a nost
serious one. For Tesla it had all the gravity associ ated
with ordinary cases, plus the conplication that his famly
on his father's side was a traditional mlitary famly
whose nmenbers had won high rank and honors in Arny
activities, and many of whomwere now in the service of
Austria-Hungary. For a menber of that famly to becone
equi valent to a "draft dodger” and a "conscientious
objector,"” both, was a serious blowto its prestige, and
coul d provoke a scandal if word of the situation got into
circulation. Tesla's father used this circunstance and the
fact of Nikola's delicate health as talking points to

i nduce his relatives in Arny positions to use their

i nfluence to enable his son to escape conscription and
avoi d puni shnent for failing to respond to the Arny call.
In this he was successful, apparently, but required
considerable tinme in which to make the arrangenents.

H ding in the nountains and with a year's tinme to kill, on
this enforced vacation Tesla was able to indul ge i n working
out totally fantastic plans for sone gigantic projects. One
of the plans was for the construction and operation of an
under -ocean tube, connecting Europe and the United States,
by which mail could be transported in spherical containers
nmoved through the tube by water pressure. He discovered
early in his calculations that the friction of the water on
the walls of the tube would require such a trenendous
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anount of power to overcone it that it nmade the project
totally inpracticable. Since, however, he was working on
the project entirely for his own anmusenent, he elim nated
friction fromthe cal cul ati ons and was then able to design
a very interesting system of high-speed intercontinental
mai | delivery. The factor which made this interesting
project inpracticable--the drag of the water on the sides
of the tube--Tesla was later to utilize when he invented
hi s novel steam turbine.

The ot her project with which he anused hinself was drawn
upon an even larger scale and required a still higher order
of i magination. He conceived the project of building a ring
around the earth at the Equator, somewhat resenbling the
rings around the planet Saturn. The earth ring, however,
was to be a solid structure whereas Saturn's rings are nade
up of dust particles.

Tesla loved to work with mathematics, and this project gave
hi m an excell ent opportunity to use all of the mathemati cal
techni ques available to him The ring which Tesla pl anned
was to be a rigid structure constructed on a gigantic
syst em of scaffol ding extending conpletely around the
earth. Once the ring was conplete, the scaffolding was to
be renoved and the ring would stay suspended in space and
rotating at the sane speed as the earth.

Sonme use mght be found for the project, Tesla said, if
soneone could find a means of providing reactionary forces
that could nmake the ring stand still with respect to the
earth while the latter whirled underneath it at a speed of
1,000 mles per hour. This would provide a high-speed

"nmovi ng" platformsystem of transportation which would nmeke
it possible for a person to travel around the earth in a

si ngl e day.

In this project, he admtted, he encountered the sane
probl em as did Archi nedes, who said "G ve ne a ful crum and
a lever long enough and I will nove the earth.” "The
fulcrumin space on which to rest the | ever was no nore
attai nabl e than was the reactionary force needed to halt

t he spinning of the hypothetical ring around the earth,”
said Tesla. There were a nunber of other factors which he
found necessary to ignore in this project, but ignore them
he did so that they would not interfere with his

mat hemati cal practice and his cosm cal engineering plans.
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Wth his health regai ned, and the danger of punishment by
the Arny renoved, Tesla returned to his honme in Gospic to
remain a short tinme before going to Gaumtz, where he was
to study electrical engineering as his father had prom sed
he could do. This marked the turning point in his life.

Fi ni shed with boyhood dreans and play, he was now ready to
settle down to his serious life work. He had pl ayed at
bei ng a god, not hesitating to plan refashioning the earth
as a planet. His life work was to produce acconplishnents
hardly | ess fantastic than his boyhood dreans.

TESLA entered manhood with a definite know edge that

nanmel ess forces were shaping for himan unreveal ed desti ny.
It was a situation he had to feel rather than be able to
identify and describe in words. His goal he could not see
and the course leading to it he could not discern. He knew
very definitely the field in which he intended to spend his
life, and using such physical |aws as he knew he decided to
plan a |ife which, as an engi neering project, would be
operated under principles that would yield the highest

i ndex of efficiency. He did not, at this tinme, have a
conplete plan of life drawn up, but there were certain

el enents which he knew intuitively he would not include in
hi s operations, so he avoided all activities and interests
that would bring themin as conplications. It was to be a
singl e-purpose life, devoted entirely to science with no
provi si ons whatever for play or romance.

It was with this philosophy of life that Tesla in 1875, at
the age of 19, went to Gaumtz, in Austria, to study

el ectrical engineering at the Polytechnic Institute. He

i ntended henceforth to devote all his energies to mastering
t hat strange, al nost occult force, electricity, and to
harness it for human wel fare.

Hs first effort to put this philosophy to a practical test
al nost resulted in disaster despite the fact that it worked
successfully. Tesla conpletely elimnated recreation and

pl unged into his studies with such enthusiastic devotion
that he allowed hinself only four hours' rest, not all of
whi ch he spent in slunber. He would go to bed at el even

o' clock and read hinself to sleep. He was up again in the
smal | hours of the norning, tackling his studies.
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Under such a schedule he was able to pass, at the end of
the first term his exam nations in nine subjects--nearly
twice as many as were required. His diligence greatly

i npressed the nenbers of the faculty. The dean of the
technical faculty wote to Tesla's father, "your son is a
star of first rank." The strain, however, was affecting his
health. He desired to make a spectacul ar showing to
denonstrate to his father in a practical way his
appreciation of the perm ssion he gave to study

engi neering. Wen he returned to his hone at the end of the
school termw th the highest marks that could be awarded in
all the subjects passed, he expected to be joyfully
received by his father and praised for his good work.

I nstead, his parent showed only the slightest enthusiasm
for his acconplishment but a great deal of interest in his
health, and criticized N kola for endangering it after his
earlier narrow escape from death. Unknown to Tesla until
several years afterward, the professor at the Polytechnic
Institute had witten to his father early in the term
asking himto take his son out of the school, as he was in
danger of killing hinmself through overwork.

On his returnto the Institute for the second year he
decided to limt his studies to physics, nechanics and

mat hematics. This was fortunate because it gave himnore
time in which to handle a situation that arose later in his
studies, and was to lead to his first and perhaps greatest
i nventi on.

Early in his second year at the Institute there was
received fromParis a piece of electrical equipnent, a
Granme nmachi ne, that could be used as either a dynano or
motor. If turned by nechanical power it would generate
electricity, and if supplied with electricity it would
operate as a notor and produce nechanical power. It was a
di rect-current machi ne.

When Prof. Poeschl denonstrated the nmachi ne, Tesla was
greatly inpressed by its performance except in one respect-
-a great deal of sparking took place at the comut at or
Tesla stated his objections to this defect.

"It is inherent in the nature of the nmachine," replied
Prof. Poeschl. "It may be reduced to a great extent, but as
|l ong as we use commutators it will always be present to
sone degree. As long as electricity flows in one direction,
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and as long as a nagnet has two poles each of which acts
oppositely on the current, we will have to use a comutat or
to change, at the right nonent, the direction of the
current in the rotating arnmature.”

"That is obvious," Tesla countered. "The machine is limted
by the current used. | am suggesting that we get rid of the
comut ator entirely by using alternating current.”

Long before the machi ne was received, Tesla had studied the
t heory of the dynanmo and notor, and he was convi nced t hat

t he whol e systemcould be sinplified in sone way. The
solution of the problem however, evaded his grasp, nor was
he at all sure the problemcould be solved--until Prof.
Poeschl gave his denonstration. The assurance then cane to
himlike a commandi ng fl ash

The first sources of current were batteries which produced
a small steady flow. Wen nman sought to produce electricity
from mechani cal power, he sought to nmake the sane kind the
batteries produced: a steady flow in one direction. The
kind of current a dynanmo woul d produce when coils of wire
were whirled in a nagnetic field was not this kind of
current--it flowed first in one direction and then in the
other. The commutator was invented as a cl ever device for
circunventing this seem ng handi cap of artificial

el ectricity and making the current come out in a one-
directional flow.

The flash that came to Tesla was to let the current cone
out of the dynanb with its alternating directions of flow,
thus elimnating the conmmutator, and feed this kind of
current to the notors, thus elimnating the need in them
for commutators. Many another scientist had played with
that idea |ong before it occurred to Tesla, but in his case
it canme to himas such a vivid, illumnating flash of
under standi ng that he knew his visualization contained the
correct and practical answer. He saw both the notors and
dynanos operating w thout comutators, and doing so very
efficiently. He did not, however, see the extrenely

i nportant and essential details of how this desirable
result could be acconplished, but he felt an overpowering
assurance that he could solve the problem It was for this
reason that he stated his objections to the G amme nachi ne
with a great deal of confidence to his professor. what he
did not expect was to draw a stormof criticism



Prof. Poeschl, however, deviated fromhis set program of

| ectures and devoted the next one to Tesla's objections.
Wth nethodi cal thoroughness he picked Tesla' s proposal
apart and, disposing of one point after another,
denmonstrated its inpractical nature so convincingly that he
sil enced even Tesla. He ended his lecture with the
statenment: "M . Tesla will acconplish great things, but he
certainly never will do this. It would be equivalent to
converting a steady pulling force like gravity into rotary
effort. It is a perpetual notion schene, an inpossible

i dea. "

Tesl a, al though silenced tenporarily, was not convinced.
The professor had paid hima nice conplinment in devoting a
whol e | ecture to his observation, but, as is so often the
case, the conplinent was | oaded with what was expected by
the professor to be a crushing defeat for the one whom he
conplinmented. Tesla was neverthel ess greatly inpressed by
his authority; and for a while he weakened in his belief
that he had correctly understood his vision. It was as
clear-cut and definite as the visualizations that cane to
hi m of the solutions of mathematical problens which he was
al ways able to prove correct. But perhaps, after all, he
was in this case a victimof a self-induced hallucination.
All other things Prof. Poeschl taught were solidly founded
on denonstrable fact, so perhaps his teacher was right in
his objections to the alternating-current idea.

Deep down in his innernost being, however, Tesla held
firmy to the conviction that his idea was a correct one.
Criticismonly tenporarily submerged it, and soon it cane
bobbi ng back to the surface of his thinking. He gradually
convinced hinself that, contrary to his usual procedure,
Prof. Poeschl had in this case denonstrated nerely that he
did not know how to acconplish a given result, a
defficiency which he shared with everyone else in the
wor |l d, and therefore could not speak with authority on this
subject. And, in addition, Tesla reasoned, the closing
remark with which Prof. Poeschl believed he had clinched
his argunment--"It woul d be equivalent to converting a
steady pulling force like gravity into a rotary effort--was
contradi cted by Nature, for was not the steady pulling
force of gravity nmaking the noon revol ve around the earth
and the earth revolve around the sun?

"I could not denonstrate ny belief at that tine," said
Tesla, "but it came to ne through what | m ght cal
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instinct, for lack of a better name. But instinct is
sonet hi ng whi ch transcends know edge. we undoubtedly have
in our brains sone finer fibers which enable us to perceive
truths which we could not attain through | ogical

deductions, and which it would be futile to attenpt to

achi eve through any wilful effort of thinking."

H s enthusi asm and confidence in hinself restored, Tesla
tackl ed the problemw th renewed vigor. H's power of
visualization--the ability to see as solid objects before
himthe things that he conceived in his mnd, and which he
had consi dered such a great annoyance in chil dhood--now
proved to be of great aid to himin trying to unravel this
problem He nmade an el astic rebound fromthe intellectua
trounci ng adm ni stered by his Professor and was tackling

t he problemin methodical fashion.

In his mnd he constructed one machi ne after another, and
as he visioned them before himhe could trace out with his
finger the various circuits through armature and field
coils, and follow the course of the rapidly changing
currents. But in no case did he produce the desired
rotation. Practically all the remainder of the term he
spent on this problem He had passed so many exam nati ons
during the first termthat he had plenty of tine to spend
on this problemduring the second.

It seemed, however, that he was doonmed to fail in this
project, for at the termis end he was no nearer the
solution than he was when he started. Hi s pride had been
injured and he was fighting on the defensive side. He did
not know that those seemng failures in his nental and

| aboratory experinents were to serve |later as the raw

mat erial out of which yet another vision was to be creat ed.

A radi cal change had taken place in Tesla's node of life
while at Gaunmltz. The first year he had acted |i ke an
intellectual glutton, overloading his mnd and nearly
wrecking his health in the process. In the second year he
allowed nore tinme for digesting the nental food of which he
was partaking, and permtted hinself nore recreation. About
this time Tesla took to card-playing as a neans of

rel axation. H s keen nental processes and hi ghly devel oped
powers of deduction enabled himto win nore frequently than
he | ost. He never retained the noney he won but returned it
to the losers at the end of the gane. Wen he |ost,

however, this procedure was not reciprocated by the other
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pl ayers. He al so devel oped a passion for billiards and
chess, in both of which he becane renmarkably proficient.

The fondness for card-playing which Tesla devel oped at
Graumtz got himinto an enbarrassing situation. Toward the
end of the termhis father sent himnoney to pay for his
trip to Prague and for the expenses incident to enrolling
as a student at the university. Instead of going directly
to Prague, Tesla returned to Gospic for a visit to the
famly. Sitting in at a card gane with some youths of the
city, Tesla found his usual luck had deserted him and he

| ost the noney set aside for his university expenses. He
confessed to his nother what he had done. She di d not
criticize him Perhaps the fates were using this nethod for
protecting himfromoverwrk that mght ruin his health,
she reasoned, since he needed rest and rel axation. Losses
of noney were much easier to handle than | oss of health.
Borrowi ng some noney froma friend, she gave it to Tesla
with the words, "Here you are. Satisfy yourself." Returning
to the ganme, he experienced a change in |luck and canme out
of it not only wwth the noney his nother had gi ven hi m but
practically all of the university expense noney he had
previously lost. These winnings he did not return to the

| osers as was his previous custom He returned hone, gave
hi s not her the noney she had advanced him and announced

t hat he woul d never again indulge in card-playing.

I nstead of going to the University of Prague in the fall of
1878 as he had pl anned, Tesla accepted a lucrative position
that was offered himin a technical establishnent at

Mari bor, near Gaunitz. He was paid sixty florins a nonth
and a separate bonus for the conpleted work, a very
generous conpensation conpared with the prevailing wages.
During this year Tesla lived very nodestly and saved his
ear ni ngs.

The noney he had saved at Maribor enabled himto pay his
way through a year at the University of Prague, where he
extended his studies in nathenmatics and physics. He
continued experinmenting with the one big chall enging
alternating-current idea that was occupying his mnd. He
had expl ored, unsuccessfully, a |arge nunber of mnethods
and, though his failures gave support to Prof. Poeschl's
contention that he would never succeed, he was unwilling to
give up his theory. He still had faith that he would find
the solution of his problem He knew el ectrical science was
young and growi ng, and felt deep within his consci ousness
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that he woul d make the inportant discovery that would
greatly expand the infant science to the powerful giant of
the future

It would have been a pleasure to Tesla to have conti nued
his studies, but it now was necessary for himto nmake his
own living. Hs father's death, following Tesla's
graduation fromthe University at Prague, nmade it necessary
for himto be self-supporting. Now he needed a job. Europe
was extendi ng an enthusiastic reception to A exander G aham
Bel|'s new Anmerican invention, the tel ephone, and Tesl a
heard that a central station was to be installed in
Budapest. The head of the enterprise was a friend of the
famly. The situation seenmed a prom sing one.

Wthout waiting to ascertain the situation in Budapest,
Tesla, full of youthful hope and the sel f-assurance which
is typical of the untried graduate, traveled to that city,
expecting to walk into an engineering position in the new
t el ephone project. He quickly discovered, on his arrival,
that there was no position open; nor could one be created
for him as the project was still in the discussion stage.

It was, however, urgently necessary for financial reasons,
that he secure imediately a job of sone kind. The best he
coul d obtain was a nuch nore nodest one than he had
anticipated. The salary was so m croscopically small he
woul d never name the anount, but it was suficient to enable
himto avoid starvation. He was enployed as draftsman by
the Hungarian Governnent in its Central Tel egraph O ce,

whi ch included the newy devel oping tel ephone inits
jurisdiction.

It was not |ong before Tesla's outstanding ability
attracted the attention of the Inspector in Chief. Soon he
was transferred to a nore responsi bl e position in which he
was engaged in designing and in making cal cul ati ons and
estimates in connection with new tel ephone installations.
When the new t el ephone exchange was finally started in
Budapest in 1881, he was placed in charge of it.

Tesl a was very happy in his new position. At the age of
twenty-five he was in full charge of an engi neering
enterprise. H's inventive faculty was fully occupi ed and he
made many i nprovenents in tel ephone central -station
apparatus. Here he nmade his first invention, then called a
t el ephone repeater, or anplifier, but which today woul d be
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nore descriptively called a | oud speaker--an ancestor of

t he sound producer now so comon in the hone radi o set.
This invention was never patented and was never publicly
described, but, Tesla later declared, inits originality,
desi gn, performance and ingenuity it would nake a

credi tabl e show ng al ongsi de his better-known creations
that followed. H's chief interest, however, was still the
al ternating-current notor problemwhose solution continued
to elude him

Al ways an i ndefatigabl e worker, always using up his
avai l abl e energy with the greatest nunber of activities he
could crowmd into a day, always rebelling because the days
had too few hours in themand the hours too few m nutes,
and the seconds that conposed them were of too short
duration, and always hol ding hinself down to a five-hour
period of rest with only two hours of that devoted to

sl eep, he continually used up his vital reserves and
eventual ly had to bal ance accounts with Nature. He was
forced finally to discontinue work.

The peculiar nmal ady that now affected himwas never

di agnosed by the doctors who attended him It was, however,
an experience that nearly cost himhis life. To doctors he
appeared to be at death's door. The strange manifestations
he exhibited attracted the attention of a renowned
physi ci an, who decl ared nedi cal science could do nothing to
aid him One of the synptons of the illness was an acute
sensitivity of all of the sense organs. H's senses had

al ways been extrenely keen, but this sensitivity was now so
tremendousl y exaggerated that the effects were a form of
torture. The ticking of a watch three roons away sounded

i ke the beat of hamrers on an anvil. The vibration of
ordinary city trafic, when transmtted through a chair or
bench, pounded through his body. It was necessary to place
the legs of his bed on rubber pads to elimnate the

vi brations. Odinary speech sounded |ike thunderous
pandenoni um The slightest touch had the nental effect of a
t remendous bl ow. A beam of sunlight shining on himproduced
the effect of an internal explosion. In the dark he could
sense an object at a distance of a dozen feet by a peculiar
creepy sensation in his forehead. H s whol e body was
constantly wacked by twitches and trenors. Hi s pul se, he
said, would vary froma few feeble throbs per mnute to
nore than one hundred and fifty.
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Throughout this nysterious illness he was fighting with
powerful desire to recover his normal condition. He had
before hima task he nust acconplish--he nust attain the
solution of the alternating-current notor problem He felt
intuitively during his nonths of torment that the solution
was conmi ng ever nearer, and that he nust live in order to
be there when it crystallized out of his unconscious n nd.
During this period he was unable to concentrate on this or
any ot her subject.

Once the crisis was past and the synptons di m ni shed,

i nprovenent cane rapidly and with it the old urge to tackle
probl enms. He could not give up his big problem It had
become a part of him working on it was no |onger a matter
of choice. He knew that if he stopped he would die, and he
knew equally well that if he failed he would perish. He was
enneshed in an invisible web of intangible structure that
was tightening around him The feeling that it was bringing
the solution nearer to him-just beyond his finger tips--
was cause for both regret and rejoicing. That probl em when
sol ved woul d | eave a trenendous vacancy in his life, he
feared.

yet in spite of his feeling of optimsmit was still a
t remendous problemw thout a sol ution

When the acute sensitivity reduced to nornmal, permtting
himto resune work, he took a walk in the city park of
Budapest with a forner classmate, named Szigeti, one |late
afternoon in February, 1882. while a glorious sunset
overspread the sky with a flanmboyant splash of throbbing
colors, Tesla engaged in one of his favorite hobbies--
reciting poetry. As a youth he had nenorized many vol unes,
and he was now pleased to note that the terrific punishnent
his brain had experienced had not dim nished his nenory.
One of the works which he could recite from begi nning to
end was Goet he's Faust.

The prismatic panorama whi ch the sinking sun was painting
in the sky rem nded himof sonme of Goethe's beautiful
i nes:

"The glow retreats, done is the day of toil"

"It yonder hastes, new fields of Iife exploring"

"Ah, that no wing can lift me fromthe soil™
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"Upon its track to follow, follow soaring”

Tesla, tall, lean and gaunt, but with a fire in his eye
that matched the flam ng cl ouds of the heavens, waved his
arns in the air and swayed his body as he voiced the

undul ating lines. He faced the color drama of the sky as if
addressing the red-glowing orb as it flung its anorphous
masses of hue, tint and chronme across the doned vault of
heaven.

Suddenly the animated figure of Tesla snapped into a rigid
pose as if he had fallen into a trance. Szigeti spoke to
hi m but got no answer. Again his words were ignored. The
friend was about to seize the towering notionless figure
and shake himinto consciousness when instead Tesl a spoke.

"Watch nme!" said Tesla, blurting out the words |ike a child
bubbling over with enotion: "Watch nme reverse it." He was
still gazing into the sun as if that incandescent ball had
thrown himinto a hypnotic trance.

Szigeti recalled the image from Goethe that Tesla had been

reciting: "The glowretreats . . . It yonder hastes, new
fields of Iife exploring" a poetic description of the
setting sun, and then his next words-- "watch nme! watch ne

reverse it." Did Tesla nean the sun? Did he nean that he
could arrest the notion of the sun about to sink bel ow the
hori zon, reverse its action and start it rising again
toward the zenith?

"Let us sit and rest for a while," said Szigeti. He turned
himtoward a bench, but Tesla was not to be noved.

"Don't you see it?" expostulated the excited Tesla. "See
how snmoothly it is running? Now | throw this switch--and |
reverse it. See! It goes just as snoothly in the opposite
direction. watch! | stop it. | start it. There is no
sparking. There is nothing on it to spark."

"But | see nothing," said Szigeti. "The sun is not
sparking. Are you ill?"

"you do not understand,"” beaned the still excited Tesla,

turning as if to bestow a benediction on his conpanion. "It
is my alternating-current notor | amtal king about. | have
solved the problem Can't you see it right here in front of
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me, running alnost silently? It is the rotating magnetic
field that does it. See how the magnetic field rotates and
drags the armature around with it? Isn't it beautiful ?
Isn't it sublime? Isn't it sinple? | have sol ved the
problem Now | can die happy. But | nust live, | nust
return to work and build the notor so | can give it to the
world. No nmore will nen be slaves to hard tasks. My notor
will set themfree, it will do the work of the world."

Szigeti now understood. Tesla had previously told himabout
his attenpt to solve the problemof an alternating-current
not or, and he grasped the full neaning of the scientist's
words. Tesla had never told him however, about his ability
to visualize objects which he conceived in his mnd, so it
was necessary to explain the vision he saw, and that the
solution had cone to himsuddenly while they were admring
t he sunset.

Tesla was now a little nore conposed, but he was floating
on air in a frenzy of alnmost religious ecstasy. He had been
breat hing deeply in his excitenent, and the overventilation
of his lungs had produced a state of exhilaration.

Picking up a twig, he used it as a scribe to draw a di agram
on the dusty surface of the dirt wal k. As he explained the
technical principles of his discovery, his friend quickly
grasped the beauty of his conception, and far into the

ni ght they remi ned together discussing its possibilities.

The conception of a rotating magnetic field was a

maj estically beautiful one. It introduced to the scientific
worl d a new principle of sublinme grandeur whose sinplicity
and utility opened a vast new enpire of useful

applications. In it Tesla had achieved the sol ution which
hi s professor had declared was inpossible of attainnent.

Al ternating-current notors had heretofore presented what
seened an insol ubl e probl em because the nagnetic field
produced by alternating currents changed as rapidly as the
current. Instead of producing a turning force they churned
up usel ess vi bration.

Up to this tinme everyone who tried to nmake an alternating-
current notor used a single circuit, just as was in direct
current. As a result the projected notor proved to be |ike
a single-cylinder steamengine, stalled at dead center, at
the top or bottom of the stroke.
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what Tesla did was to use two circuits, each one carrying
the sane frequency of alternating-current, but in which the
current waves were out of step with each other. This was
equi val ent to adding to an engine a second cylinder. The
pistons in the two cylinders were connected to the shaft so
that their cranks were at in angle to each other which
caused themto reach the top or bottom of the stroke at
different times. The two coul d never be on dead center at
the sane tine. If one were on dead center, the other would
be off and ready to start the engine turning with a power
stroke.

Thi s anal ogy oversinplifies the situation, of course, for
Tesla's discovery was nuch nore far-reaching and
fundanmental . what Tesla had di scovered was a neans of
creating a rotating magnetic field, a magnetic whirlwind in
space whi ch possessed fantastically new and intriguing
properties. It was an utterly new conception. In direct-
current notors a fixed nagnetic field was tricked by
mechani cal neans into producing rotation in an arnmature by
connecting successively through a commutator each of a
series of coils arranged around the circunference of a
cylindrical armature. Tesla produced a field of force which
rotated in space at high speed and was able to |l ock tightly
into its enbrace an armature which required no electrica
connections. The rotating field possessed the property of
transferring wirelessly through space, by neans of its
lines of force, energy to the sinple closed circuit coils
on the isolated armature which enabled it to build up its
own magnetic field that |locked itself into the rotating
magneti ¢ whirlw nd produced by the field coils. The need
for a coomutator was conpletely elimnated.

Now that this magnificent solution of his nost dificult
scientific problemwas achieved, Tesla's troubles were not
over; they were just beginning; but, during the next two
mont hs, he was in a state of ecstatic pleasure playing with
his new toy. It was not necessary for himto construct
nmodel s of copper and iron: in his nental workshop he
constructed themin wi de variety. A constant stream of new
i deas was continuously rushing through his mnd. They cane
so fast, he said, that he could neither utilize nor record
themall. In this short period he evolved every type of
notor which was | ater associated with his nane.
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He worked out the design of dynanpbs, notors, transforners
and all other devices for a conplete alternating-current
system He multiplied the effectiveness of the two-phase
system by naking it operate on three or nore alternating
currents simultaneously. This was his fanous pol yphase
power system

The mental constructs were built with neticul ous care as
concerned size, strength, design and material; and they
were tested nentally, he maintained, by having themrun for
weeks--after which tinme he woul d exam ne them t horoughly
for signs of wear. Here was a nost unusual m nd being
utilized in a nost unusual way. If he at any tine built a
"mental machine,” his nenory ever afterward retained all of
the details, even to the finest dinensions.

The state of suprene happi ness which Tesla was enj oyi hg was
destined soon, however, to end. The tel ephone central
station by which he was enpl oyed, and which was controlled
by Puskas, that friend of the famly, was sold. Wen Puskas
returned to Paris, he reconmended Tesla for a job in the
Paris establishment with which he was associ ated, and Tesl a
gladly followed up his opportunity. Paris, he reasoned,
woul d be a wonderful springboard fromwhich to catapult his
great invention on the world.

The buddi ng superman Tesla canme to Paris |ight in baggage
but with his head filled to bursting with his wonderful

di scovery of the rotating nmagnetic field and scores of
significant inventions based on it. If he had been a

typi cal inventor, he would have gone anong people wearing a
| ook indicating that he knew sonet hing inportant, but

mai nt ai ni ng absol ute secrecy concerning the nature of his

i nventions. He would be fearful that soneone woul d steal
his secret. But Tesla's attitude was just the reverse of
this. He had sonething to give to the world and he wanted
the world to know about it, the whole fascinating story
with all the revealing technical details. He had not then

| earned, and never did learn, the craft of being shrewd and
cunning. Hs life plan was on a secul ar basis. He cared

| ess for the advantages of the passing nonent, nore for the
ultimate goal; and he wanted to give his newy discovered
pol yphase system of alternating-current to the hunman race
that all nmen could benefit fromit. He knew there was a
fortune in his invention. How he could extract this fortune
he did not know. He knew that there was a higher |aw of
conpensati on under which he woul d derive adequate benefits



fromthe gift to the world of his discovery. The method by
which this would work out did not interest himnearly so
much as the necessity for getting sonmeone to listen to the
details of his fascinating invention.

Six feet two inches tall, slender, quiet of deneanor,
meticul ously neat in dress, full of self-confidence, he
carried hinself with an air that shouted, "I defy you to

show nme an el ectrical problem| can't solve"--an attitude
that was consistent with his twenty-five years, but al so
mat ched by his ability.

Through Puskas's letter of reconmmendati on he obtained a
position with the Continental Edi son Conpany, a French
conpany organi zed to make dynanos, notors and install
lighting systenms under the Edi son patents.

He obtai ned quarters on the Boulevard St. Mchel, but in

t he evenings visited and dined at the best cafes as |ong as
his salary |asted. He nade contact with nany Americans
engaged in electrical enterprises. wherever he could get a
patient ear, anong those who had an under st andi ng of

el ectrical matters, he described his alternating-current
system of dynanos and notors.

D d soneone steal his invention? Not the slightest danger.
He could not even give it away. No one was even slightly
interested. The cl osest approach to a ni bbl e was when Dr.
Cunni ngham an Anerican, a foreman in the plant where Tesla
was enpl oyed, suggested formation of a stock conpany.

Wth his great alternating-current-systeminvention
poundi ng at his brain and demandi ng some way in which it
coul d be developed, it was a hardship for himto be forced
to work all day on direct-current machi nes. Nowadays,

t hough, his health was robust. He would arise shortly after
five o'clock in the norning, walk to the Seine, swimfor
hal f an hour, and then walk to Ivry, near the gates of
Paris, where he was enployed, a trip that required an hour
of lively stepping. It was then hal f-past seven. The next
hour he spent in eating a very substantial breakfast which
never seened suficient to keep his appetite from devel opi ng
into a disturbing factor |ong before noon.

The work to which he was assigned at the Continental Edison

Conmpany factory was of a variegated character, |argely that
of a junior engineer. In a short tine he was given a
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traveling assignment as a "trouble shooter™ which required
himto visit electrical installations in various parts of
France and Germany. Tesla did not relish "trouble shooting"
but he did a conscientious job and studied intensely the
dificulties he encountered at each powerhouse. He was soon
able to present a definite plan for inproving the dynanos
manuf act ured by his conpany. He presented his suggestions
and received perm ssion to apply themto sonme machi nes.
When tested they were a conpl ete success. He was then asked
to design automatic regulators, for which there was a great
need. These too gave an excel |l ent performance.

The conpany had been placed in an enbarrassing position and
was threatened with heavy | oss through an accident at the
railroad station in Strassburg in Al sace, then in CGernany,
where a powerhouse and electric |ights had been install ed.
At the opening cerenony, at which Enperor fiilliam | was
present, a short circuit in the wring caused an expl osi on
t hat bl ew out one of the walls. The German gover nnment
refused to accept the installation. Tesla was sent, early
in 1883, to put the plant in working order and straighten
out the situation. The technical problem presented no
dificulties but he found it necessary to use a great dea
of tact and good judgnent in handling the nass of red tape
extruded by the German governnent as precaution agai nst
further m shaps.

Once he got the job well under way he gave sone tinme to
constructing an actual two-phase alternating-current notor
enbodying his rotary-nmagnetic-field discovery. He had
constructed so many in his mnd since that never-to-be-
forgotten day in Budapest when he nmade his great invention.
He had brought materials with himfromParis for this

pur pose and found a machi ne shop near the Strassburg
station where he could do some of the work. He did not have
as nuch tinme avail able as he had expected, and, while he
was a cl ever amateur machini st, neverthel ess the work took
time. He was very fussy, naking every piece of netal exact
in dinmensions to better than the thousandth of an inch and
then carefully polishing it.

Eventually there was a m scell aneous collection of parts in
that Strassburg machi ne shop. They had been constr ucted

w thout the aid of working drawi ngs. Tesla could project
before his eyes a picture, conplete in every detail, of
every part of the machine. These pictures were nore vivid

t han any bl ueprint and he renenbered exact di nmensions which
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he had cal cul ated nentally for each item He did not have
to test parts through partial assenbly. He knew they woul d
fit.

From these parts Tesla quickly assenbled a dynano, to
generate the two-phase alternating current which he needed
to operate his alternating-current notor, and finally his
new i nduction nmotor. There was no difference between the
notor he built and the one which he visualized. So real was
the visualized one that it had all the appearance of
solidity. The one he built in the nmachine shop presented no
el enents of novelty to him It was exactly as he had
visualized it a year before. He had nental |y experi nented
with its exact counterpart and with many variations of it
during the nonths that had passed since the great vision
came to himwhile rhapsodi zi ng the sunset sky in Budapest.

The assenbly conpleted, he started up his power generator.
The time for the great final test of the validity of his
theory had arrived. He would close a switch and if the
notor turned his theory would be proven correct. If nothing
happened, if the armature of his notor just stood still,
but vibrated, his theory was not correct and he had been
feeding his mnd on hallucinations, based on fantasy not on
fact.

He closed the switch. Instantly the armature turned, built
up to full speed in a flash and then continued to operate

in alnost conplete silence. He closed the reversing swtch
and the armature instantly stopped and as quickly started

turning in the opposite direction. This was conplete

vi ndi cation of his theory.

In this experinment he had tested only his two-phase system
but he needed no | aboratory denonstration to convince him
that his three-phase systens for generating electricity and
for using this current for transm ssion and power
producti on woul d work even better, and that his single-
phase system woul d work al nost as well. Wth this working
nodel he woul d now be able to convey to the m nds of others
t he visions he had been treasuring for so |ong.

This test neant much nore to Tesla than just the successful
conpletion of an invention; it neant a triunph for his

nmet hod of discovering new truths through the unique nental
processes he used of visualizing constructs |ong before
they were produced fromnmaterials. Fromthese results he
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drew an unbounded sense of sel f-confidence; he could think
and work his way to any goal he set.

There was good reason for Tesla's self-assurance. He had
just passed his twenty-seventh birthday. It seemed to him
only yesterday that Prof. Poeschl had seem ngly so

conpl etely vanqui shed himfor saying that he could operate
a notor by alternating current. Now he had denonstrably
acconpl i shed what the | earned professor said could never be
done.

Tesl a now had avail able a conpletely novel type of

el ectrical systemutilizing alternating current, which was
much nore flexible and vastly nore efficient than the
direct-current system But now that he had it, what could
he do with it? The executives of the Continental Edison
Conpany by whom he was enpl oyed had continually refused to
listen to his alternating-current theories. He felt it
woul d be useless to try to interest themin even the
wor ki ng nodel. He had nade nmany friends during his stay in
Strassburg, anong them the Mayor of the city, M Bauzin,
who shared his enthusiasm about the commerci al
possibilities of the new system and hoped it would result
in the establishnment of a new industry that would bring
fame and prosperity to his city.

The Mayor brought together a nunber of wealthy
Strassburgers. To themthe new notor was shown in
operation, and the new systemand its possibilities

descri bed, by both Tesla and the Mayor. The denobnstration
was a success fromthe technical viewpoint but otherw se a
total loss. Not one nenber of the group showed the
slightest interest. Tesla was dejected. It was beyond his
conprehension that the greatest invention in electrica
science, with unlimted comercial possibilities, should be
rejected so conpletely.

M Bauzin assured himthat he would undoubtedly receive a
nore satisfactory reception for his invention in Paris.

Del ays of oficialdomin finally accepting the conpleted
installation at the Strassburg station, however, postponed
his return to Paris until the spring of 1884. Meanwhil e,
Tesl a | ooked forward with pl easurabl e expectancy to a
triunphant return to Paris. He had been prom sed a
substanti al conpensation if he was successful in handling
the Strassburg assignnent; also, that he would be simlarly
conpensated for the inprovenents in design of notors and
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dynanos, and for the automatic regulators for dynanops. It
was possible that this would supply himw th enough cash to
build a full -size denonstration set for his pol yphase
alternating-current system so that the trenendous

advant ages of his system over direct current could be shown
in operation. Then he would have no trouble raising the
needed capital.

When he got back to the conpany's ofices in Paris and asked
for a settlenent of his Strassburg and autonati c-regul ator
accounts, he was given what in nodern termnology is called
the "runaround.” To use fictitious nanes, as Tesla told the
story, the executive, M. Smth, who gave himthe
assignnments, now told himhe had no jurisdiction over
financial arrangenents; that was all in the hands of the
executive, M. Brown. M. Brown explained that he
adm ni stered financial matters but had no authority to
initiate projects or to make paynents other than those
directed by the chief executive, M. Jones. M. Jones
expl ai ned that such matters were in the hands of his
departnment executives, and that he never interfered with

t heir decisions, so Tesla nust see the executive in charge
of technical matters, M. Smith. Tesla traveled this
vicious circle several times with the same result and
finally gave up in disgust. He decided not to renew his
offer of the alternating-current systemnor to show his
notor in operation, and resigned his position inmediately.

Tesl a was undoubtedly entitled to an amount in excess of
$25, 000 for the regulators he designed and for his services
in Strassburg. Had the executives been endowed with even a
smattering of horse sense, or the ordinary garden variety
of honesty, they would have made an attenpt to settle for
$5, 000, at the least. Tesla, hard pressed for cash, would
undoubt edl y have accepted such an amount, although with a
feeling that he was being cheated in a | arge way.

Such an offer would probably have held Tesla on the payrol
of the conmpany and preserved for it the possession of the
worl d's greatest inventor and one who at the tine had
definitely denonstrated he was an extrenmely val uabl e

enpl oyee.

For a paltry few thousand dollars they |ost not only a man
who woul d have saved them many tines that anount every
year, but they also | ost an opportunity to obtain world
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control of the greatest and nost profitable electrica
i nvention ever nade.

One of the adm nistrators of the conpany, M. Charles

Bat chel | or, Manager of the works, who was a former

assi stant and cl ose personal friend of Thomas A. Edi son,
urged Tesla to go to the United States and work with

Edi son. There he woul d have a chance to work on

i mprovenents to the Edi son dynanbs and notors. Tesla
decided to follow M. Batchellor's suggestion. He sold his
books and all other personal possessions except a few
articles which he expected to take with him He assenbl ed
his very limted financial resources, purchased tickets for
his railroad trip and transatlantic journey to New YorKk.

H s baggage consisted of a small bundle of clothes carried
under his arm and sonme other itens stuffed into his
pocket s.

The final hours were busy ones and, as he was about to
board the train, just as it was ready to pull out of the
station, he discovered his package of baggage was m ssi ng.
Reaching quickly for his wallet, which contained his

rail road and steanship tickets and all his noney, he was
horrified to discover that that too was m ssing. There was
sone | oose change in his pocket, how nuch he did not know -
he did not have tine to count it. His train was pulling
out. what should he do? If he mssed this train, he would
al so miss the boat--but he could not ride on either wthout
tickets. He ran alongside the noving train, trying to nmake
up his mind. Hs long | egs enabled himto keep up with it
wi thout dificulty at first, but now it was gai ni ng speed.
He finally decided to junp aboard. The | oose change he

di scovered was suficient to take care of the railroad fare,
with a negligible remainder. He explained his situation to
t he skeptical steanship oficials and, when no one el se
showed up to claimhis reservations on the ship up to the
time of sailing, he was permtted to enbark.

To one as fastidious as Tesla, a |long steanship journey

wi t hout adequate clothing was a trying experience. He had
expected to encounter annoyances when getting along with

t he m ni nrum anount of clothing which he planned carrying
with him but when even that limted | ayout was | ost the
annoyance becane hardship. Coupled with this was the nenory
of di sappoi ntnent and resentnent over his recent
experiences.
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The ship offered little to interest him He explored it

t horoughly and in doing so nade sone contacts with nenbers
of the ship's conpany. There was unrest anong the crew.
There was unrest in Tesla al so. He extended synpathy to
nmenbers of the crewin their clainmed unjust treatnent. The
gri evances affecting the crew had built up one of those
situations in which a small spark can cause a | arge

expl osi on. The spark flew sonewhere on the ship while Tesla
was bel ow decks in the crew s quarters. The captain and
oficers got tough and, with sone | oyal nenbers of the crew,
decided to settle the trouble with belaying pins as cl ubs.
It quickly becanme a battle royal. Tesla found hinself in
the mddle of a fight which when anyone saw a head he hit
it.

Had Tesl a not been young as well as tall and strong, his
useful career m ght have ended at this point. He had | ong
arnms in proportion to his six feet two i nches of height.
The fist at the end of his armcould reach as far as a club
in the hands of an adversary, and his height enabled himto
tower over the other fighters so his head was not easy to
reach. He struck hard and often, never know ng for or

agai nst which side he was fighting. He was on his feet when
the fight was over, sonething which could not be said of a
score of the crew nmenbers. The oficers had subdued what
they called a nutiny, but they too carried indications that
t hey had been through a battle. Tesla was definitely not
invited to sit at the captain's table during the voyage.

He spent the remainder of his journey nursing scores of
brui ses and sitting in neditation at the stern of the ship,
which too slowy nmade its way to New York. Soon he woul d
set foot on the "land of golden prom se" and neet the
famous M. Edison. He was destined to learn that it was
really a "land of gol den prom se"--but also to discover
sonet hi ng that woul d open his eyes about the fulfillnent of
prom ses.

when Tesl a stepped out of the Inmgration Oice at Castle
Garden, Manhattan, in the sumrer of 1884, his possessions
consi sted of four cents, a book of his own poens, a couple
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of technical articles he had witten, cal culations for
designing a flying machi ne, and sone nat hemati cal work done
in an effort to solve an extrenely dificult integral. He
had M. Batchellor's letter introducing himto M. Edison,
and the address of a friend. In this letter to Edison,
Batchellor wote: "I know two great nmen and you are one of
them the other is this young man."

Lacking carfare, Tesla had to walk the several mles to his
friend' s hone. The first person he spoke to, seeking
traveling directions, was a policeman, a gruff individual.
The way he supplied the information suggested to Tesla that
he was willing to start a fight on the subject. Al though
Tesl a spoke English very well, all he understood of the
policeman's lingo was the direction in which he pointed his
cl ub.

whi |l e wal king in what he believed was the right direction,
wonderi ng how he would be able to contrive a neal and

| odgi ngs out of four cents should he be unable to |ocate
his friend, he passed a shop in which he could see a man
wor ki ng on an el ectrical machine that seened to him
famliar. He entered just as the man was about to give up
as inmpossible the task of repairing the device.

"Let me do it," said Tesla, "I will nake it operate.” And
wi t hout nore ado he tackled the job. It proved to be a
dificult task but eventually the nachi ne was worki ng agai n.

"I need a man |ike you to handl e these bl ankety- bl ank
forei gn nmachines,"” said the nan. "Do you want a job?"

Tesl a thanked himand told himhe was on his way to anot her
j ob, whereupon the nman handed himtwenty dollars. Tesla had
expected no conpensation for doing what he considered a
slight favor, and said so, but the man insisted his work
was worth that much, and he was glad to pay it. Never was
Tesl a nore thankful for a windfall. He was now assured of
food and | odgings for the tinme being. Wth the aid of

wal king directions, this time nore graciously given, he

| ocated his friend and was a guest at his honme overnight.
The next day he went to Edison's New York headquarters,
then on South Fifth Avenue (now Wst Broadway).

The introduction by M. Batchellor gave himready access to

M. Edi son, who was busily engaged in problens in
connection with his new generating station and electric-

52



Iight system-the forner |ocated i n downtown Pearl|l Street
and serving a relatively small radius of territory.

Tesl a was favorably inpressed by Edison on their first
neeting. He marveled that a nan so linmted in education
coul d acconplish so much in so technical a field as
electricity. It caused Tesla to wonder if all the tine he
had spent in gaining an education of very broad scope had
not been wasted. woul d he have been further ahead if he had
started his practical work on the basis of experience, as
Edi son had done? He definitely decided, however, before
many days had passed, that the tinme and effort he had spent
on his education constituted the w sest kind of an

i nvest nent .

Edi son, for his part, was none too favorably inpressed by
Tesl a. Edi son was an inventor who got his results by trial-
and-error nethods. Tesla cal cul ated everything nentally and
sol ved his problens before doing any "work™ on them As a
result, the two great nmen spoke an entirely different
techni cal | anguage. There was one nore very inportant

di fference. Edison belonged to the direct-current and Tesl a
to the alternating-current school of thought. The

el ectricians of that day could, and did, becone highly
enotional over their differences of opinion on this

subj ect. Discussions roused all the fervor of a religious
or political debate, and everythi ng unpl easant was
associated with the adherents on the other side of the

di scussi on. The | east unpl easant thought applied to an
opponent was that he was of a | ow order of nmentality. Wen
Tesl a ent husi astically described his pol yphase system and
told Edi son he believed alternating-current was the only
practical kind of current to use in a power-and-1lighting
system Edi son | aughed. Edi son was using direct current in
his system He told Tesla very bluntly he was not
interested in alternating-current; there was no future to
it and anyone who dabbled in that field was wasting his
time; and besides, it was a deadly current whereas direct
current was safe. Tesla did not yield any ground in the

di scussi on--nor could he nmake any progress in his effort to
get Edison to listen to a presentation of his pol yphase
power system On technical grounds, they were worlds apart.

Nevert hel ess, because of Batchellor's statenent on the
val uabl e work he had done on the Edison direct-current
machi nes in Europe, Tesla was, without rmuch formality,
given a job on Edison's staff--doing mnor routine work. A
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few weeks | ater he had an opportunity to denonstrate his
ability. Edison had installed one of his electric-Ilight

pl ants on the steanship Oregon, the fastest and nost up-to-
dat e passenger ship of that tinme. The installation worked
wel | for many nonths but finally both dynanbs went out of
comm ssion. It was inpossible to renove the dynanos and
install new ones, so it was necessary to repair the old
ones in some way--but this, Edison had been told, was

i npossi bl e without taking themto the shop. The schedul ed
sailing date of the ship had passed and Edi son was bei ng
pl aced in an enbarrassing position over the accumul ating
days of delay caused by his machines.

Edi son asked Tesla if he would go to the ship and see what
coul d be done about the situation. This was in the

af ternoon. Taki ng such instrunments as he thought he would
need, Tesla went aboard the Oregon. He found that short
circuits had caused sone of the armature coils to be burned
out; and open circuits had devel oped el sewhere on the

machi nes.

Calling on nenbers of the crew to assist him Tesla worked
t hrough the night and by 4 am had bot h machi nes runni ng as
well as they did the day they were newly installed. wal ki ng
back to the shop on lower Fifth Avenue at 5 am in the dim
early dawn he net a group of men just leaving. Init were
Edi son, Batchellor, who had returned fromParis in the
nmeanti me, and several others who had finished their night's
work and were returning to their hones.

"Here is our Parisian running around nights," said Edison.
"Am just com ng back fromthe Oregon,"” Tesla replied. "Both
machi nes are operating."

Edi son, anmazed, shook his head and turned away w t hout
another word. On rejoining the group he said to Batchellor,
| oud enough for the keen-eared Tesla to hear him
"Batchellor, this is a dam good nan."

Thereafter Tesla's status on the staff was rai sed several

| evel s and he was given closer contact with design and
operating problens. He found the work interesting and
applied hinself to it nore than eighteen hours a day, from
10: 30 amuntil 5 am every day including Sundays. Edison,
observing his industry, told him "I have had many hard-
wor ki ng assi stants but you take the cake." Tesla observed



many ways in which the dynanos could be inproved in design
to operate nore efficiently. He outlined his plan to

Edi son, and stressed the increased output and | ower cost of
operating that would result fromthe changes he suggested.
Edi son, quick to appreciate the value of increased
efficiency, replied, "There's fifty thousand dollars in it
for you if you can do it."

Tesl a desi gned twenty-four types of dynanps, elimnating
the long-core field magnets then in use and substituting
the nore efficient short cores, and provided sonme autonmatic
controls, on which patents were taken out. Mnths |ater,
when the task was finished, and sonme of the new machi nes
built and tested and found neasuring up to his prom ses,
Tesl a asked to be paid the $50,000. Edison replied, "Tesla,
you don't understand our Anerican hunor." Tesla was shocked
to discover that what he thought was a specific prom se was
bei ng tossed aside nerely as a standard practical joke of
the day. He received not a penny of conpensation fromthe
new desi gns and inventions, or for the trenendous anount of
overtinme, beyond the none too generous weekly pay. He
resigned his job inmediately. This was in the spring of
1885.

In the period of less than a year which he spent wth

Edi son, Tesla had devel oped a good reputation in electrical
circles; so when he was free he was offered an opportunity
to capitalize on it. A group of pronoters offered to forma
conpany under his nane. This | ooked |ike a possible chance
to bring out his alternating-current system and he eagerly
entered into the project. But when he urged his plan, the
pronoters informed himthey were not interested in
alternating-current. what they wanted himto devel op was a
practical arc light for street and factory illumnnation. In
about a year he devel oped the desired | anp, took out

several patents on his invention, and its manufacture and
use were under way.

From a technical point of view the venture was a success,
but Tesla hinself suffered another painful financial
experience in connection with it. He had been paid a
conparatively small salary during the period of

devel opnment. According to the agreenent, he was to receive
his principal conpensation in the formof shares of stock
in the conpany. He received a beautifully engraved stock
certificate, and then, by sone mani pul ati ons he did not
under st and, he was forced out of the conpany and aspersions
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were cast upon his ability as an engi neer and an inventor.
When he sought to convert the certificate into cash, he
found that the shares of newly organi zed conpani es of
undenonstrated power to earn dividends possess very slight
value. His opinion of financial nen in both the Ad Wrld
and the New was taking on a decidedly unconplinmentary bias.

Now came the nobst unpl easant experience of Tesla's life. He
was Wt hout a source of incone, and fromthe spring of 1886
to the spring of 1887 he was forced to work as a day

| aborer. "I lived,"” he said, "through a year of terrible
heartaches and bitter tears, ny suffering being intensified
by material want." Business conditions were none too good
in the country. Not only did he have difficulty in getting
anyone to listen to his alternating-current project, but
even in his effort to earn roomand board as a | aborer he
had trenendous conpetition, and found it none too easy to
secure the nost nenial tasks at al nobst starvation wages. He
woul d never discuss this period of his life, probably
because it was so unpl easant that he bani shed all thoughts
of it fromhis nmenory. Sone electrical repair work and even
ditch digging at $2 a day were anong the jobs he tackl ed.
He resented the utter waste of his abilities nore than the
personal degradation involved. H s education, he said,
seened a nockery.

During the winter of early 1887, while engaged in ditch
digging, he attracted the attention of the foreman of the
gang who, too, was being forced by circunstances to work
bel ow his accustoned | evel. The foreman was inpressed by
Tesla's story of his inventions and his great hopes for his
al ternating-current system Through this foreman, Tesla
said, he was introduced to M. A K Brown of the Western
Uni on Tel egraph Conpany who put up sone of his own noney
and interested a friend in joining himin Tesla' s project.

These two gentl emen organi zed and financed the Tesl a

El ectric Conpany, and in April, 1887, established a

| aboratory at 33-35 South Fifth Avenue (now West Broadway),
near Bl eecker Street, not far fromthe shop of the Edison
Conmpany. Edi son had turned down Tesla's alternating-current
i dea- -and now Tesla was his neighbor with a | aboratory of
his own, starting to devel op the conpeting idea. Wthin
this small area was to be fought the great battle of the

el ectrical industry over the question of whether direct or
alternating current should be used. Edison, already fanous,
was whol eheartedly commtted to direct current; his
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power houses were operating in several cities and, in
addition, he had the support of the fanmous financier, J. P
Morgan. Tesla, on the other hand, was unknown and had only
very nodest financial support. The direct current was
technically sinple, whereas alternating-current was
technically conpl ex. Tesla knew, however, that in these
conplexities were unlimted possibilities for useful ness.

Tesla's dark days were over. yet he was soon to discover
that the acceptance or rejection of the alternating-current
system was not based on technical facts but upon financi al
consi derations, enotional reactions and prejudices, and

t hat human nature was a bigger factor than scientific
truths. Nevertheless, in a short tinme, he would see sone of
hi s greatest hopes and dreans realized, and success in

| arge nmeasure reward his efforts.

Once he had achi eved sonething resenbling fair conditions
under which to carry on his work, the rising star of
Tesla's genius shot across the electrical heavens like a
meteor. As soon as the newly organized Tesla Electric
Conmpany opened its South Fifth Avenue | aboratories he
started the construction of a variety of pieces of dynano
el ectric machinery. It was not necessary for himto do any
cal cul ating, or work out blueprints. Everything was crystal
clear in his mnd dowm to the finest detail of each piece
of apparatus. As a result he very quickly produced the

wor ki ng units with which he denonstrated the principles of
hi s pol yphase alternating-current system The single piece
of apparatus he had built while in Strassburg, the first
nodel of the induction notor, supplied the physical proof
he needed that all the remainder of his cal cul ations were
correct.

The apparatuses built in his new | aboratory were identical
with those which he conceived during the two nonths in
Budapest follow ng the remarkable revelation of the
principle of the revolving magnetic field. He did not make
the slightest change, he said, in the nachi nes he had
mental ly constructed at that tinme. When the nmachi nes were
physically constructed not one of themfailed to operate as
he had antici pated. Five years had el apsed since he evol ved
the designs. In the nmeantine he had not comritted a line to
paper--yet he had renmenbered perfectly every | ast detail

Tesl a produced as rapidly as the nmachi nes coul d be
constructed three conplete systens of alternating-current
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machi nery--for single-phase, two-phase and three-phase
currents--and nmade experinents with four- and si x-phase
currents. In each of the three principal systens he
produced the dynanos for generating the currents, the

not ors for producing power fromthemand transforners for
rai sing and reducing the voltages, as well as a variety of
devices for automatically controlling the machinery. He not
only produced the three systens but provided nethods by

whi ch they could be interconnected, and nodifications
providing a variety of nmeans of using each of the systens.
A few nonths after opening the | aboratory he submitted his
t wo- phase notor to Prof. fi. A Anthony, of Cornel
University, for testing. Prof. Anthony reported that it had
an efficiency equal to that of the best direct-current
not or s.

Tesl a now not only constructed the nmachi nes which he

vi sual i zed but he worked out the basic mathematical theory
underlying all of the apparatus. The mathenmatical theory
was so basic that it covered not only the principles
applying to machinery for operation at 60 cycles per
second, which is the frequency now i n standard use, but
applied equally well to the whol e range of |ow and high-
frequency currents. Wth Edison direct current, it had not
been found practicable to work with potentials higher than
220 volts on distribution systens; but with alternating-
current it was possible to produce and transmt currents of
many t housands of volts, thus permtting econom cal

di stribution, and these could be reduced to the | ower

vol tages for custoner use.

Tesl a sought to obtain a single patent covering the entire
system and all of its constituent dynanos, transforners,

di stribution systens and notors. Hi s patent attorneys,
Duncan, Curtis&Page, filed the application for this patent
Cct ober 12, 1887, six nonths after the |aboratory opened
and five and a half years after Tesla had made his rotary
magnetic-field invention.

The Patent Oice, however, objected to considering such an
"omi bus" application and insisted it be broken down to
seven separate inventions, with individual applications
filed on each. Two groups of separate applications were
filed, on Novenber 30 and Decenber 23 respectively. These

i nventions were so original and covered such a virgin field
of electrical science that they encountered practically no
dificulties in the Patent Ofice and wthin about six nonths
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the patents were issued. (They were nunbered 381, 968;

381, 969; 381, 970; 382,279; 382,280; 382,281 and 382, 282.
These covered his single and pol yphase notors, his

di stribution system and pol yphase transforners. In April of
the followi ng year, 1888, he applied for and was | ater
granted five nore patents, which included the four-and
three-wire three-phase systens. These were nunbered

390, 413; 390, 414; 390, 415; 390, 721; and 390, 820. Wthin the
year he applied for and was granted ei ghteen nore: 401, 520;
405, 858; 405, 859; 416, 191; 416, 192; 416, 193; 416, 194;

416, 195; 418, 248; 424,036; 433,700; 433.701; 433,702;

433, 703; 445, 207; 445,067; 459,772 and 464, 666.)

As a succession of fundamental patents started to issue
fromthe Patent Oice to Tesla, the attention of the

el ectrical engineering profession was drawn to this
practically unknown inventor. The significance of his
epoch-maki ng di scoveri es was qui ckly grasped and he was
invited to deliver a | ecture before the Anerican Institute
of Electrical Engineers on May 16, 1888. This invitation
was evidence that he had "arrived." Tesla accepted the
invitation and put his whole heart into preparing the

| ecture which, he felt, would enable himto tell the

el ectrical world the magnificent story of his conplete
alternating-current systemand the trenendous advantages it
possessed over direct-current.

This | ecture becane a classic of the electrical engineering
field. In it Tesla presented the theory and practi cal
application of alternating-current to power engineering.
This, with his patents, described the foundation, in the
matter of circuits, machines and operation, and theory,
upon which alnost the entire electrical systemof the
country was established and is still operating today. No
new devel opnment of anything even slightly approaching
conpar abl e magni tude has been nmade in the field of

el ectrical engineering down to the present tine.

Tesla's | ecture, and the inventions and di scoveries whi ch
he included in it, established himbefore the electrica
engi neering profession as the father of the whole field of
al ternating-current power system and the outstanding
inventor in the electrical field.

It is not easy to visualize the tremendous burst of

el ectrical devel opnment and progress that cane out of
Tesla's | aboratory in the few nonths after he established
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it. He produced a tidal wave of advancenment which carried
the electrical world into the opening of the new power age
in one grand surge--although it took several years,
naturally, for the conmercial exploitation to get under
way. The world of electrical engineering was anazed,
bew | dered and nystified by the host of discoveries thrown
into its mdst in rapid succession fromthe Tesla

| aboratory, and was filled with admration for the
prodi gi ous new genius who had flared up within its ranks.

Tesl a's power system enploying high voltage for

transm ssion, released el ectrical powerhouses using direct
current fromfunctioning as purely |l ocal enterprises,
capabl e of serving an area within a radius of one mle at
the very nost. His notors used alternating-current that
coul d be econonmically transmtted hundreds of mles, and he
provi ded an econom cal two- and three-phase systemfor
transm ssion |ines.

The stupendous changes which the Tesla alternating-current
i nventions and di scoveries brought about in the electrical
i ndustry can be realized by considering the handi cap under
whi ch the direct-current powerhouses of the Edison system
had operated up to that tinme. Electricity was generated in
power houses by relatively small-size dynanps, and the
current then distributed to custonmers over copper
conductors laid in conduits under the streets. Some of the
el ectrical energy fed into these conductors at the

power house did not arrive as electricity at the far end of
the line but was converted along the route to usel ess heat
by the resistance of the conductors.

El ectrical energy is conposed of two factors, the current,
or amount of electricity, and the voltage, or the pressure
under which the current is noved. Resistance |osses were
undergone by the current regardl ess of the voltage. One
anpere of current experienced a definite | oss caused by
resistance and this | oss was the sanme whether the pressure
was 100, or 1,000 or 100,000 volts. If the current val ue
remai ned fixed, then the anount of energy transported over
awre varied with the voltage. There is, for exanple,

100, 000 tinmes as nmuch energy transported over a wire
carrying a current of one anpere at 100,000 volts as there
is when the current is one anpere and the pressure is one
vol t.

60



| f the amobunt of current carried by a wire is doubl ed, the
heat | osses are increased four fold; if the current is
tripled, these | osses are increased nine fold, and if the
current is increased four fold, the |losses rise sixteen
fold. This situation put definite limts to the anmount of
current which could be | oaded on to conductors.

In addition there is an acconpanying drop in pressure. In a
hal f-mle-1ong conductor, of the size adopted and under the
average currents carried, there would be a drop of about 30
volts. To conpensate for this, to sone extent, the dynanos
wer e designed to generate 120 volts instead of the standard
110 volts for which | anps were designed. Near the

power house the custoners woul d get excess voltage--and a
half-mle away their current would be delivered at 90
volts. The early Edison carbon | anps were none too
brilliant at 110 volts and gave nuch | ess than satisfactory
illum nation at 90 volts.

As a result of this situation the generation and
distribution of direct-electric current becane very much of
a localized matter. The Edi son power house coul d serve an
area less than a mle in dianmeter. In order to give service
to alarge city it would be necessary to have a powerhouse
in every square mle, or even closer if a uniformy
satisfactory current were to be supplied. Qutside |arge
cities the situation becanme even nore dificult. This was a
severe handicap if electricity was to becone the universal
power source.

Tesla's alternating-current power system which Edison so
enphatically rejected when it was offered to him freed
electricity fromits bondage to |local isolation. Not al one
were his alternating-current notors nore sinple and
flexible than the direct-current machines, but it was

possi ble by a highly efficient nethod of using
transforners, which consisted of two coils of wire around
an iron core, to step up the voltage and sinultaneously
step down the current in a proportionate anmount, or use the
process in reverse. The anount of energy invol ved, however,
woul d remai n practically unchanged.

Copper wire entails a heavy investnment when it is bought by
the mle. The dianeter of the wire sets the limt to the
anmount of current it will carry. Wth the Edison direct-
current systemthere was no practical way for transform ng
an electric current. The voltage remai ned fixed and when
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the current was increased to the carrying capacity of the
wire no further expansion was possible on that circuit.

Wth the Tesla systemthe anount of energy a wire would
transport woul d be increased trenendously by increasing the
vol tage and letting the current remain fixed bel ow the
carrying limt of the circuit. A very small wire could
carry a thousand or nore tines as nmuch el ectrical energy in
t he Tesl a pol yphase alternating systemas it could in the
Edi son direct-current system

By using Tesla's alternating-current systemelectricity
could be delivered economcally at vast distances fromthe
power house. It would be possible, if desired, to burn coal
at the mouth of a mne for generating electricity, and
deliver the current cheaply at distant cities, or to
generate electricity where water power was avail able and
transmt it to distant points where it could be used.

Tesla rescued the electrical giant fromthe apron strings
of the powerhouse and gave it geographical freedom the
opportunity to expand into the w de-open spaces and work
its magic. He laid the foundation for our present

super power system A devel opnent of such magnitude was
bound to be | ocaded with dynamte, and action was sure to
foll ow as soon as soneone set a match to the fuse.

TESLA' S spectacul ar | ecture and denonstration before the
Anmerican Institute of Electrical Engineers in New York
focused on his work the attention of the electrical
fraternity throughout the world. There was no doubt in the
m nd of the vast majority of electrical engineers that
Tesla's discoveries created a new epoch in the electrica

i ndustry. But what could be done about it? There were few
manuf acturers who coul d take advantage of it. H's

di scoveries were in the same predi canent as a ten-pound
di anond. No one woul d question the val ue of the stone but
who would be in a position to purchase it or nake any use
of i1t?
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Tesl a had given no specific thought to comrercializing his
work at this tine. He was in the m dst of a program of
experimental work which was far from conplete and he
desired to finish it before engaging in another |ine of
activity. He expected that there would be no alternative to
establishing his own conpany and engaging in the

manuf acture of his dynanps, notors and transforners. Such a
course woul d take himaway fromthe original experinenta
wor k which greatly fascinated him and which he did not
wish to interrupt. Commrercializing his inventions,
therefore, was a problemthat could be postponed, as far as
he was concerned, at least as long as the present financing
of his work conti nued.

CGeorge Westinghouse, head of the Westinghouse El ectric
Company in Pittsburgh, was a man of vision. He was al ready
famous as an inventor of nunerous electrical devices but
principally for his air brake for trains, and had nade a
fortune out of the exploitation of his own inventions. He
recogni zed the trenmendous conmercial possibilities
presented by Tesla's discoveries and the vast superiority
of the alternating- over the direct- current system He was
a practical man of business and was not limted in his

choi ce between the two systens.

Edi son, head of the Edison General Electric Conpany, on the
ot her hand, was under a limtation. Edison's invention was
t he i ncandescent electric | anp. Havi ng devel oped this
project, he was faced with finding sonme way to use it
commercially. In order to sell his lanps to the public it
was necessary to nmake the electricity available for
lighting them This necessitated the building of

power houses and di stribution systens. Another kind of
electric lanmp was al ready avail able--the arc | anp--in which
he was but slightly interested. The Edi son system

power houses were standardi zed on | ow vol tage direct

current. At that tine direct-current notors were in use,
and nost technical nmen believed it was not at all l|ikely
there woul d ever be a practical alternating-current notor.
The direct-current system therefore, offered a nunber of
advant ages of a practical nature from Edi son's vi ewpoi nt.

West i nghouse had no pet project conparable to the

i ncandescent | anp around which he had to throw protecting
condi tions such as direct-current limtations, so he could
| ook at the Tesla alternating-current discoveries from an
unbi ased and purely objective point of view. He reached his
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decision a nonth after Tesla's |ecture. Having done this,
he forwarded a brief note to Tesla, naking an engagenent to
see himin the latter's | aboratory.

The two inventors had not previously net but each of them
was well acquainted with the other's work. Westinghouse,
born in 1846, was ten years ol der than Tesla. He was a
short, stout, bearded, inpressive-looking individual, and
had a habit of directness in conducting his affairs that
anounted al nost to bluntness. Tesla, thirty-two years ol d,
was tall, dark, handsone, slender and suave. They nade a
strongly contrasting pair as they stood in Tesla's

| aboratory, but they had three things in comon: they both
were inventors, engineers and |oved electricity. Tesla had
in his | aboratory dynanos, transforners, and notors with
whi ch he could denonstrate his discoveries and nodels in
actual operating conditions. Here Wstinghouse was right at
home and qui ckly becane conpletely sold on the inventor and
his inventions.

So favorably i npressed was Westinghouse that he decided to
act quickly. The story was related to the author by Tesl a.

“I will give you one mllion dollars cash for your
alternating-current patents, plus royalty," Wstinghouse
blurted at the startled Tesla. This tall, suave gentl eman,

however, gave no outward sign that he had al nost been
bow ed over by surprise.

"If you will make the royalty one dollar per horsepower, |
will accept the offer,” Tesla replied.

"Amllion cash, a dollar a horsepower royalty,"
West i nghouse repeat ed.

"That is acceptable,” said Tesl a.

"Sol d," said Westinghouse. "you will receive a check and a
contract in a few days."

Here was a case of two great nen, each possessed with the
power of seeing visions of the future on a gigantic
panorama, and each with conplete faith in the other,
arrangi ng a trenendous transaction with utter disregard of
details.



The amount invol ved was unquestionably a record one, for
that tinme, for an invention. while Tesla liked to think of
his conpl ete pol yphase system as a single invention, he
was, neverthel ess, selling about twenty inventions on which
patents were al ready issued, and about as many nore stil

to issue. Wth a total of forty patents involved in the
transaction, nost of themstrongly basic in nature, he
recei ved, therefore, about $25,000 per patent. Wstinghouse
t her eby obtai ned a record-breaki ng bargain by buying the
patents i n whol esal e quantities.

West i nghouse arranged with Tesla to conme to Pittsburgh "at
a high salary" for a year, to act as consultant in the
commerci al application of his inventions. The generous

of fer made by the Pittsburgh nagnate for the purchase of
his patents nmade it unnecessary for Tesla to have any nore
worries about having to devote a major portion of his tine
to exploiting his inventions conmercially through his own
conpany. He could afford, therefore, to give this year of
his tine.

The apparatus which Tesla denonstrated to Westinghouse when
the latter visited his |aboratory, and which worked so
beautifully, was designed for operation with a current of
60 cycles. Tesla's investigation had denonstrated that this
was the frequency at which the greatest efficiency of
operation could be achi eved. At higher frequencies there
was a saving in the amount of iron required; but the drop
in efficiency, and design dificulties that devel oped, were
not conpensated for by the very small saving in cost of
nmetal. At |ower frequencies the anmount of iron required

i ncreased, and the apparatus grew in size faster than

i ncreased efficiency justified.

Tesla went to Pittsburgh and expected to clear up al
problens in |l ess than a year. Here, though, he encountered
engi neers who faced the problem of producing a notor with a
design that would insure, first, certainty of snoboth and
reliabl e operation; second, econony of operation; third,
econony in use of materials; fourth, ease of manufacture;
as well as other problens. Tesla had these problens in mnd
but not with the urgency with which the engi neers faced
them In addition he was quite adamant in the choice of 60
cycles as the standard frequency for alternating current
whi | e engi neers, who had experience on 133 cycles, were not
so sure that the |lower frequency would be best for the
Tesla notors. At any rate there was conflict between the
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inventor, interested mainly in principles, and engi neers
interested in practical design problens. Very definite
probl ems were encountered in meking the Tesla notor work on
a single-phase current in small sizes. In this type of
design, artifices had to be incorporated in the notor to
achi eve sonme of the characteristics of a two-phase current
fromthe single-phase current that was supplied to operate
it.

Tesl a was thoroughly disgusted with the situation. He felt
hi s advi ce concerning his own invention was not being
accepted, so he quit Pittsburgh. Westinghouse was sure the
situation would work itself out. Seeking to persuade Tesl a
to remain, he offered him Tesla reveal ed many years | ater,
twenty-four thousand dollars a year, one third of the net

i ncome of the conpany and his own | aboratory, if he would
stay on and direct the devel opnent of his system Tesla,
now weal thy and anxious to return to original research,
rejected the offer

Devel opnent work proceeded after Tesla left, and soon
practical designs were produced for all sizes of notors and
dynanos, and their manufacture started. Tesla was happy to
note that the 60-cycle standard, his enphatic choice, but
whi ch had been questioned on the ground it was |ess
practical in small units, had been adopted as the standard
frequency.

On returning to his New York | aboratory, Tesla declared
that he had not made a single worth-while contribution to
el ectrical science during the year he spent at Pittsburgh.
"I was not free at Pittsburgh,” he explained; "I was
dependent and could not work. To do creative work | nust be
conpletely free. When | becane free of that situation ideas
and inventions rushed through nmy brain Iike a Niagara."
During the followi ng four years he devoted a | arge fraction
of his time to further devel opnents of his pol yphase power
system and applied for, and was granted, forty-five
patents. Those granted in foreign countries would bring the
total to several tines this nunber.

The ideas of the two giants anong inventors--Edi son and
Tesl a--were neeting in head-on battle. Qut of the

| aboratories of the two geniuses, within sight of each
other in South Fifth Avenue in New York, had cone worl d-
shaki ng devel opnents.
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There had been considerable conflict between Edi son, who
adhered strictly to direct current, and those who supported
the clains for alternating current. The Thonson- Houston
Conmpany and t he Westi nghouse El ectric Conpany had
extensively developed this field for series electric
lighting and arc lighting before the Tesla power system was
devel oped. Edi son had engaged in many tilts at these
conpetitors, attacking alternating-current as unsafe
because of the high voltages used. The advent of the Tesla
system added fuel to the fire.

It was Tesla's belief that when the New York State Prison
authorities adopted high-voltage alternating current for

el ectrocution of condemed prisoners, the Edison interests
had engi neered the project to discredit alternating
current. There is no doubt about the aid the prison
authorities' choice gave the direct-current group; but

t heir deci sion was undoubtedly based on the fact that
direct current could not, by any practical neans, be
produced at the high voltages required, whereas

al ternating-current potentials could be very easily
increased. Direct current is just as deadly, at the sane
vol tage and anperage, as alternating current. In this "war
of the currents,” however, as in other wars, appeal to the
enotions, instead of to sinple facts, were the governing

i nfl uences.

The task of putting the United States on an el ectri cal
power basis--which is what George Westinghouse undert ook
when he began to exploit the Tesla patent--was a gigantic
one requiring not only engineering talent but capital. The
West i nghouse El ectric Conpany experienced a trenendous
expansion in the volune of its business, but the upward
surge cane at a tinme when the country was going into a
stage of commercial and financial depression; and
West i nghouse soon found hinself in dificulties.

This was, in addition, an era in which conpeting giant
financial interests were battling for control of the

i ndustrial structure of the country through control of
capital. It was a tine of nmergers, a period when the
financial interests were building |arger units of
production by uniting snmaller conpanies in related fields,
frequently forcing these conbinations without regard to
what the owners of the conpani es desired.
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One nerger, internally initiated and arranged by nut ual
consent, brought together the Thonmson- Houst on Conpany and

t he Edi son CGeneral Electric Conpany, the two biggest
conpetitors of Westinghouse Electric, to formthe present
CGeneral Electric Conpany. This was a challenge to conpeting
financial interests.

West i nghouse had expanded his business at a very rapid rate
in exploiting the Tesla patents. Because his financi al
structure thereby lost a certain anmount of flexibility, he
becanme vul nerable to financial operators and soon found

hi mself in the toils of a nerger that involved uniting
several other small conpanies with his organi zation.
Financial interests that had stepped into the situation
demanded that the Westinghouse El ectric Conpany be
reorgani zed as a step toward bringing about a merger with
it of the U S. Electric Conpany and the Consoli dated

El ectric Light Conmpany, the new unit to be known as the
West i nghouse El ectric and Manufacturing Conpany.

Before this reorgani zati on woul d be consunmmated t he
financial advisers, in strategic positions, insisted that
West i nghouse jettison sonme of his plans and projects which
t hey considered i nadvisable or a detrinment to getting the
new conpany onto a new foundation that woul d be sounder
froma financial point of view

One of the requirenments was that Westinghouse get rid of
the contract with Tesla calling for royalty paynents of $1
per horsepower on all alternating-current articles sold
under his patents. (No documentary evidence exists
concerning this contract. The author |ocated two sources of
information. One was in conplete agreenent with the story
here related. The other states that the m|llion-dollar
paynent was advance royalties and Tesla so described it to
him declaring no further royalties were paid.) The
financial advisers pointed out that if the business which
West i nghouse expected the conpany woul d do under the Tesla
patents in the ensuing year was anywhere near as great as
estimated, the anount to be paid out under this contract
woul d be tremendous, totaling mllions of dollars; and
this, at the tinme of reorgani zati on, appeared a dangerous
burden, inperiling the stability which they were trying to
attain for the new organization

West i nghouse strenuously objected to the procedure. This
patent-royalty paynent, he insisted, was in accordance with
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usual procedures and woul d not be a burden on the conpany,
as it was included in costs of production, was paid for by
the custoners, and did not conme out of the conpany's
ear ni ngs. Westinghouse, hinself an inventor of first
magni t ude, had a strong sense of justice in his dealings
Wi th inventors.

The financial advisers, however, were not to be overrul ed.
They nail ed Westinghouse on the spot by insisting that the
mllion dollars he had paid Tesla was nore than adequate
conpensation for an invention, and that by making such an
exor bi tant paynment he had inperiled the financial structure
of his conpany and j eopardi zed his bankers' interest. Any
further inperiling of the reorganization by any effort to
retain the royalty contract would, it was argued, result in
the withdrawi ng of support that would save the conpany.

The situation boiled down to the conmmon "Either-O"
t echni que.

West i nghouse was required to handl e the negotiations with
Tesla. No situation could be nore enbarrassing to him
Nevert hel ess, Westinghouse was a realist anong realists. He
never hesitated to face facts squarely and with a bl unt
directness. "I will give you one mllion dollars cash for
your al ternating-current patents, plus royalty": he had
been both brief and bl unt when he purchased the patents
from Tesla. Now he was faced with the probl em of undoi ng
the situation into which he had entered wth such brevity.
Then noney tal ked and he held the noney. Now Tesla held the
dom nant position; he held a perfectly valid contract worth
many mllions, and he could go to court to force conpliance
withits terns. Edison's successful suit against infringers
of his electric-light patent, bringing disaster to many
conpani es that violated his patent property rights, had
caused the whole industrial world to hold a new and

whol esone respect for patent rights.

West i nghouse had no reason for believing that Tesla would
show the slightest inclination to relinquish his contract
or permt its terms to be changed to provide a snmaller rate
of royalty. He knew that Tesla's pride had been hurt by the
di sagreenent with the Pittsburgh engi neers, and that he

m ght not now be in a conciliatory nmood. On the other hand,
West i nghouse knew t hat he had succeeded in having Tesla's

i deas adopted. H s greatest confort cane fromthe fact that
he had entered into the contract with good faith--and with
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the sane good faith he was trying to handle a nuch |ess
satisfactory situation. Perhaps he could offer Tesla an
executive position in the conpany in lieu of the contract.
There woul d be nutual advantages in such an arrangenent.

There is no nmeans of fixing the definite value of the
contract Tesla held. H's patents covered every depart nent
of the new alternating-current power system and royalties
coul d be coll ected on powerhouse equi pnrent and notors. At
that time the electric power industry had barely started;
no one could |ook into the future and see the tremendous
vol une of business that woul d be devel oped. (The | atest
data available indicate that in 1941 there was 162, 000, 000
hor sepower of el ectrical generating machinery in operation
inthe United States, practically all of it for alternating
current. Assuming a uniformgrowh from 1891 to 1941, the
install ed horsepower in 1905, when the first Tesla patents
woul d have expired, would have been about twenty mllion.
This figure is, apparently, too high.

According to a census of central stations in the United
States conducted by T. Commerford Martin (Electrical Wrld,
March 14, 1914) the horsepower of generators in operation
in 1902 was 1,620,000 and in 1907 the figure had risen to
6, 900, 000. On a pro rata, per-year basis, this would nake
the figure for 1905, the year when Tesla's first patents
expired, 5,000,000. During this period many manufacturers
who had been using steam power installed dynanps in their
factories and operated isolated plants. These woul d not be
included in the central-station figures and, if added,
woul d bring the total horsepower to perhaps 7,000, 000.
Tesl a woul d have been entitled to $7, 000,000 royalties on
t hi s equi pnent, on the basis of his $1-per-horsepower
arrangenent. In addition he would have been entitled to
royalties on notors that used the power generated by these
dynanos. |If only three quarters of the current generated
were used for power, this would have entitled himto
additional royalties of $5,000,000, or a total of

$12, 000, 000.)

It would be a tough job for any executive, no matter how
shrewd or clever, to talk a man out of a contract that
woul d net himmny mllions of dollars, or induce himto
accept a reduction in rates amounting to mllions.

West i nghouse called on Tesla, neeting himin the sane South
Fifth Avenue | aboratory where he had purchased the patents
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four years before. Wthout prelimnaries or apol ogies
West i nghouse expl ai ned the situation.

"your decision," said the Pittsburgh magnate, "determ nes
the fate of the Westinghouse Conpany."

"Suppose | should refuse to give up ny contract; what would
you do then?" asked Tesl a.

"In that event you would have to deal with the bankers, for
| would no | onger have any power in the situation,”
West i nghouse replied.

"And if | give up the contract you will save your conpany
and retain control so you can proceed with your plans to
gi ve ny pol yphase systemto the worl d?" Tesla continued.

"I believe your polyphase systemis the greatest discovery

inthe field of electricity,” Wstinghouse explained. "It
was ny efforts to give it to the world that brought on the
present difficulty, but | intend to continue, no matter

what happens, to proceed with ny original plans to put the
country on an alternating-current basis.”

"M . Westinghouse," said Tesla, drawing hinself up to his
full height of six feet two inches and beam ng down on the
Pittsburgh nmagnate who was hinself a big nan, "you have
been ny friend, you believed in me when others had no
faith; you were brave enough to go ahead and pay ne a
mllion dollars when others |acked courage; you supported
me when even your own engi neers | acked vision to see the
bi g things ahead that you and | saw, you have stood by ne
as a friend. The benefits that will come to civilization
fromny pol yphase system nean nore to nme than the noney

i nvol ved. M. Westinghouse, you will save your conpany so
that you can devel op ny inventions. Here is your contract
and here is ny contract--1 wll tear both of themto pieces
and you will no | onger have any troubles frommy royalties.
| s that suficient?"

Mat ching his actions to his words Tesla tore up the
contract and threw it in the waste basket; and
West i nghouse, thanks to Tesla's nagnificent gesture, was
able to return to Pittsburgh and use the facilities of the
reor gani zed conpany, which becane the present Westi nghouse
El ectric and Manufacturing Conpany, to make good his

71



prom se to Tesla to nake his alternating-current system
available to the worl d.

Probably nowhere in history is there recorded so

magni ficent a sacrifice to friendship as that involved in
Tesl a's stupendous gift to Westinghouse of $12, 000, 000 in
unpai d royal ties, although Westinghouse personally received
only indirect benefits fromit.

It is also probable that the failure to pay Tesla these
royalties resulted in one of the greatest handicaps to
scientific and industrial progress which the hunman race has
experienced. A few years later Tesla, still an intell ectua
giant far fromthe peak of his greatest growth, still
pouring forth a profusion of inventions and di scoveries of
first magnitude, equal in inmportance to his first efforts
whi ch put the world on an electrical power basis, found

hi rsel f wi thout funds with which to develop his

di scoveries, with the result that many of them have been

| ost.

Nearly fifty years after this mpjestic relinquishnent of
wealth on the altar of friendship, during which tine Tesla
had had opportunity to see the United States and t he world
as a whol e wax weal thy out of the power he had nade
avai l able, he was called on to respond, with a speech, to
honorary citation by the Institute of Immgrant Wl fare.
Tesla, then about eighty, was unable to appear in person.
He had experienced decades of poverty in which he faced
ridicule for his failure to devel op inventions which he
decl ared he had nmade, and had been forced to nove
frequently fromhotel to hotel, owing to inability to pay
his bills. In spite of these experiences he devel oped no
rancor toward Westinghouse in whose behalf he sacrificed
his $12,000,000 in royalties. Instead, he retained his
original warmfriendship. This is indicated by a statenent
in the speech he sent to the Institute to be read at its
di nner held in the Hotel Biltnore, May 12, 1938:

"George Westinghouse was, in ny opinion, the only man on
this gl obe who could take ny alternating-current system
under the circunstances then existing and win the battle
agai nst prejudi ce and noney power. He was a pioneer of

i nposi ng stature, one of the world s true noblenen of whom
Anerica may well be proud and to whom hurmanity owes an

i mense debt of gratitude.”
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when Tesla | eft the Westinghouse plant at Pittsburgh in
1889 to return to his laboratory in New York, he entered a
new worl d. The nmagnificent pol yphase system which he had
al ready produced was but a small sanple of the greater
wonders that still remained to be reveal ed, and he was
anxious to start exploring the new realm

He was not approaching an entirely unknown real min which
he woul d have to feel his way in darkness in the hope of
stunbl i ng upon sonething of val ue, although anyone el se at
that time woul d have been in that position. On that fateful
afternoon in February in Budapest in 1882, when he was
given the vision of the rotating nagnetic field, there had
come with it an illumnation that revealed to himthe whol e
cosnobs, inits infinite variations and its nyriad of forns
of manifestations, as a synphony of alternating currents.
For him the harnonies of the universe were played on a
scal e of electrical vibrations of a vast range in octaves.
In one of the | ower octaves was a single note, the 60-

cycl e-per second alternating current, and in one of the

hi gher octaves was visible light with its frequency of
billions of cycles per second.

Tesla had in mnd a course of experinentation in which he
woul d explore this region of electrical vibration between
his alternating current and |ight waves. He woul d increase
the frequency of the alternating current through the
unknown i ntervening regions. |If one note in a | ower octave
produced such a magnificent invention as the rotating
magnetic field and the pol yphase system who coul d i magi ne
the glorious possibilities that |ay hidden on other notes

i n higher octaves? And there were t housands of octaves to
be explored. He would construct an electrical harnoni um by
producing electrical vibrations in all frequencies, and
study their characteristics. He would then, he hoped, be
able to understand the notif of the cosm c synphony of

el ectrical vibrations that pervaded the entire universe.

Tesla, at the age of thirty-three, was now weal thy. He had
recei ved $1, 000, 000 fromthe Westinghouse Conpany for his
first crop of inventions. O this, $500,000 went to A K
Brown and his associate who had financed his experinents.
Still greater inventions were to follow. He woul d never
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need noney. He woul d, he then believed, have royalties in
the mllions fromhis alternating-current patents. He could
spend as freely as he w shed, penetrating the secrets of
Nat ure and appl ying his discoveries to human wel fare. It
was his responsibility to be so engaged. He knew he was
gifted as no other man had been bl essed with vision, talent
and ability; and he in turn would endow the world with
supernal treasures of scientific know edge which he would
extract fromthe secret recesses of the universe and,
through the activities of his mghty mnd, transforminto
agencies to brighten the lives, lighten the I abors and

i ncrease the happi ness of the human race.

was he a superegoist in his attitude? If so, he was not
activated by selfish notives. To himit mattered not what
he thought, so long as he renmi ned objective in his

t hi nki ng and his thoughts could be translated into
denonstrabl e facts. what if he did consider hinself greater
than other men: did not this viewpoint conformto the
facts? Suppose he did consider hinself a man of destiny.
Coul d he not bring evidence to support the contention? It
was not necessary for Tesla actually to see an event occur
in order to enjoy its realization. Had he not as a youth
decl ared that he would rmake a practical alternating-current
nmotor, only to be told by his professor that the goal was

i npossi bl e of attai nment--and had he not already
acconplished this "inpossibility"? Had he not taken the

di rect-current dynanos of Edison, whomall the world | ooked
upon as a great genius, and had he not greatly inproved

t heir design and operation; and in addition, had he not
produced a vastly superior system for producing,
distributing and using electricity? To all of these
inquiries Tesla could answer in the afirmative w thout
goi ng beyond the bounds of nobdesty concerning his

achi evenent s.

H s attitude was not that of an egoist. It was an attitude
of suprenme faith in hinmself and in the vision that had been
given him To a man of ability, with such suprene faith in
hi msel f, and necessary financial resources to advance his
pur poses, the world of acconplishnments is without limts.
This was the picture of Tesla as he returned to his

| aboratory in lower Fifth Avenue, New York, in the latter
part of 1889.

Tesl a had studied a wi de range of frequencies of
alternating current in order to select the frequency at
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whi ch hi s pol yphase system woul d operate nost efficiently.
Hi s calculations indicated i nportant changes in
characteristics and effects as the frequency of the current
was increased; and his observations with the electrical
machi nery he built confirnmed his cal cul ati ons. He noted
that ever smaller quantities of iron were required as the
frequencies were increased, and he now wi shed to explore
the very high frequencies at which unusual effects should
be produced without any iron in the magnetic circuit.

When, back in Budapest followi ng his rotating magneti c-
field discovery, he had played with nental cal cul ati ons of
the properties of alternating currents all the way fromthe
very | owest frequency up to that of light, no one had yet
explored this region. James C erk Maxwel |, at Canbridge

Uni versity, England, had, however, nine years before, in
1873, published his beautiful presentation on an

el ectromagnetic theory of |light, and his equations
indicated that there was a vast range of el ectro-magnetic
vi brations above and bel ow visible |ight--vibrations of
much | onger and nuch shorter wavel engths. while Tesla was
engaged i n maki ng nodel s of his pol yphase systemin 1887,
too, Professor Heinrich Hertz, in Germany, put the Maxwel |
theory to test in the range of waves a few neters |long. He
was abl e to produce such waves by the spark di scharge of an
i nduction coil, and was able to absorb such waves from
space and change them back to a snmall spark at sone

di stance fromthe coil.

Hertz's work gave support to Tesla's theory that there was
an interesting discovery to be made on al nbost every note of
t he whol e gamut of vibrations between the known ones of the
el ectrical current and those of light. Tesla felt sure that
if he could continually increase the frequency of

el ectrical vibrations until they equaled that of |ight, he
woul d be able to produce |ight by a direct and highly
efficient process instead of the extrenely wasteful process
used in the Edi son incandescent |anp, in which the useful
Iight waves were a very small fraction of the wasted heat
waves emtted in the process, and only five per cent of the
el ectrical energy was effectively utilized.

Tesla started his investigations by building rotary
alternating-current dynanbs with up to 384 nagnetic pol es,
and with these devices he was able to generate currents up
to 10,000 cycles per second. He found that these high-
frequency currents presented many fascinating possibilities
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for even nore efficient power transm ssion than his very
practical 60-cycle pol yphase system He therefore carried
on a parallel line of research into transforners for

rai sing and | owering the voltage of such currents.

H gh-frequency alternating-current dynanos, simlar to

t hose designed by Tesla in 1890, were subsequently

devel oped by F. W Al exanderson into the high-power
wireless transmtters which put transatlantic wrel ess
transm ssion, nore than two decades |ater, on such a sound
practical basis that the Governnment woul d not permt
control of it to go to a foreign country and preserved for
the United States its predom nant position in world

W rel ess.

The hi gh-frequency current transformers which Tesla

devel oped proved to be spectacul ar perfornmers. They
contained not a trace of iron; as a matter of fact, the
presence of iron was found to interfere with their
operation. They were air-core transforners and consi sted
merely of concentric primary and secondary coils. The

vol tages he was able to produce with these transforners,
whi ch became known as Tesla coils, were very high. In the
early experinments he attained potentials that would spark
across a couple of inches of air, but in a short tinme he
made trenendous progress and was producing flam ng

di scharges. In working with these voltages he encountered
dificulties in insulating his apparatus, and so he

devel oped the technique that is now in universal use in
hi gh-tensi on apparatus: that of inmersing the apparatus in
oil and excluding all air fromthe coils, a discovery of
great commercial inportance.

There was a limt, however, above which the use of rotary
generators of high-frequency currents was not practicabl e,
so Tesla set about the task of developing a different type
of generator. There was nothi ng novel about the basic idea
he enployed. In rotary dynanos, current is generated by
nmoving a wire in a circle past a nunber of magnetic pol es

i n succession. The sane effect can be attained by noving
the wire back and forth with an oscillating notion in front
of one magnetic pole. No one, however, had as yet produced
a practical reciprocating dynano. Tesla produced one that
was extrenely practical for his particul ar purpose; but
otherwise it had little utility, and he later felt that he
coul d have enpl oyed rmuch better the tinme he spent on it. It
was an ingeni ous single-cylinder engine wthout valves, and

76



coul d be operated by conpressed air or steam It was
supplied with ports like a snmall two-cycle marine engine. A
rod extended fromthe piston through the cylinder head at
either end, and at each end of the rods was attached a fl at
coil of wire which, by the reciprocating action of the

pi ston, was caused to nove back and forth through the field
of an el ectromagnet. The magnetic field through its
cushioning effect served as a flywheel.

Tesla was able to obtain a speed of 20,000 oscillations per
m nute, and to maintain such a remarkabl e degree of
constancy in operation that he proposed the mai ntenance of
equal |y constant speed of operation for his 60-cycle

pol yphase system and the use of synchronous notors, geared
down to the proper extent, as clocks whi ch would furnish
correct tinme wherever alternating current was avail abl e.
Thi s proposal furnished the foundation for our nodern

el ectric clocks. As with many another of his practical and
useful suggestions, he did not take out a patent on the

i dea, and gained no financial advantage fromit.

In working with his pol yphase system Tesla gained a

t hor ough under standi ng of the part played by the two
factors, capacity and inductance, in alternating-current
circuits; the former acting like a spring and the latter
like a storage tank. His calculations indicated that with
currents of suficiently high frequency it would be possible
to produce resonance with relatively small val ues of

i nduct ance and capacity. Producing resonance is tuning a
circuit electrically. The mechani cal effects anal ogous to
el ectrical resonance are the causing of a pendulumto sw ng
through a wide arc by giving it a series of very |ight but
equally tinmed touches, or the destruction of a bridge by
soldiers marching in unison over it. Each small vibration
re-enforces its predecessors until trenmendous effects are
built up.

In a tuned electrical circuit a condenser supplies the
capacity and a coil of wire supplies the inductance. A
condenser ordinarily consists of two parallel netal plates
separated from each other a short distance by an insulating
material. Each plate is connected to either end of the

i nductance coil. The size of the condenser and the coil is
determ ned by the frequency of the current. The coil-
condenser conbi nation and the current are tuned to each

ot her. The current can be pictured as flowing into the
condenser until it is fully charged. It then flows
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el astically into the inductance coil, which stores the
energy by building up its magnetic field. Wen the current
ceases to flowin the coil, the magnetic field coll apses
and gives back to the coil the energy previously used in
buil ding up the nagnetic field, thus causing a current to
fl ow back into the condenser to charge it up to overfl ow ng
again, so that it is ready to repeat the process. This flow
back and forth between the condenser and coil takes place
in step with the periodic reversal of the alternating
current which supplies the energy when resonance is
established. Each tine it takes place, the charging current
cones along at the right instant to give it a boost, so
that the oscillations build up to trenendous val ues.

Tesla, in discussing this plan of electrical tuning of
circuits in a lecture, given several years |ater, said:

The first question to answer then is whether pure resonance
effects are produci ble. Theory and experi nent show t hat
such is inpossible in nature for, as the oscillations
become nore vigorous, the losses in vibrating bodies and
environing nmedia rapidly increase, and necessarily check
the vibrations, which would otherwi se go on increasing
forever. It is a fortunate circunstance that pure resonance
is not producible for, if it were, there is no telling what
dangers might lie in wait for the innocent experinenter.
But, to a certain degree, resonance i s produci ble, the
magni t ude of the effects being limted by the inperfect
conductivity and inperfect elasticity of the nedia, or,
generally stated, frictional |osses. The smaller these

| osses the nore striking are the effects.

Tesl a applied the electrical tuning principles to his coils
and di scovered that he was able to produce trenendous
resonance effects and build up very high voltages. The
tuning principles he developed in 1890 are those which have
made our nodern radio, and the devel opnent of the earlier
art, "wreless," possible. He had been working with, and
denonstrating, these principles before others who received
credit had begun to learn the first lessons in electricity.

Seeki ng a new source of high-frequency currents, higher

t han coul d be produced by any nmechani cal apparatus, Tesla
made use of a discovery that had been nade the year in

whi ch he was born, by Lord Kelvin, in England, in 1856, and
for which no use had thus far been found. Up to the tine of
Kelvin's discovery it had been believed that when a
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condenser was di scharged the electricity flowed out of one
plate into the other, |ike water being poured froma gl ass,
t hus establishing equilibrium Kelvin showed that the
process was far nore interesting and conplex; that its
action was |i ke the bobbing up and down that takes pl ace
when a wei ghted stretched spring is rel eased. The

el ectricity, he showed, rushes fromone plate into the

ot her and then back again, the process continuing until al
of the stored up energy is used up in overcoming frictional
| osses. The back-and-forth surges take place at a
tremendously high frequency, hundreds of mllions a second.

The conbi nati on of condenser discharges and tuned circuits
opened a new realmin electrical science as significant and
as inportant as Tesla's pol yphase system He worked out
remar kably sinple and automatic nmethods for charging the
condensers by |l ow voltage (direct and alternating
currents), and discharging themthrough his new air-core
transforners, or Tesla coils, to produce currents of
enornously high voltages that oscillated at the
tremendously high frequency of the condenser discharge. The
properties of these currents were unlike anything that had
been seen before. He was again pioneering in an entirely
new field, with tremendous possibilities. He | abored
feverishly in his laboratory; and as he lay in bed at night
for his five-hours' rest, which included two hours of

sl eep, he fornul ated new experinents.

Tesl a announced the heating effect of high-frequency
currents on the body in 1890 and proposed their use as a

t herapeutic device. In this he was a pioneer, but soon had
many imtators here and abroad who clained to be
originators. He made no effort to protect his discovery or
prevent the pirating of his invention. Wen the sane
observation was nade thirty-five years later in

| aboratories using vacuumtube oscillators as the source of
t he high-frequency currents, it was hailed as a new

di scovery and devel oped as a nodern wonder. Tesla's
original discovery is, however, the basis of a vast array
of very recent electronic applications in which high-
frequency currents are used to produce heat for industrial
pur poses.

When he gave his first |lecture on the subject before the
American Institute of Electrical Engineers at Col unbia
Coll ege, in May, 1891, he was able to produce spark

di scharges five inches long, indicating a potential of
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about 100, 000 volts, but, nore inportant, he was able to
produce phenonena whi ch included, electrical sheets of
flame, and a variety of new fornms of illum nation--electric
| anps the |ike of which had never been seen before, nor
dreaned of in the wldest imagination of any experinenter.

This | ecture produced a sensation in engineering circles.
He was already famous in this field for the astounding
revel ati ons he had nade before the sane organi zati on on
that earlier occasion when he described his discovery of

t he pol yphase alternating current system That discovery
was an intellectual acconplishnent of bew | dering
brilliance, nmade inpressive by the trenendous commerci al

i nportance of the discovery. The experinents with the high-
frequency and hi gh-potential currents, however, were
spectacul ar; the crackling of the high-voltage sparks, the
flashing of the high-potential sheets of electrical flang;
the brilliant bul bs and tubes of electrical fire, the
amazi ng physical effects he produced with the new currents,
made a profound enotional appeal to the startled behol ders.

The man who coul d produce these two pioneering devel opnents
within two years nmust be nore than a genius! The news of
hi s new acconplishnment flashed quickly throughout the
world, and Tesla's fanme now rested on a doubl e foundati on.

The worl d-wi de fame that canme to himat this tinme was
unfortunate. Tesla would have been entirely superhunman had
he not derived a great deal of satisfaction out of the

her o- wor shi pi ng adul ation that now came to him It was only
five years ago that he had been hungry and penniless in the
streets of New York, conpeting with equally hungry hordes
of unenpl oyed for the few existent jobs calling for brute

| abor, while his head bulged with inportant inventions

whi ch he was anxious to give to the world. No one would
listen to himthen--and now the intellectual elite of the
nati on were honoring himas an unrival ed geni us.

Tesl a was a spectacular figure in New York in 1891. A tall
dar k, handsone, well -built individual who had a flair for
wearing clothes that gave himan air of magnificence, who
spoke perfect English but carried an at nosphere of European
cul ture which was worshi ped at that tine, he was an

out st andi ng personality to all who beheld him Hi dden
behind his quiet, self-effacing deneanor, and an extrene
nodesty that manifested itself as an exaggerated shyness,
was the m nd of a genius which had worked el ectri cal
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wonders that fired the imagination of all and exceeded the
under standi ng of the vast majority of the population. In
addition Tesla was a young nman, not yet thirty-five, who
had recently received a mllion dollars and was a bachel or.

A bachelor with a mllion dollars, culture and fanme, could
not avoid being a shining mark in New York in the early
years of the gay nineties. Many were the designing matrons
with marri ageabl e daughters who cast envious eyes in the
direction of this eligible young man. The soci al | eaders

| ooked upon himas a fascinating decoration for their

sal ons. The big nen of business | ooked upon himas a good
man to know. The intellectuals of the day found his al nost
unbel i evabl e acconplishnments a source of inspiration.

Except at formal dinners Tesla always di ned al one, and
never under any circunstances would he dine with a woman at
a two-sone dinner. No matter how much a woman m ght gush
over himor strive to gain his favor, Tesla, in nost
adanmant fashion, naintained a thoroughly inpersonal
attitude. At the Wal dorf-Astoria and at Del nonico's he had
particul ar tables which were always reserved for him They
occupi ed secl uded positions in the dining roonms because
when he entered either roomhe was the cynosure of all eyes
and did not enjoy being on exhibition.

In spite of all of the adulation that was heaped upon him
Tesl a had but one desire--to continue his |aboratory
experiments undi sturbed by outside distractions. There was
a trenendous enpire of new know edge to be expl ored. He was
fired with a potential of enthusiasmfor the work that was
as high as the voltage of the currents with which he was
wor ki ng, and new i deas were comng to himw th al nost the
rapidity of the cycles in his high-frequency current.

There were three broad fields in which he wished to devel op
applications which were now clearly outlined in his mnd: a
system of wirel ess power transm ssion that would excel his
own pol yphase system a new type of illumnation, and the
w reless transm ssion of intelligence. He wished to work on
them all sinultaneously. They were not separate and

i sol ated subjects but all closely internmeshed, all notes on
t hat vast cosmic scale of vibration represented by his

bel oved alternating currents. He did not wish to play on
one note at a tinme, as would a violinist; he preferred to
play as a pianist, striking nany notes at once and weavi ng
theminto beautiful chords. Were it possible to occupy the
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position of |eader and simultaneously play all of the
instrunments in a great synphony orchestra, he woul d have
been still better pleased. The instrunments in his
orchestra, however, would be electrical devices oscillating
intune with their energizing currents or with their
environnment. To the extent that he was unable to realize
hi s nost expansive desires, he was under nental pressure
that drove himto a working pace which no individual of
ordinary strength could withstand without a resulting
conpl et e physi cal breakdown.

The spectacul ar | ecture and denonstration on hi gh-frequency
and hi gh-potential currents which he gave before the
American Institute of Electrical Engineers in February,
1891, at Colunbia Coll ege, created as profound a sensation
as did his earlier one. Each opened an entirely new real m
of scientific investigation and practical discoveries. The
di scoveries contained in either |ecture would have been
suficient to stand as the fruit of alifetinme's work and
bring lasting fame. Two such events in rapid succession
seened al nost unbelievabl e--yet Tesla seenmed to be scarcely
wel I | aunched on his career, with nore inportant work still
to cone.

Requests that he give lectures canme from | earned societies
t hroughout this country and Europe, but he begged to be
excused because of the trenmendous pressure on his tine
which his work entailed. Equally insistent were the socia
demands that were being made upon him Social groups sought
in every way to honor him and incidentally to shine in his
reflected glory. Tesla was not vul nerable to the

i nportuni ngs of the socialites who sought himnerely as a
scintillating satellite, but the clever "lion hunters" of

t hat day soon discovered his Achilles' heel--an intelligent
interest in his acconplishnments and a synpathetic ear for
his dreans of wonders still to cone.

Wth this technique in successful operation, Tesla was
captured and soon conpletely lionized. He was guest of
honor at a continuous round of functions and he net the
soci al obligations involved in themby staging, in return,
el aborate dinners at the Wal dorf-Astoria foll owed by
denonstration parties at his |aboratory on South Fifth
Avenue. Tesla never did a halfway job on anything. Wen he
staged a dinner he left nothing to chance in the matter of
cui sine, service and decorations. He sought rare fish and
fow, neats of surpassing excellence, and choicest |liquors
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and exquisite wines of the best vintages. H s dinners were
the talk of the town and having been a guest at a Tesla

di nner was a mark of social distinction, proof of
menbership in the inner group of the elite within Ward
MacAl lister's "400." At these dinners Tesla presided as a
nost neticul ous host, or nore accurately, as an ol d-world
absol ute nmonarch, for he would sanple all food brought to
the dining room and rarely did an event pass w thout the
gr andi ose host sendi ng back some sauce or w ne of

unquesti oned excel l ence as unworthy of his guests.

Fol | owi ng each of these neals Tesla would escort his guests
to his |aboratory bel ow Washi ngton Square; and here his
denonstrations were even nore spectacul ar than his dinners.
He had a flair for the dramatic; and the strange-I| ooki ng
devices with which his |aboratory was furnished provided a
grotesque and bi zarre background for the fantastic displ ays
of seem ngly unearthly forces that wth invisible fingers
set objects whirling, caused gl obes and tubes of various
shapes to glow resplendently in unfamliar colors as if a
section of a distant sun were suddenly transplanted into

t he darkened room and crackling of fire and hissing sheets
of flame to issue fromnonster coils to the acconpani nent
of sul furous funmes of ozone produced by the el ectrical

di scharges that suggested this magician's chanber was
connected directly with the seething vaults of hell. Nor
was this illusion dispelled when Tesla would permt
hundreds of thousands of volts of electricity to pass

t hrough his body and light a lanp or nelt a wire which he
hel d.

The anmazing feat of harml essly passing through his body
currents of trenendously high voltage and high frequency
was one which Tesla evolved by his nmental experinments |ong
bef ore he had an opportunity to test themin his

| aboratory. The | ow frequency alternating currents, such as
are now used on hone-lighting circuits, would, he knew from
unpl easant experiences, produce a painful shock if passed

t hrough the body. Wen |ight waves inpinged on the body,
however, no such painful sensation was produced. The only
di fference between the electric currents and |ight waves,
he reasoned, was a matter of frequency, the electric
currents oscillating at the rate of 60 per second and the
light waves at billions per second.

Sonmewher e bet ween these two extrenes the shock-produci ng
property of electromagnetic vibrations nust disappear; and
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he surm sed the point would be near the | ower end of the
gap. Damage done to the body by electric shock he divided
into two factors, one--the destruction of tissues by the
heating effect which increased or dimnished as the
anperage of the current was raised or |owered; and two--the
sensation of acute pain which varied with the nunber of
alternations of the current, each alternation producing a
single stimulus which was transmtted by the nerves as a
pai n.

Nerves, he knew, could respond to stinmuli up to a rate of
about 700 per second, but were unable to transmt inpul ses
received at a nore rapid rate. In this respect they acted
very much like the ear, which is unable to hear air

vi brati ons above a frequency of about 15,000 per second,
and the eye, which is blind to color vibrations of a
frequency higher than that in violet |ight.

When he constructed his high-frequency alternating-current
dynanos, he had frequencies up to 20,000 per second with
which to test his theory; and by finger tests across the
termnals he was able to denonstrate that the nerves were
unabl e to perceive the individual vibrations at this rapid
rate. The anperage, which carried the tissue-destroying
power, was still too high in the output of these nachines
to pass safely through his body, even though the sensation
of pain was | acking.

By passing these currents through his newy invented air-
core transforners, he could increase their voltage ten-

t housand fold and reduce the anperage proportionately. The
current density would thereby be reduced bel ow the point at
which it would injure tissues. He would then have a current
whi ch woul d not produce sensation and would not harmthe

ti ssues. He cautiously tested the theory by passing the
currents through two fingers, then his arm next from hand
to hand through his body and finally fromhis head to his
feet. If a spark junped to or fromhis body, there was a

pi n-prick sensation at the point of contact, but this could
be elimnated by holding a piece of nmetal to and from which
the spark could junp while the current passed through the
ti ssues without producing any sensati on.

The energy content of these currents, which is
proportionate to the current nmultiplied by the voltage,
coul d be very high and produce spectacul ar effects such as
melting nmetal rods, exploding | ead disks, and |ighting



i ncandescent or vacuumtube | anps after passing painlessly
t hrough hi s body.

The European scientific societies were persistent in their
efforts to induce Tesla to accept their invitations to

| ecture before them and finally he acceded. He set
extravagantly high standards for the contents of his

| ectures, and their preparation entailed a trenendous
anount of labor. Al of the material had to be entirely
new. He woul d never repeat an experinent previously
presented. Every technical statenment had to be tested at

| east twenty tinmes to insure conplete accuracy. His

| ectures would last two or three hours; and every m nute of
the time was crowded wi th new and awe-inspiring
denonstrations of his constant stream of discoveries. He
used a great array of devices fashioned by hinself and
built in his own | aboratories to illustrate his talks. A
Tesla lecture, therefore, was an extrenely inportant event
in the scientific world and a nost inpressive occasion to
t hose who were fortunate enough to be able to attend.

Tesla arranged to give a lecture before the Institution of
El ectrical Engineers in London on February 3, 1892, and one
before the International Society of Engineers in Paris on
February nineteenth. H's decision to give the European

| ectures was influenced to sonme extent by the fact that
they would afford himan opportunity to visit his hone in
CGospic, for recent letters had indicated that his nother's
heal th was failing.

The | ecture before the Institution of Electrical Engineers
was a great success. English engineering journals, as wll
be seen, had been niggardly in extending recognition to
Tesla for priority in the discovery of the rotating
magnetic field, and had belittled the practical value of
hi s pol yphase alternating-current system but in this
attitude they were not representative of the great body of
engi neers, who were nost generous in their praise and

ent husiasm and the attitude of the engi neers was shared by
the English scientists.

When Tesla arrived in London he was entertained at many
pl aces by fanpbus nmen. At the Royal Institution, where the
imortal M chael Faraday had carried on his fundanental
researches in magnetismand el ectricity, Sir Janes Dewar,
and a conmttee of equally fanmous scientists, sought to
prevail upon Tesla to repeat his | ecture before that
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organi zation. Tesla could be plain stubborn in sticking to
his plans, and in this case was exhibiting his usual
firmess. The fanobus Scottish scientist nmatched Tesla's
stubbornness with an equal persuasive persistence. He
escorted Tesla to Faraday's chair, an al nost sacred relic
to English science, seated himin this throne, and then
brought out an al nost equally precious heirloom a portion
of a bottle of whiskey, the remainder of Faraday's personal
supply, untouched for nearly a quarter of a century. CQut of
this he poured a generous half glass for Tesla. Sir Janes
won. Tesla relented and gave the |lecture the foll ow ng
eveni ng.

Lord Rayl ei gh, the em nent English physicist, was chairnman
of the neeting at the Royal Institution, which was attended
by the elite of the scientific world and a generous
representation of the nobility of the realm Rayl eigh,
after witnessing the performance of Tesla's experinents,

whi ch were none the less awe inspiring to scientists than
to | aynen, showered words of praise on the inventor.

Rayl ei gh decl ared that Tesla possessed a great gift for the
di scovery of fundanmental scientific principles, and urged
that he concentrate his efforts on sone one big idea.

Tesla, in his conversation after the neeting, disclained
ability as a great discoverer; but in this he was nerely
bei ng nodest, for he knew that he was uni que anong nen in
his ability to discover fundanental truths. He did,
however, give very serious consideration to Rayleigh's
suggestion that he concentrate on sone one big idea. It is
doubt ful, however, whether Rayleigh's suggestion was good
advice. Tesla's mnd had a range that was cosmc in

magni tude and adjusted to broad sl ashi ng advances t hrough
unknown regions. Rayleigh's advice was |ike suggesting to
an explorer who had unique ability for penetrating an
unknown continent and opening it to civilization that he
settle down and cultivate a honestead, since that would
give nore definite and specific returns for efforts
expended.

Two weeks | ater Tesla gave his schedul ed | ecture before the
Physical Society in Paris and repeated it before the

I nternational Society of Electrical Engineers. This was his
second visit to Paris since he had quit his job with the
Conti nental Edi son Conpany in that city eight years before.
| medi ately after |eaving the Westinghouse Conpany in the
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autumn of 1889--at which time, too, he conpleted his U S
citizenship requirenents--he had made a brief visit to
Paris to attend the International Exposition. In the
meantinme, the fame of his pol yphase system had spread to
Europe; and to this was added the glory for his spectacul ar
work with the new high-frequency currents. He was given a
hero's reception in Paris, as well as in London.

It would be interesting to know what thoughts passed

t hrough the m nds of the executives of the Continental

Edi son Conpany as they observed the trenmendous
contributions to science and industry by the engi neer whose
services they had | ost through their penny-w se tactics
when they were offered in 1883, and coul d undoubtedly have
purchased for a relatively small anount, the pol yphase
system for which Westinghouse paid Tesla $1, 000, 000 five
years | ater.

A tesla | ecture was an aval anche of new and fascinating
el ectrical know edge. He conpl etely overwhel med his
listeners with a wealth of spectacul ar original
experinents, and as a result al nost every individual
contribution lost its identity in the dazzling
concentration of the whole gal axy of startling

devel opnent s.

In the 1892 lectures, entitled "Experinents with
Alternating Currents of High Potential and H gh Frequency,"”
Tesl a descri bed many of his discoveries which are only
com ng into general use today and are being hailed as
nodern inventions. Anong these are the "neon" and ot her
gas-filled | anps, and phosphorescent | anps. Many of the
di scoveries described are still unutilized, including, as
will be seen, the carbon or netallic-button i ncandescent
| amp, requiring but a single wire connection; and stil

ot hers, which he later discovered, were rich producers of
t he nysterious X-rays.

The transcript of these lectures runs to 40,000 words.
Scores of pieces of apparatus were used and usually several
experinments were performed with each. He descri bed

"W reless" |anmps, glow ng glass tubes that required no wire
connection for their operation. He described notors which
operated on one wire, and "wireless" or "no wre" notors.
But perhaps the nost inportant devel opnment he descri bed was
the sensitive electronic tube--the original of all our
nodern radi o and ot her el ectronic tubes--which, he
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predi cted, was the device that would permt receiving

w rel ess tel egraph nessages across the Atlantic. O al

t hese di scoveries we shall presently have nore to say in
detail.

It had been Tesla's intention to nmake a short visit to his
early hone in Gospic when his | ectures were out of the way,
but circunstances forced himto make the trip sooner than
he expected. Returning to his hotel after delivering the
second Paris |lecture, he received word that his nother was
gravely ill. He rushed to the railroad station, arriving in
time to board a train just about to pull out. He

t el egraphed ahead for special transportation facilities to
shorten his trip, and succeeded in reaching Gospic in tine
to see his nother alive. He arrived in the afternoon and
she died that night.

The great anxiety fromwhich Tesla suffered during his
sl eepl ess rush fromParis to Gospic caused a patch of hair
on the right side of his head to turn white over night.
Wthin a nonth its jet black color was restored naturally.

Al nost imediately after his nother's death, Tesla
contracted an illness which incapacitated himfor many
weeks. When he recovered, he visited his sister Marica, in
Pl aski, for two weeks. Fromthere he went to Bel grade, the
capital of Serbia, where he arrived in May and was received
as a national hero.

During the weeks of enforced physical inactivity inposed on
himby his illness, Tesla took stock of hinself and becane
t horoughly dissatisfied with the nmanner in which he had
been conducting his Iife. No human being could fee

anything but a pleasurable reaction in response to the

adul ation that had been heaped upon himduring the past two
years. Tesla, however, prided hinself upon his wisdomin
havi ng so designed his life that he would not becone a
victimof human frailties, but would function far above the
normal human | evel of physical linmtations and intellectual
activities. Now Tesla saw, in retrospect, that insofar as
he had adhered to his superman plan of life, he had
succeeded in achieving his goal of producing the works of a
supernman at a rate which astounded the world. Wen,

however, he submitted to the first blandi shnments of the
lion hunters after his New York lecture in May, 1891, he
observed, social activities had cut into his available tine
and had interfered with his creative activities. He had | et
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the "man magnificent"” supersede his "superman,” and two
years of valuable tinme had been largely lost. In addition,
he had spent that totally unproductive year at the
West i nghouse plant. At the close of that period, he had
vowed he woul d never again work for anyone. He now vowed
that he would put an end to the vacuous social activities
into which he had been inveigl ed.

It was not easy for Tesla to live up to his good
resolutions, for his European trip had greatly enhanced his
fame and triunphant cel ebrations were scheduled on his
reappearance in New York. Neverthel ess, he rejected al
invitations. He returned to the Hotel GCerlach, where he
lived a solitary existence. Wth a pent-up reserve of
physical energy owing to his |ong abstinence from his heavy
daily routine of work, he plunged with great vigor into his
new program which was to open up new and enchanting real ns
of scientific wonders.

THE first public application of Tesla' s pol yphase

al ternating-current systemwas nade at the Chicago World's
Fair, the Col unbi an Exposition, which opened in 1893 to
cel ebrate the four-hundredth anniversary of the discovery
of Anerica. This was the first world's fair for which
electric lighting was a possibility, and the architects
avai l ed thensel ves of the opportunities it afforded for
obt ai ni ng spectacul ar effects in illum nating the grounds
and buildings at night, as well as for interior lighting
during the day. The Westinghouse El ectric Conpany secured
the contract for installing all power and |ighting

equi pnent at the Fair, and took full advantage of this
opportunity to use the Tesla system and denonstrate its
great versatility. It supplied all the current used for
[ighting and power.

while the Chicago Wrld's Fair was in reality a nonunent to
Tesla, he had, in addition, a personal exhibition in which
he denonstrated his nobst recent inventions. One of his

exhi bits was a spinning egg, nmade of metal. The egg was
shown lying on top of a small vel vet-covered circul ar
platform Wen Tesla closed a switch the egg stood on its
smal |l end and rotated at a high speed as if by magic. The
"magi ¢c" phase of this feat appealed to a public which,
however, grasped little of the explanation that it
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illustrated the principle of the rotating nagnetic field
produced by the pol yphase alternating currents. In other of
his exhibits, glass tubes suspended in space or held in his
hands lighted up in an equally "magical" fashion.

But his npst spectacular feat was to let 1,000,000 volts
pass through his body. This was alternating current of very
hi gh frequency as well as high voltage. He had di scovered
nmeans of producing such currents. Eight years had passed

si nce Edi son, attacking high-voltage alternating current as
deadly, had refused to becone interested in Tesla's

pol yphase system Now the Tesla system was providing the
electricity for the great world's fair and the Edison
direct-current systemwas ignored. The final gesture of
victory was for Tesla to answer Edi son's charge that
alternating current was deadly by passing the hi ghest

vol tage of it ever produced through his own body for nany
m nutes without the slightest sign of harm This bit of
showmanshi p endeared Tesla to the public and brought hima
tremendous burst of world-wide fane. Unfortunately,

however, it obscured his nore inportant work with pol yphase
currents.

The next great achievenent to be attained by his pol yphase
system was the harnessing of Niagara Falls. (Before this
was done, and even before the opening of the Chicago fair,
the practicability of his systemwas denonstrated in
Europe; but this had been undertaken wi thout his know edge.
A practical test of the transm ssion of pol yphase
alternating current at 30,000 volts was nade between a
hydroel ectric station at Lauffen and the City of Frankfurt,
the current being used to furnish electricity at a fair
held at the latter city. This installation was built in
1891. The current was used to |ight incandescent and arc

| anps and al so to operate a Tesla notor.) In 1886 a charter
had been granted for devel oping power at the Falls. The
proj ect made sl ow progress and was taken over by a New York
group which organi zed the Cataract Constructi on Conpany, of
whi ch Edward Dean Adans was nade president. M. Adans'
conpany desired to devel op power on the | argest scale

possi ble. The total energy supply available in the Falls
had been variously estinmated from 4,000, 000 to 9, 000, 000
hor sepower. M. Adans organi zed the International N agara
Comm ssion for the purpose of ascertaining the best neans
of harnessing the Falls, and made Lord Kel vin, the fanous
English scientist, its chairnman. A prize of $3,000 was
offered for the nost practical plan submtted.
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Tesla had predicted nearly thirty years before, as a boy,
that he woul d sonmeday harness Niagara Falls. Here was the
opportunity. In the neantine, he had nade it possible to
fulfil his boyhood boast by conpleting the series of

i nventions which made it possi ble to change the hydraulic
power of the Falls into electrical energy.

The prize-offer plan adopted by M. Adans did not, however,
set well wth M. Westinghouse when he was urged to submt
a proposal. He replied, "These people are trying to get one
hundred thousand dollars' worth of information for three

t housand dol l ars. When they are ready to tal k busi ness we
will submt our plans.” This adamant attitude of
West i nghouse was one handicap for the Tesla alternating-
current plan. The second big handi cap was the fact that
Lord Kel vin had declared hinself in favor of the use of
direct current.

About twenty plans were subnmitted in the contest but none
of them was accepted by the conm ssion, and no prize was
awar ded. The big el ectrical conpanies, Wstinghouse, Edison
Ceneral Electric and Thonson-Houston, did not submt plans.
This took place in 1890.

Oiginal developers of the Falls planned to use locally the
mechani cal power provided by water wheels; but the only
practical plan was, clearly, the generation of electricity
by dynanos driven by water wheels, and the distribution of
the current throughout the district. There was a good
additional market for it at Buffalo, a |large industrial
city about twenty-two mles distant. There was al ways the
hope, too, that the current could be transmtted to New
York City and serve the rich intervening territory. If
direct current were used, its transm ssion twenty-two niles
to Buffalo was totally unfeasible. The Tesla alternating-
current system however, nade the transm ssion to Buffalo
extremely practicable and the delivery of the current to
New York City a possibility.

In due tinme the Cataract Construction Conpany deci ded that
t he hydroel ectric systemwas the only feasible one, and

proposal s and bids were asked on a power system consisting
of three generating units, each of 5,000 horsepower, from
t he Westinghouse El ectric Conmpany and the General Electric
Conpany. Each one submitted a proposal to install a Tesla
pol yphase generati ng system The General Electric Conpany,
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successor to the Edi son General Electric Conpany, having in
the nmeantinme secured a license to use the Tesla patents,
proposed to install a three-phase system and Westi nghouse
a two-phase system The first proposal concerned the
bui | di ng of the powerhouse. A second proposal on which bids
wer e asked concerned the transm ssion |ine between N agara
Falls and Buffalo and a distribution systemin the latter
city.

Bids were asked for early in 1893, and in QOctober of that
year M. Adans announced that the Westinghouse plan for the
power house and the General Electric plan for the

transm ssion line were accepted. The latter included a
transformati on of the two-phase current fromthe generators
into three-phase current to be transmtted to Buffalo. This
change indicated the flexibility of the Tesla pol yphase
system

West i nghouse conpl eted the powerhouse and in 1895 it stood
ready to deliver 15,000 horsepower; the nobst gigantic piece
of electrical engineering conceived or acconplished up to
that tinme. In 1896 Ceneral Electric conpleted the

transm ssion and distribution system and electrical power
extracted from N agara Falls, without in any way inpairing
t he beauty of the spectacle they presented, was delivered
to industries through the Falls and Buffal o areas. So
successful was this installation that the Wstinghouse
Conpany installed seven additional generating units,
bringing the output to 50,000 horsepower. A second

equi val ent power house, also using alternating current, was
later built by the General Electric Conpany. Today, the
power houses at N agara Falls are linked directly with the
el ectric power systemin New York City, all using the Tesla
system

Dr. Charles F. Scott, Professor Eneritus of Electrica

Engi neering at wale University, and former president of the
American Institute of Electrical Engineers, who was a
West i nghouse engi neer when that conpany was devel opi ng the
Tesla system in a nenorial review of Tesla's
acconpl i shnents, (Published in Electrical Engineering,
August 1943, pp. 351-555.) describes the N agara

devel opnment and its results:

The si nul taneous devel opnent of the N agara project and the

Tesl a systemwas a fortuitous coi ncidence. No adequate
met hod of handling | arge power was available in 1890; but
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while the hydraulic tunnel was under construction, the
devel opnent of pol yphase apparatus justified the oficial
deci sion of May 6, 1893, five years and five days after the
issuing of Tesla's patents, to use his system The

Pol yphase met hod brought success to the N agara project;
and reciprocally N agara brought inmmediate prestige to the
new el ectric system

Power was delivered in August 1895 to the first custoner,
the Pittsburgh Reduction Conpany (now Al um num Conpany of
America) for producing alum num by the Hall process,
patented in the eventful year 1886.

In 1896 transm ssion fromNi agara Falls to Buffal o, 22

m | es, was inaugurated. Conpare this gigantic and universal
system capabl e of uniting many power sources in a

super power system with the nmultiplicity of Lilliputian
"systens" which previously supplied electrical service. As
M. Adans aptly explained: "Fornerly the various kinds of
current required by different kinds of |anps and notors
were generated locally; by the N agara-Tesla systemonly
one kind of current is generated, to be transmtted to

pl aces of use and then changed to the desired form"

The Ni agara denonstration of current for all purposes from
| arge generators led imediately to simlar power systens
in New York City--for the elevated and street railways and
for the subway; for steamrailway electrification; and for
t he Edi son systens, either by operating substations for
converting alternating current to direct current or by
changi ng conpletely to A C. service.

The cul mnating year 1896 inaugurated two far reaching
devel opnents for the extension of polyphase power, one
comer ci al and one engi neering. By exchange of patent
rights, the General Electric Conpany obtained |icense
rights under Tesla patents, |ater made inpregnabl e by
nearly a score of court decisions. Also the Parsons

turbi ne, acconpanied by its forenost engi neer, was

transpl anted to Anerica and enabl ed George Westi nghouse to
bring to fruition by a new nethod the ideal of his first
patent, a "rotary steam engine."” The acne of the

reci procating engine cane in the early 1900's; a century's
devel opnent produced the great engines that drove 5,000 to
7,500 kilowatt alternators for New York's el evated and
subway. But the rapidly growi ng steamturbine of different
types soon dooned the engine to obsol escence; single units
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with the capacity of a score of the | argest engines are now
supplying power to the netropolis. Single powerhouses now
supply nore power than all of the thousands of central
stations and isolated plants of 1890.

Prof. Scott concludes: "The evolution of electric power
fromthe discovery of Faraday in 1831 to the initial great
installation of the Tesla pol yphase systemin 1896 is
undoubtedly the npost trenendous event in all engineering
hi story. "

Lord Kelvin, who had originally favored direct current for
Ni agara, |ater conceded, but only after the systemwas in
operation, that alternating current had many nore

advant ages for |ong-distance distribution systens, and

decl ared, "Tesla has contributed nore to electrical science
than any man up to his tine."

There shoul d never have been the slightest shadow of doubt
concerning the credit due to Tesla not only for discovering
the rotating magnetic field but also for inventing the
first practical alternating-current notor, the polyphase
system of alternating currents, dynanos for generating
them a variety of notors for converting the currents into
power, a system of pol yphase transformers for raising and

| owering voltages, and econom cal nethods for transmtting
el ectrical power for |ong distances. Neverthel ess, credit
for priority has unjustly been given to and taken by
others. Tesla succeeded in establishing his clainms; but in
t he neantinme, however, danmage was done by raising these
unfair clainms, and to this day the el ectrical engineering
prof ession, and public service and major electrica

i ndustries, have never extended to Tesla the credit to
which he is entitled. If they had done so, the nane of
Tesla would carry at | east as nmuch fame as the names Edi son
and Westi nghouse.

Tesla, as we have seen, nmade his rotating magnetic field
invention in 1882, and within two nont hs evol ved the

conpl ete power system including all the apparatus which he
| ater patented. In 1883 he described his invention to
oficials of the Continental Edi son Conpany. In 1884 he
denonstrated his notor to the mayor of Strassburg and
others. In this sane year he described the invention to
Thomas A. Edison. In 1885 he sought to have the pronoters
of the Tesla Arc Light Conpany develop his system In 1887
he secured financial backing and built a series of the
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dynanos and notors which were tested by Prof. Anthony of
Cornell University. On Cctober 12, 1887, the first patent
applications covering his basic inventions were revealed to
the Patent Ofice. The patents were granted on various dates
in the early nonths of 1888. On May 16, 1888, he presented
a denonstration and description of his basic inventions
before the Anmerican Institute of Electrical Engineers in
New York. So much for the record.

The first conplication arose when Prof. Galileo Ferraris, a
physicist in the University of Turin, presented a paper on
"Rot azi oni el ettrodynam che"” (El ectrodynam ¢ Rotation)
before the Turin Acadeny in March, 1888. This was six years
after Tesla made his discovery, five years after he
denonstrated his notor and six nonths after he had applied
for patents on his system Prof. Ferraris had been carrying
on researches in the field of optics. The probl emthat
particularly interested hi mwas polarized light. In this
period it was considered necessary to build mechanica
nodel s to denonstrate all scientific principles. It was not
very dificult to devise nodels to denonstrate the nature of
pl ane-pol ari zed light, but circularly polarized |ight
presented a nore dificult problem

Prof. Ferraris gave sone thought to this problemin 1885,
but made no progress until 1888 when he turned to
alternating currents for a solution. In that period |ight
was erroneously thought of as a continuously undul ating
wave in the ether. Prof. Ferraris took the continuously
alternating current as an anal ogue of the plane-polarized
I ight wave. For a mechani cal anal ogue of the circularly
pol ari zed |ight wave he visualized a second train of waves
90 degrees out of step with the first, giving a right-angle
vector to the conponent that should manifest itself by
rotation. This paralleled the solution at which Tesla had
arrived six years earlier.

In arranging a | aboratory denonstration Prof. Ferraris used
a copper cylinder suspended on a thread to represent the

i ght waves, and caused two nagnetic fields to operate on
it at right angles to each other. Wen the currents were
turned on, the cylinder rotated, wound up the thread on
which it was suspended and raised itself. This was an
excel l ent nodel of rotary polarized |ight waves. The nodel
bore no resenblance to a notor, nor did the Turin scientist
have any intention that it should be so considered. It was
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a |l aboratory denonstration in optics, using an electrical
anal ogy.

Prof. Ferraris' next experi nment nounted the copper cylinder
on a shaft and divided each of his two coils into two
parts, placing one on either side of the copper cylinder.
The device worked up to a speed of 900 revol utions per

m nut e--and beyond this point |ost power so rapidly it
ceased to operate entirely. He tried iron cylinders but
they did not work nearly so well as the copper ones. Prof.
Ferraris predicted no future for the device as a power
source, but he did predict it would find useful ness as the
operating principle for a neter for neasuring current.

Prof. Ferraris thus denonstrated that he failed by a w de
margin to grasp the principle which Tesla devel oped. The
Italian scientist found that the use of the magnetic iron
cylinder interfered with the operations of his device,
whereas Tesla, followi ng the correct theory, utilized iron
cores for the magnetic field of his notor, used an iron
armature, and obtai ned an efficiency of about 95 per cent
in his first nmotor, which had a rating of about a quarter
hor sepower. The efficiency of Ferraris' device was |ess

t han 25 per cent.

It was Prof. Ferraris' belief that he had perfornmed an

i nportant service to science by denonstrating that the
rotating magnetic field could not be used on any practica
basi s for produci ng nmechani cal power from alternating
current. He never deviated fromthis conclusion, nor did he
ever claimthat he had anticipated Tesla' s discovery of a
practical neans for utilizing the rotating field for
produci ng power. Knowi ng that his process was entirely
different from Tesla's, he never advanced a claimto

i ndependent di scovery of the alternating-current notor. He
even conceded that Tesla had arrived at his discovery of
the rotating magnetic field entirely independently of him
and that Tesla could not in any way have known of his work
bef ore publicati on.

A description of Prof. Ferraris' experinents, however, was
published in The El ectrician, in London, May 25, 1888 (page
86). This was acconpani ed by the statenent:

Whet her the apparatus devised by Prof. Ferraris will |ead

to the discovery of an alternating current notor is a
gquestion we do not pretend to prophesy, but as the
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principle involved may al so have ot her applications,
notably in the construction of nmeters for neasuring the
supply of electricity .

A year before this time Prof. Anthony had already tested
Tesla's alternating-current notors in the United States and
reported that they attained an order of efficiency equal to
that of direct-current notors; and Tesla's U S. patents had
been publicly announced several nonths previously.

It was obvious that the editors of this London publication
were not keeping up to date on devel opnents in the United
St at es.

Tesl a responded quickly, informng the editors of their
oversight and subnmitting an article describing his notors
and the results obtained with them

No great enthusiasmwas exhibited by the editors of The

El ectrician. They receded to only the | east possible extent
fromtheir stand in favor of Ferraris by publishing an
editorial note:

Qur issue of the 25th of May contai ned an abstract of a
paper by Prof. Galileo Ferraris describing a nmethod of
producing a revolving resultant magnetic field by nmeans of
a pair of coils with the axes at right angles and traversed
by alternating currents, and we drew attention to the
possibility that the principle of the apparatus m ght be
applied to the construction of an alternating current

not or. The paper by M. Nikola Tesla, which appears in our
colums this week, contains a description of such a notor
founded on exactly the sane principle. (Vol. XX p. 165,
June 15, 1888.)

No attention was drawn to the fact that Ferraris had
reached the conclusion that the principle could never be
used for nmaking a practical notor, whereas Tesla had
produced such a notor.

This attitude toward the American devel opnent did not

di sappear fromthe London engi neering journals. Later the
El ectrical Review ( London: Vol. XXVIII, p. 291, March 6,
1891) published an editorial which opened with the

st at enent :
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For several years past, fromthe days of Prof. Ferraris

i nvestigations, which were foll owed by those of Tesla and
Zi pernowski and a host of imtators, we have periodically
heard of the question of alternating current notors being
sol ved.

At this time the Westinghouse Conpany was al ready
comercially exploiting the successful and practical Tesla
pol yphase systemin the United States. Not one word of
credit to Tesla appeared in the London engi neering press.

A letter of protest dated March 17, 1891, was forwarded by
Tesl a, and this was published sone weeks |ater (p. 446) by
the Review. He said in part:

In all civilized countries patents have been obtai ned

al nost without a single reference to anything which would
have in the | east degree rendered questionable the novelty
of the invention. The first published essay--an account of
sonme | aboratory experinments by Prof. Ferraris--was
published in Italy six or seven nonths after the date of
filing nmy application for the foundation patents. . . . yet
in your issue of March 6, | read: "For several years past,
fromthe days of Prof. Ferraris' investigations, which were
foll owed by those of Tesla and Zi pernowski and a host of
imtators, we have periodically heard of the question of
alternating current notors being sol ved.

No one can say that | have not been free in acknow edgi ng
the merit of Prof. Ferraris, and I hope that ny statenent
of facts will not be msinterpreted. Even if Prof.
Ferraris' essay would have anticipated the date of filing
of nmy application, yet, in the opinion of all fair m nded
men, | would have been entitled to the credit of having
been the first to produce a practical notor; for Prof.
Ferraris denies in his essay the value of the invention for
t he transm ssion of power.

Thus in the nost essential features of the system-the
generators with two or three currents of differing phase,
the three wire system the closed coil armature, the notors
with direct current in the field, etc.,--1 would stand

al one, even had Prof. Ferraris' essay been published many
years ago.

Most of these facts, if not all, are perfectly well known
i n Engl and; yet according to sone papers, one of the
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| eadi ng English electricians does not hesitate to say that

| have worked in the direction indicated by Prof. Ferraris,
and in your issue above referred to it seens | amcalled an
imtator.

Now, | ask you where is that well known English fairness. |
ama pioneer and | amcalled an imtator. | amnot an
imtator. | produce original work or none at all.

This letter was published; but the Electrical Review
nei ther expressed regret for the m sstatenment nor extended
recognition to Tesl a.

Charles Proteus Steinnetz, later to achieve fane as the

el ectrical w zard of the CGeneral Electric Conpany, cane to
the support of Tesla. In a paper presented before the
Anerican Institute of Electrical Engineers, he said:
"Ferraris built only a little toy, and his magnetic
circuits, so far as I know, were conpleted in air, not in
iron, though that hardly nakes any

di fference."(Transactions, AI.EE, Vol. VIIIl, p. 591,
1891.)

O her Anmerican engineers likewise rallied to Tesla's
support.

An industrial exposition, as already nentioned, was held at
Frankfurt, Germany, in 1891. The United States Navy sent
Carl Hering, an electrical engineer who had done nuch
witing for technical journals, as observer to report on
any devel opnments that would be of interest to the Navy.
Hering, unfortunately, had not inforned hinself of the
inventions enbodied in the Tesla patents before going

abr oad.

The out standi ng new devel opnment at the Frankfurt exposition
was the first public application of Tesla's system The
grounds and building were lighted by electricity brought to
the city by a |ong-di stance transm ssion |ine over which
electricity was carried fromthe hydroelectric station at
Lauffen by three-phase alternating current carried at
30,000 volts. There was exhibited a two-horsepower notor
operated by the three-phase current.

Hering recogni zed the significance of the new devel opnent,

and sent back enthusiastic reports describing it as of
CGerman origin. In his article in the Electrical Wrld
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(N.Y.), he waxed ent husi astic about the work of Dolivo

Dobr owol sky in designing the three-phase notor and its
associ ated system hailing it as an outstanding scientific
di scovery and of trenendous conmercial inportance. The

i npressi on was given that all other inventors had m ssed
the main point, and that Dobrowol sky had achi eved the grand
broad acconplishment that woul d set the pace for future
power devel opnents. Nor was Hering the only one to whom
this inpression was conmuni cat ed.

Ludwi g Gut man, an Anerican electrical engineer, a delegate
to the Frankfurt Electrical Congress, in a paper on "The

I nventor of the Rotary field System" delivered before that
body, slanmmed back at Dobrowol sky. He stated:

As we have enjoyed in Anmerica several years' experience
wth this systemrepresented by the Tesla notors | nust
oppose the assertion |ately made by Herr von Dobrowol sky at
a neeting of the Electrotechni sche Zesell schaft held here
in Frankfurt. The gentlenman said: "I believe | amable to
assert that the notor problemfor |arge and small works has
been by this conpletely solved."” This assertion goes nost
likely too far. The problem was al ready sol ved,
theoretically and electrically, in 1889. (Electrical Wrld,
N.Y.: Cct. 17, 1891)

Dobr owol sky, in a paper published in the Electrotechnische
Zeitschrift (p. 149-150; 1891), reduced his claimto that
of having produced the first practical alternating-current
not or; and he asserted that in the Tesla two-phase notor
there were field pul sations amounting to 40 per cent, while
in his three-phase notor, in operation at the Frankfurt
exposition, these were greatly reduced.

Even this reduced clai mof Dobrowol sky's was quickly
smashed. It drew fire froman Anerican and an English
source, and also fromthe chief engineer of the project of
which his notor was a part.

Dr. Mchael |. Pupin, of the Departnent of Engineering,

Col unbi a Uni versity, analyzing Dobrowol sky's claim (Ibid.,
Dec. 26, 1891) denonstrated that he had failed to
conprehend the basic principles of the Tesla system and
that the three-phase system which he clainmed as his own was
included in Tesla's inventions.

100



C. E L. Brown, the engineer in charge of the pioneering
Lauf fen-Frankfurt 30, 000-volt transm ssion systemand its

t hr ee-phase generating system including the Dobrowol sky
notor, settled definitely and conpletely the question of
credit for the whole system In a letter published in the
Electrical World (Nov. 7, 1891), he concluded with the
statenment: "The three phase current as applied at Frankfurt
is due to the labors of M. Tesla and will be found clearly
specified in his patents.”

M. Brown wote letters to other technical publications to
this sanme effect, and in themcriticized M. Hering for
failing to give Tesla his due credit, and for diverting it
t o Dobr owol sky.

These criticisnms finally brought a response from M.
Hering. This appeared in the Electrical Wrld, Feb. 6,
1892:

As M. C. E. L. Brown, in conmunications to the Electrical
Worl d and other journals, seens determned to insist that I
have negl ected the work of M. Tesla on rotary current |
wish to state there is no one nore willing than nyself to
give M. Tesla due credit for his work, and | have al ways
considered himto be an original inventor of the rotary
field systemand first to reduce it to practice, and
believe | so stated in ny articles. If | have at any tine
failed to give himcredit for the extent to which he
developed it, it has been because M. Tesla has been too
nodest (or perhaps prudent) to let the world know what he
has acconplished. Wen the articles which have caused this
di scussion were being witten M. Tesla's patents were not
accessible to me. Just where M. Dobrowol sky's inprovenents
begin I have not been able to ascertain.

Dobr owol sky, though he may have been an i ndependent
inventor, admts Tesla's work is prior to his . . . The
nodesty of both of these gentlenmen would, | feel sure, |ead
to a clear understandi ng. Regarding the subject of priority
it my be of interest here to say that in a conversation
with Prof. Ferraris |last sumrer that gentleman told me with
very becom ng nodesty that, although he had experi nented
with the rotary field several years before Tesla' s work was
publ i shed he did not think it was possible that Tesla could
have known of his work and he therefore believed Tesl a
invented it entirely independently. He al so stated that
Tesl a devel oped it nmuch further than he (Ferraris) did.
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Thus the scientists and engineers in the United States,
Germany and ltaly gave Tesla clear and unquestioned credit
for being the sole inventor of the magnificent polyphase

el ectrical systemin all of its details. French and British
journals then fell in line.

Thus, by 1892, there was universal acclaimfor Tesla as the
unquestioned i nventor of the alternating-current notor and
t he pol yphase systemin engineering circles. There was

none, therefore, to dispute his claimor to seek to rob him
of credit when his fane reached the public through the
operation of his systemat the Wrld' s Fair in Chicago in
1893, and | ater when his system nmade possible the

har nessi ng of N agara Falls.

In due tine, however, there cane many who clainmed to have
made i nprovenents on Tesla's inventions; and w despread
efforts were made to exploit these "inprovenents." The
West i nghouse Conpany, now owners of the Tesla patents,
undertook to defend the patents and to prosecute
infringers. As a result about twenty suits were carried to
the courts, and, in every one of them decisions gave a
decisive victory to Tesl a.

A sanpl e of the sweeping decisions that were handed down is
that of Judge Townsend in the United States Circuit Court
of Connecticut in Septenber, 1900, when, passing judgnent
on the first group of basic patents, he said in part:

It remained to the genius of Tesla to capture the unruly,
unrestrained and hitherto opposing elenents in the field of
nature and art and to harness themto draw the machi nes of
man. It was he who first showed how to transformthe toy of
Arago into an engi ne of power; the "l aboratory experinment”
of Bailey into a practically successful notor; the
indicator into a driver; he first conceived the idea that
the very inpedinents of reversal in direction, the contra-
i ndi cations of alternations nmight be transformed into
power - produci ng rotations, a whirling field of force.

what ot hers | ooked upon as only invincible barriers,

i npassabl e currents and contradictory forces he seized, and
by harnoni zing their directions utilized in practi cal
notors in distant cities the power of N agara.
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The resentnents and ant agoni snms engendered by the unvarying
series of successful decisions caused individuals who were
adversely affected to vent their antagonisns on Tesla

al t hough he had not in ten years held any persona

interests in the patents.

The situation that developed is well described by B. A
Behrend, later vice-president of the American Institute of
El ectri cal Engi neers:

It is a peculiar trait of ignorant nmen to go always from
one extreme to another, and those who were once the blind
admrers of M. Tesla, exalting himto an extent which can
be I'ikened only to the infatuated prai se bestowed on
victinms of popular adm ration, are now eagerly engaged in
his derision. There is sonething deeply nelancholy in the
prospect, and | can never think of N kola Tesla w thout
warm ng up to ny subject and condemming the injustice and
ingratitude which he has received alike at the hands of the
public and of the engineering profession. (Wstern

El ectrician, Sept., 1907)

Wth the scientific and engi neering worlds, and the courts,
extending to hima clear title to the honor of being the
great pioneer discoverer and inventor of the principles and
machi nes that created the nodern electrical system Tesla
stands without a rival as the genius who gave the world the
el ectrical power age that nmade our nass-production

i ndustrial system possible. The name Tesla shoul d,
therefore, in all right and justice, be the nost fanopus
name in the engineering world today.

RETURNI NG to his laboratory in March, 1893, after his

Eur opean and Anerican | ectures, Tesla banished all social
activities fromhis life program and, bursting with
energy, pitched headlong into experinmental work in
connection with his wirel ess system He nade repeated
experinments in working out the refinement of his principle
of tuning circuits to resonance with each other. He built
nore than one hundred coils covering a w de range of

el ectrical tuning characteristics. He also built nunerous
oscillators for producing high-frequency currents, and
condensers and i nductances for tuning both sendi ng and
receiving coils to any desired frequency or wavel engt h.
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He denonstrated that he could cause any one of hundreds of
coils to respond selectively and powerfully to its
particul ar wavel ength emtted by an oscillator while al
others remained inert; but he discovered that tuned

el ectrical coils have, to a further extent, the sane
properties as tuned nusical string, in that they vibrate
not only to the fundanental note but also to a w de range
of upper, and particularly | ower, harnmonics. This
characteristic could be usefully enployed in connection

wi th the design of sending- and receiving-station antennas,
but it mlitated against the sharp, exclusive response
tuning of coils. At close range, and with the powerful
currents Tesla used in his |laboratory, the harnonics were a
handi cap- - when greater distance separated sendi ng and
receiving coils, this trouble becane a m nor one.

It becane obvious to Tesla that it was going to be dificult
to arrange an early denonstration of his worldw de system
of intelligence and of power, so he planned a conprom se
systemin which he would use a snaller central transmtter
and smaller relay stations at certain distances.

In an interview with Arthur Brisbane, the fanous editor,
Tesl a announced in The world of July 22, 1894, the
certainty of his plans. He said:

you woul d think nme a dreamer and very far gone if | should
tell you what | really hope for. But | can tell you that I
| ook forward with absolute confidence to sendi ng nessages
t hrough the earth without any wires. | have al so great
hopes of transmitting electric force in the sanme way

wi t hout waste. Concerning the transm ssion of nessages

t hrough the earth I have no hesitation in predicting
success. | nust first ascertain exactly how many vibrations
to the second are caused by disturbing the nass of
electricity which the earth contains. My machi ne for
transm tting nust vibrate as often to put itself in accord
with the electricity in the earth.

During the followng winter he designed and built his
transmtting station and a receiving station for this
purpose. It worked well within the close range of the

| aboratory and between points in the city. Like the artist
who is never willing to declare a picture finished but nust
continue to apply an unendi ng series of slight

i nprovenents, Tesla continued to add refinenents so that he
woul d be assured of a perfect test in the spring, when he
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pl anned to take his receiving set up the Hudson River on a
smal |l boat to test its response at extended di stances.

with Tesla, as with Caesar, though, cane tragedy on the

| des of March. For Tesla it was the unlucky 13th of March,
1895, when fire broke out during the night in the | ower
part of the building in which his | aboratory was | ocated
and swept through the entire structure. The two floors on
whi ch his equi prent was | ocated dropped to the basenent,
their entire contents destroyed. Not a single article was
saved. The mmjor portion of Tesla's fortune was invested in
the apparatus in that building. He carried no insurance on
it. The loss was total.

The nonetary | oss was the | east inportant factor in the
shock which Tesl a sustai ned. The apparatus and the

countl ess experinents in scores of subjects with which they
were associated were part of Tesla's self. Hs work of a
lifetime was swept away. Al of his records, papers,
menment os, his fanmobus world's Fair exhibit were gone. H's

| aboratory, in which he had denonstrated his wonders to the
elite and intelligentsia of New York, to the nost fanous
men and wonen of the country and the world, was no nore.
And this tragedy had cone just when he was ready to nake
his first distance denonstration of his wirel ess system

Tesla was in a tough spot financially. The | aboratory was
the property of the Tesla Electric Conpany, owned by Tesl a
and A. K. Brown who had, with an associate, put up the
funds to finance Tesla's denonstration of his pol yphase
alternating-current systemprior to its sale to
West i nghouse for $1,000,000. Sonme of that noney was divi ded
as cash anong the associates, as stated; and the renmai nder
had gone into the laboratory for further devel opnents. The
resources of the conpany were now wi ped out and Tesla's

i ndi vidual resources were al nost at the vani shing point. He
was receiving sone patent royalties from Germany on his

pol yphase notors and dynanos. This income woul d be adequate
to take care of his living expenses but not suficient to
enable himto maintain an experinental |aboratory.

M. Adans, active head of the Mdrgan group that had

devel oped the hydroel ectric station at N agara Falls, using
Tesl a's pol yphase system now cane to the inventor's

rescue. He proposed and arranged for the formation of a new
conmpany whi ch woul d finance the continuation of Tesla's
experiments, and he offered to subscri be one hundred
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t housand dol lars of the proposed half-mllion dollars of
capital stock of the conpany.

with this support Tesla proceeded to set up a new

| aboratory. He secured quarters at 46 East Houston Street,
and started operations there in July, 1895, four nonths
after his South Fifth Avenue | aboratory had been destroyed.

Adanms paid forty thousand dollars as the first installnent
of his subscription. He took an active personal interest in
Tesla's work, and spent a great deal of time in the

| aboratory. Knowi ng fromthe successful operation of the
Ni agara Falls plant that Tesla, technically, was extrenely
practical, Adans was deeply inpressed by the plans for
wirel ess transm ssion of intelligence and of power. He
declared he was willing to go still further than his
original plan of financial support, and he proposed that
the plan include the taking in of his son as an active
partner in Tesla's work.

Such an arrangenent woul d anmount to an alliance for Tesla
with the powerful Mrgan financial group. It was the
support of J. P. Mdrgan that gave financial guidance to the
formati on of the General Electric Conpany and nade possi bl e
the building of the fiaterside Station, the first big

Edi son power house in New York, and it was a Morgan group

t hat, by maki ng possi ble the devel opnent of N agara, had
given the Tesla system a trenendous boost. The prestige
that would conme froma Mrgan associ ati on woul d probably be
even nore potent than the actual nonetary aid invol ved.
with this alliance Tesla's financial future was assured.
There would cone to his aid, through it, the support of the
wor |l d's greatest organi zati onal genius and practi cal
pronoti on powers. The tragedy of the fire that brought
about this situation could yet prove a great bl essing.

Tesl a made his decision. what influenced himto reach the
determ nation that guided him no one ever |earned. He
rejected M. Adans' offer. Froma practical point of view
there is no way of explaining his action. But no one could
ever successfully denonstrate that Tesla was practical in a
commerci al and financial sense.

with the forty thousand dollars that Adans subscri bed,
Tesla was able to keep actively engaged in research for
about three years. He probably coul d have secured
subscriptions of many tines that anmount if he had been
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willing to put forth even a slight effort in that
direction, but he was interested mainly in getting his
experinments well under way rather than worrying about
future financial needs. He had full faith that the future

would bring himmany mllions of dollars as a token of the
many billions of value he would give it through his
i nventi ons.

It took Tesla about a year to get his |aboratory equi pped
and to build an array of experinental apparatus. Al nost
not hi ng that he used could be purchased in the market;
everything had to be specially nade by his worknen under
his direction. In the spring of 1897 he was ready to nake,
on his wireless transmtter and receiver, the distance
tests which had been interrupted by the fire two years

bef ore.

The success of these tests were announced by Tesla in an
interviewwth a representative of the Electrical Review
whi ch was published in the issue of July 9, 1897, of that
journal. It stated:

Nearly every tel egraphic inventor has for years dreaned in
hi s waki ng hours of the possibility of comrunicating
without wwres. Fromtine to tinme there has appeared in the
technical journals a reference to the experinments show ng
t he al nost universal belief anong electricians that, sone
day, wires will be done away wi th. Experinents have been
made attenpting to prove the possibilities, but it has
remai ned for M. N kola Tesla to advance a theory, and
experimentally prove it, that wirel ess communication is a
possibility and by no neans a distant possibility. |ndeed,
after six years of careful and conscientious work, M.
Tesla has arrived at a stage where sone insight into the
future i s possible.

A representative of the Electrical Review receives the
assurance personally from M. Tesla who, by the way, is
nothing if not conservative, that electrical comrunication
wi thout wires is an acconplished fact and that the nethod
enpl oyed and the principles involved have nothing in them
to prevent nessages being transmitted and intelligibly
recei ved between distant points. Already he has constructed
both a transmtting apparatus and an el ectrical receiver
which at distant points is sensitive to the signals of the
transmitter, regardless of earth currents or points of the
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conmpass. And this has been done with a surprisingly small
expendi ture of energy.

Naturally, M. Tesla is averse to explaining all details of
his invention, but allows it to be understood that he
avails hinself of what, for the present, may be terned the
el ectrostatic equilibrium that if this be disturbed at any
point on the earth the di sturbance can with proper
apparatus be distinguished at a distant point and thus the
means of signalling and readi ng signals becones practicable
once the concrete instrunents are available. M. Tesla
announced his belief in the possibilities, but he did so
after having satisfied hinself by actual test of apparatus
designed by him Mch work has yet to be done, and he has
since then given close attention and study to the problem

Details are not yet available, for obvious reasons, and we
now nerely chronicle M. Tesla's statement that he has
really acconplished wirel ess conmuni cati on over reasonably
| ong di stances with snmall expenditure of energy and has
only to perfect apparatus to go to any extent. Mrse's 40
mle experinment in the old days was on a far less certain
basis than the wirel ess possibilities of today.

Tesla's work with high frequency and high potenti al
currents has been notable. As long ago as 1891 he foretold
the present results, both as to vacuumtube |ighting and

i nt ercomuni cation without wires. The former has in his
hands assuned a condition capable of a public denpbnstration
of the phenonena of the electrostatic nol ecul ar forces.
Nunber| ess experinments were carried out, and from what then
was a startling frequency of 10,000 per second M. Tesla
has advanced to what now is a noderate rate at 2,000, 000
oscillations per second

Thi s announcenent recorded the birth of nodern radio--radio
as it is in use today--born on a boat traveling up the
Hudson River, carrying the receiving set twenty-five nmles
fromthe Houston Street |aboratory, a distance which was a
smal | fraction of the range of the set but enough to
denonstrate its capabilities. Such an acconplishnment was
worthy of a flanboyant smash announcenent instead of
Tesla's very nodest statenment and the even nore
conservative manner in which the Electrical Reviewtreated
the news. Tesla had to protect not only his patent rights,
whi ch woul d be jeopardi zed by premature disclosure, but

al so had to be on guard against invention invaders and

108



patent pirates, with whom he had previously had unpl easant
experiences. The Electrical Review, naturally enough, was
fearful of the consequences of "sticking its neck out" by
too enthusiastic a reception before full details were
avai |l abl e.

The fundanental patents on Tesla's system were issued on
Sept enber 2, 1897, just two nonths after his announcenent.
They are nunbered 645,576 and 649,621. In these patents he
describes all the fundanental features of the radio
broadcasting and receiving circuits in use today. Once
patent protection was secured, Tesla did not long delay in
letting the public in on his discoveries. H's presentation
took the formof a spectacul ar denonstrati on at Mdi son
Squar e Garden.

W reless transm ssion of intelligence is a nodern
satisfaction of one of the oldest cravings of man, who has
al ways sought the annihilation of distance by comuni cation
t hrough space without material |inkage over the intervening
expanse. Early experinmenters with the tel ephone,
particularly, were enthusiastic seekers of a method of

wirel ess electrical communication that woul d convey the

voi ce through space in the manner in which the air
conduct ed sound. David Edward Hughes had noted, in 1879,
that when an electric spark was produced anywhere in his
house he heard a noise in his tel ephone receiver. He traced
the effect to the action of the carbon granules in contact
with a netal disk in his tel ephone transmtter which acted
as a detector of the space waves by sticking together
slightly, reducing the resistance of the mass, and
producing a click in the receiver.

Prof. A. E. Dol bear, of Tufts College, anplified this
observation and set up, in 1882, a denonstration set using
the principle but elimnating the tel ephone set. He used a
spark coil for creating waves and a nass of carbon granul es
for detecting them This is exactly the "wirel ess” system
whi ch Marconi "di scovered" fourteen years |ater

Edi son, engaged by the Western Uni on Tel egraph Conpany to
break the nonopoly which Bell held by his invention of the
t el ephone, had succeeded, in 1885, in sending a nessage
froma noving train by "wireless.” Awre strung on the
train paralleling a telegraph wire strung on pol es al ong
the track made it possible to bridge the intervening few
feet by an inductive effect--the sane effect which causes
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annoyance by creating "cross talk,” or a m xing of
conversations over two tel ephone circuits |ocated close to
each other. fi. M Preece, in England, nade a sim|lar
experi ment about the sane tine. The extrenely short

di stances over which such systens worked prevented t hem
from having any practical useful ness.

An entirely different type of wirel ess conmuni cati on had
been devel oped by Al exander Graham Bell in 1880 and 1881
This was given the nane radi ophone, but Bell insisted on
calling it the photophone. The photophone transmtted the
voi ce over a beamof light. The transmtter consisted of a
very thin glass or mca mrror, which could be vibrated by
the voice. This reflected a beamof |ight, usually
sunlight, to a distant receiving device. The sinple

recei ver consisted of a chemst's test tube, into which a
selected material was placed. The top of the tube was

cl osed by a cork through which two small rubber tubes were
inserted, the other ends being placed in the ears. A very
great variety of materials could be placed in the test tube
as detectors. when the beamof |ight, vibrated by the

voi ce, inpinged on the material in the tube, an absorption
of heat took place which set the air in the tube in

vi bration, thus reproducing the voice that was carried by
the light beam Bell also used seleniumas a detector. It
responded to the visible rays and produced an el ectrical
effect. The experinments, obviously, were of little
practical value as the basis for a system of wirel ess
conmuni cati on

M chael Faraday, in London, had described in 1845 his
theory of the relationship between |ight and the

el ectromagnetic lines of force; and in 1862 Janes Cerk
Maxwel | published an anal ysis of Faraday's work which gave
a mat hemati cal basis for the theory that |ight waves were
el ectromagnetic in nature, and that it was possible for
such waves to exist very nuch shorter and very nuch | onger
t han the known wavel ength of visible light. This was a
chal l enge to scientists to prove the existence of such
waves.

Prof. Heinrich Hertz, at Bonn, Gernany, from 1886 to 1888,
undert ook the search for the waves |onger than |ight or
heat. He produced them by the spark di scharge of an

i nduction coil and recaptured them from space, at short

di stances, in the formof a tiny spark that junped the gap
in aslotted ring of wire. Sir diver Lodge, in England,
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was simultaneously seeking to neasure equally small
el ectrical waves in wire circuits.

This, then, had been the situation in the scientific world
when Tesl a began his work in 1889. The plan for wirel ess
comruni cati on which he presented in 1892 and 1893, as w ||
be described in a nonent, shows how his magnificent concept
and trenmendously advanced know edge towered nountain high
over all contenporaries.

when Tesla | eft the Westinghouse plant in the fall of 1889,
he had imrediately turned to the next phase of his

devel opnent of the alternating-current Wel d--a new system
of distributing energy by nmeans of high-frequency
alternating currents which would be a far nore magnificent
di scovery than his pol yphase system w thin the next two
years he had explored the principles by which energy could
be di stributed broadcast w thout the use of wires, and

t hese he had denonstrated with powerful coils in his

| aboratory. The distribution of intelligence, later called
"Wreless," was but a single phase of the |larger project.

Tesl a described, in 1892, the first electronic tube
designed for use as a detector in a radio system and
denonstrated its characteristics in his |ectures in London
and Paris in February and March of that year. (The tube,
however, had been devel oped in 1890.) He described in
February and March of the follow ng year, 1893, his system
of radi o broadcasting, presenting its principles in detail,
in lectures before the Franklin Institute in Philadel phia
and at the convention of the National Electric Light
Association held in St. Louis.

Tesla's electronic tube, his 1890 i nvention, was the
ancestor of the detecting and anplifying tubes in use
today. H's denonstration of this tube is a matter of record
in the archives of four societies before which he exhibited
it in February and March of 1892--the Institute of

El ectrical Engineers and the Royal Society of London and

t he Physical Society of France and the International
Society of Electrical Engineers in Paris. He stated in

t hese | ectures:

If there is any notion which is neasurable going on in

space, such a brush ought to reveal it. It is, so to speak,
a beamof light, frictionless, devoid of inertia.
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| think it may find practical applications in telegraphy.
with such a brush it would be possible to send di spatches
across the Atlantic, for instance, with any speed, since
its sensitiveness nmay be so great the slightest changes
will affect it.

The "brush” in Tesla's tube was a beam of el ectrons. The
el ectron, however, had not yet been discovered.
Nevert hel ess, Tesla gave an accurate description of its
nature, denonstrating the remarkabl e accuracy of his
interpretation of strange phenonena. So sensitive was this
el ectronic beamthat a snmall horseshoe magnet an i nch w de
at a distance of six feet caused novenent of the electron
beamin either direction, depending on the position in

whi ch t he nmagnet was hel d.

| f anyone approached the tube froma di stance of many feet
the beam or brush, would swing to the opposite side of the
tube. If one wal ked around the tube even at a di stance of
ten feet, the beam woul d nove |ikew se, keeping its center
end al ways pointed at the noving object. The slightest
novenent of a finger, or even the tensing of nuscle, would
bring a swi nging response fromthe beam

In the same 1892 | ecture in which he described this first
el ectronic tube, Tesla denonstrated | anps which were
lighted without wire connections (wireless light) and al so
a notor which operated without wire connections to the
energizing coils (wireless power); and he had again
presented these devel opnents at his exhibition at the

Chi cago Col unbi an Exposition early in 1893.

It was with all this experience behind him giving himful
assurance that his systemwas entirely practical and
operative, that Tesla presented at the Franklin Institute
and at the convention of the National Electric Light
Association in February and March, 1893, a very cauti ous
and conservative statement concerning his plan. Even at

t hese 1893 |l ectures, Tesla could have staged a
denonstration of wireless transm ssion of intelligence by
pl aci ng one of his resonant coils, surnounted by one of his
el ectronic "brush"” tubes, or one of his |owpressure air

| anps, in the lecture hall and causing it to respond to
signals sent out by an energized coil of simlar wavel ength
but | ocated at a considerable distance fromthe building.
The experinent was a standard procedure in his |aboratory.
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Thi s, however, would be a purely |ocal effect, whereas his
radi o transm ssion system was one planned on a worl d-w de
basis requiring much nore powerful apparatus than he had
thus far built. To pass off a purely local effect as a
denonstration of a world-wi de system even though the
observed results woul d have been identical, would have been
a case of intellectual dishonesty to which Tesla would not
stoop; yet this denonstration of w reless would have been
nore spectacul ar and powerful than any staged by any ot her
inventor in nore than a half-dozen years foll ow ng.

Describing his world-wi de systemat the 1893 Nati onal
El ectric Light Association neeting, he said:

In connection with resonance effects and the probl ens of
transm ssion of energy over a single conductor, which was
previously considered, | would say a few words on a subj ect
whi ch constantly fills my thoughts, and which concerns the
wel fare of all. I nean the transmission of intelligible
signals, or, perhaps, even power, to any distance w thout
the use of wires. | am becom ng nore convinced of the
practicability of the schene; and though I know full well
that the great majority of scientific nen will not believe
that such results can be practically and i medi ately
realized, yet | think that all consider the devel opnents in
recent years by a nunber of workers to have been such as to
encour age thought and experinment in this direction. MWy
conviction has grown so strong that I no | onger | ook upon
the plan of energy or intelligence transm ssion as a nere
theoretical possibility, but as a serious problemin

el ectrical engineering, which nmust be carried out sonme day.

The idea of transmtting intelligence without wires is the
natural outcone of the nost recent results of electrical

i nvestigations. Sonme enthusiasts have expressed their
belief that tel ephony to any di stance by induction through
air is possible. | cannot stretch ny imgination so far,
but I do firmy believe that it is practical to disturb, by
nmeans of powerful machines, the electrostatic conditions of
the earth, and thus transmt intelligible signals, and,

per haps, power. In fact, what is there against carrying out
such a schene?

We now know that electrical vibrations nay be transmtted
t hrough a single conductor. why then not try to avai
ourselves of the earth for this purpose? W need not be
frightened by the idea of distance. To the weary wanderer
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counting the m |l eposts, the earth may appear very | arge;
but to the happiest of all nen, the astrononer, who gazes
at the heavens, and by their standards judges the magnitude
of our globe, it appears very small. And so | think it nust
seemto the electrician; for when he considers the speed
with which an el ectrical disturbance is propagated through
the earth, all his ideas of distance nust conpletely

vani sh.

A point of great inportance would be first to know what is
the capacity of the earth, and what charge does it contain
if electrified. Though we have no positive evidence of a
charged body existing in space w thout other oppositely

el ectrified bodies being near, there is a fair probability
that the earth is such a body, for by whatever process it
was separated--and this is the accepted view of its origin-
-it nmust have retained a charge, as occurs in all processes
of mechani cal separation

| f we can ever ascertain at what period the earth's charge,
when di sturbed, oscillates, with respect to an oppositely
charged system or known circuit, we shall know a fact

possi bly of the greatest inportance to the welfare of the
human race. | propose to seek for the period by nmeans of an
el ectrical oscillator or a source of alternating currents.

One of the terminals of this source would be connected to
the earth, as, for instance, to the city water mains, the
other to an insulated body of large surface. It is possible
that the outer conducting air strata or free space contains
an opposite charge, and that, together with the earth, they
forma condenser of |arge capacity. In such case the period
of vibration may be very |ow and an alternating dynano
machi ne m ght serve for the purpose of the experinent. |
woul d then transformthe current to a potential as high as
it would be found possible, and connect the ends of the

hi gh tension secondary to the ground and to the insul ated
body. By varying the frequency of the currents and
carefully observing the potential of the insul ated body,
and watching for the disturbance at various nei ghboring
points of the earth's surface, resonance m ght be detected.

Shoul d, as the majority of scientific men in al
probability believe, the period be extrenely small, then a
dynano machi ne woul d not do, and a proper electrica
oscillator would have to be produced, and perhaps it m ght
not be possible to obtain such rapid vibrations. But

114



whet her this be possible or not, and whether the earth
contains a charge or not, and whatever may be its period of
vibration, it is certainly possible--for of this we have
dai |y evidence--to produce sone electrical disturbance
suficiently powerful to be perceptible by suitable
instrunments at any point on the earth's surface.

Theoretically, then, it could not require a great anount of
energy to produce a di sturbance perceptible at a great

di stance, or even all over the surface of the gl obe. Now,
it is quite certain that at any point within a certain
radi us of the sources, a properly adjusted self induction
and capacity device can be set in action by resonance. But
not only this can be done, but another source, s 1, simlar
to s, or any nunber of such sources, can be set to work in
synchronismwith the latter, and the vibration thus
intensified and spread over a large area, or a flow of
electricity produced to or fromsource s 1, if the sane or
of opposite phase to the source s.

| think that, beyond doubt, it is possible to operate

el ectrical devices in a city, through the ground or pipe
system by resonance froman electrical oscillator |ocated
at a central point. But the practical solution of this
probl em woul d be of inconparably smaller benefit to man
than the realization of the schene of transmtting
intelligence, or, perhaps, power, to any distance through
the earth or environing medium If this is at all possible,
di stance does not nean anything. Proper apparatus nust
first be produced, by neans of which the problemcan be
attacked, and | have devoted nuch thought to this subject.
| amfirmy convinced it can be done, and | hope we shall
live to see it done.

The | ecture before the Franklin Institute contained a
simlar statenent. An additional paragraph fromit can be
guot ed:

| f by neans of powerful nachinery, rapid variations of the
earth's potential were produced, a grounded wire reaching
up to sone height would be traversed by a current which
coul d be increased by connecting the free end of the wire
to a body of sonme size. . . . The experinent, which would
be of great scientific interest, would probably best
succeed on a ship at sea. In this manner, even if it were
not possible to operate machinery, intelligence m ght be
transmtted quite certainly.
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Tesl a thus presented in these |l ectures the principles which
he had learned in his |aboratory experinents, during the
previous three years, were necessary for successful

Wi rel ess conmuni cati on.

Several fundanental requirements were presented which wll
be understood by any non-techni cal person who has had even
slight experience with radio receiving sets: 1. An antenna,
or &aerial wre; 2. A ground connection; 3. An &aerial-
ground circuit containing inductance and capacity; 4.

Adj ust abl e i nductance and capacity (for tuning); 5. Sending
and receiving sets tuned to resonance wi th each other; and
6. Electronic tube detectors. He had still earlier invented
a | oud speaker.

These enbody the fundanental principles of radio, and are
used in every sending and receiving set today.

Radio as it exists today is, therefore, the product of the
genius of Nikola Tesla. He is the original inventor of the
system as a whole and of all the principal electrical
conponents. The man who, next to Tesla, is entitled to the
greatest anount of credit is Sir Aiver Lodge, the great
English scientist. Even Lodge, however, failed to grasp the
fundanmental picture that Tesla presented.

Lodge, early in 1894, had put a Hertz spark gap in a copper
cylinder open at one end; and in this way he produced a
beam of ultra-short-wave oscillations which could be
transmtted in any direction. He did the sane for the
receiving set. Since the incomng waves coul d be received
fromonly one direction, this receiving set was able to

| ocate the direction fromwhich the transmtted waves cane.
with this set he conpletely anticipated Marconi by two
years. In the sumer of that year, in a denonstration
before the British Association for the Advancenent of

Sci ence at Oxford, he sent Mdrse signals, with an inproved
set, between two buil dings separated by several hundred
feet.

It is little wonder, then, that Marconi, who started his
studies of wireless in 1895, created no stir in the
scientific circles in England when he cane fromltaly to
London in 1896 with a wireless set that in every essenti al
feature was the sanme as that demonstrated by Lodge in 1894,
He used a parabolic reflector, so his set was little nore
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than an electrical searchlight. He did, however, bring an
alternative feature to replace the parabolic beam
reflector. This was a ground connection and antenna, or
&aerial wire, for both sending and receiving set. This was
exactly what Tesla had described in his plan published
three years before.

when Hertz nade his experinents to denonstrate the
identical nature of |ight and | onger el ectronagnetic waves,
he intentionally sought to use the shortest waves it was
practicable to produce. They were neasured in inches--nuch
|l ess than a yard long. They were entirely satisfactory for
his experinent. when the wrel ess experinenters copied his
nmet hods they took over the short-wave plan w thout ever
asking a question as to what wavel ength shoul d be used for
wi rel ess conmuni cati on; the thought seens not to have
dawned on themthat there were other wavel engths that could
be produced and used--all except Tesl a.

Tesla took the trouble, with the spirit of a real scientist
to repeat exactly the experinments of Hertz; and he
published his results, stating that he found a nunber of

i mportant differences and calling attention to the

i nadequaci es of Hertz's experinental nethods.

Havi ng experinmented with a wi de ganut of wavel engths of

hi gh-frequency currents and studi ed the properties of each
section of the spectrum he knew that the short wavel engt hs
were totally unsuitable for comuni cati on purposes. He knew
that the useful wavel engths ranged from 100 neters to nany
t housands of neters. He knew that the conbination of

i nduction coil and Hertz ball-type spark-gap oscill ator
coul d never have any practical useful ness in producing the
ki nd of electrical pulsations required. Even with the

hi ghly efficient apparatus avail abl e today, scientists have
been unable to use in comruni cation (except for special

pur poses) the ultra-short waves which Tesla in his w sdom
condemmed and Marconi, owing to his inexperience, tried to
use.

The history of the succeeding years in wireless is the
story of the failure of the short waves of Lodge and
Marconi and their followers, and the shifting over to the

| onger waves described by Tesla; and the dropping of their
crash nethod of signaling and its replacenent by the
refined and highly efficient method of tuning to each other
the sending and receiving stations by the nethods
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di scovered by Tesl a; and adoption of Tesla's continuous
waves.

In addition, these groping workers sawin wireless only a
poi nt-to-point or station-to-station nmethod of signaling.
None of them foresaw the broadcasting system which Tesla
described in 1893. The systeminvented and di scovered by
Tesla is the one in use today; but who ever heard anyone
giving Tesla the slightest credit?

NI NE

TESLA was prolific in opening up vast new enpires of

knowl edge. He showered his discoveries on the world at such
a rapid rate and in such a nonchal ant manner that he seens
to have benunbed the m nds of the scientists of his age. He
was too busy to spend tine devel oping the technical or
comerci al applications of each new di scovery--there were
too many other new and inportant revelations within his
vision that nust be brought to light. D scoveries were not
happenst ance events to him He visualized themfar in
advance of their unfolding in the | aboratory. He had a
definite program of pioneering research in virgin fields of
i nvestigation; and when this was acconplished he woul d, he
felt, have a long lifetine still ahead of himin which he
could return to the practical utilization of those already
reveal ed.

Meanwhi | e, he had found a whole new world of interesting
effects in the discharges produced by his coils when

energi zed with the currents of extrenely high frequency. He
built larger and larger coils and experinented with a

vari ety of shapes as constructions. Fromthe comon
cylindrical type of coil he devel oped the cone-shaped coil,
and this devel opnment he carried still further by designing
the flat helix, or pancake-shaped coil.

The extrenely high-frequency currents furnished a

mat hemat i cal paradi se in which Tesla could develop his
equations to his heart's content. Through his mathenati cal
abilities and his strange power of visualization he could
frequently make, very quickly, whole series of discoveries
that it took a long tinme to catch up with in actua

| aboratory constructions. This was true of the phenonena of
resonance, or tuned circuits.
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Because of their relatively short wavel ength, it was
conparatively easy to build condensers for tuning the
circuits. when a circuit is tuned the electric current that
flows in it oscillates rhythmcally, just as does a nusical
string which, when struck or plucked, vibrates and buil ds
up | oops of even lengths with notionless points between
them There nmay be only one of these | oops, or there can be
many.

Tesla did not invent the idea of electrical resonance. It
was i nherent in the mathenmatical description of the
condenser discharge as devel oped by Lord Kelvin, and in the
physical nature of alternating currents; but Tesla changed
it froma buried mathemati cal equation to sparking physical
reality. It is the anal ogy of acoustical resonance which is
a natural property of matter. However, there were no
practical circuits in which resonance could manifest itself
until Tesla devel oped alternating currents, particularly

t he hi gh-frequency currents. He put the master's touch to
the research in this field by devel oping the principle of
resonance in individual circuits through adjustnent of
capacity and inductance; the anplification of effects by

i nductive coupling of two tuned circuits, and the peculiar
mani f estations of resonance in a circuit tuned to a quarter
of the wavel ength of the energizing current. This latter
devel opnent was a stroke of pure genius.

In the vibrating string, two | oops neasure a conplete
wavel ength and one | oop neasures half a wavel ength, since
one of the loops is up when the other is down. Between the
two | oops is a nodal point which does not nove. Fromthe
nodal point to the top of a loop is a quarter wavel ength.
Taking the quarter wavel ength as a unit, one end is

noti onl ess and the other end sw ngs through the greatest
anplitude of vibration.

By tuning his coils to quarter wavel engths, one end of the
coil, Tesla found, would be entirely inactive while the

ot her end woul d swi ng through trenmendous el ectrica
activity. Here was a uni que situation, one end of a snal
coil inert and the other end spouting a flood of sparks of
hundreds of thousands or even millions of volts. In a
physi cal analogy it seened |like the N agara River reaching
the edge of the precipice--and then its waters shooting
mountain high in a gigantic fountain instead of falling
into the chasm
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The quarter-wavel ength coil is the electrical counterpart
of the vibrating tine of the tuning fork, the ordinary

cl ock pendulum or the vibrating reed. Once acconpli shed,
it was a sinple thing--but its discovery was a work of
genius. It was a devel opnent that could have conme with
certainty to a master m nd working on broad principles, as
Tesla was doing all his life, and only by the nost

i mpr obabl e chance to those who without illum nation were
tinkering with gadgets and hoping to stunble on sonething
out of which they could nmake a fortune.

A high-voltage coil with one dead end greatly sinplified
many problens. One of Tesla's big problens had been the
finding of nmeans to insulate the high-voltage secondary
coil of transformers fromthe | owvoltage primary which
energized it. Tesla' s discovery elimnated the voltage
entirely fromone end of the secondary so it could be
connected directly to the primary or to the ground, while
the other end continued to spout its lightning. It was for
utilizing this situation that he devel oped the conical and
pancake-shaped coils.

Tesla's | aboratory was filled with a variety of coils. He
di scovered early in his researches that while operating a
coil of a given wavel ength, other coils in the | aboratory,
tuned either to this wavel ength or one of its harnonics,
woul d respond synpat hetically by spouting a crown of sparks
al t hough not connected in any way to the operating coil.

Here was an exanpl e of transm ssion of energy to a distance
t hrough space. It was not necessary for Tesla to nmake a
series of experinents to understand the inplications of
this situation. He was never lost in a new territory which
he opened. His mind rose to such hei ghts of understandi ng
that he could survey a revealed world in a gl ance.

Tesl a pl anned a spectacul ar denonstration of the new
principle. He had his workmen string a wire on insul ating
supports on all four walls near the ceiling of the | argest
roomin his |aboratory. The wire was connected to one of
his oscillators.

It was |l ate at night when the installation was ready for

the experinent. In order to nake the test, Tesla prepared
two tubes of glass about three feet long and a half-inch in
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di aneter. He seal ed one end of each, slightly evacuated the
air fromthe tubes and then seal ed the ot her ends.

Tesla told the worknmen he wanted the room conpletely

darkened for the test, all lights out; and when he gave the
signal he wanted the switch of his oscillator closed. "If
my theory is correct,” he explained, "when you close the
switch these tubes will becone swords of fire."

wal king to the mddle of the room Tesla gave orders to turn
out all lights. The | aboratory was in pitch darkness. A
wor kman stood with his hand on the switch of the

oscill ator.

"Now! " shout ed Tesl a.

Instantly the great roomwas flooded with brilliant but
weird bl ue-white light and the worknmen beheld the tall,
slimfigure of Tesla in the mddle of the room waving

vi gorously what | ooked like two flam ng swords. The two

gl ass tubes glowed with an unearthly radi ance, and he woul d
parry and thrust with themas if he were in a double
fenci ng mat ch.

To the worknen in the laboratory, it was a common
experience for Tesla to performspectacul ar feats; but this
went beyond all limts. He had previously lighted his

el ectric vacuum | anps but they were always connected to
coils that supplied themwith electricity. Now they |ighted
Wi t hout being connected to any source of electricity.

Thi s denonstration, nade in 1890, led to Tesla's adopting

t he technique as the permanent nmethod of |ighting his

| aboratories. The | oop around the ceiling was al ways

energi zed; and if anyone wished a light at any position, it
was only necessary to take a glass tube and place it in any
conveni ent | ocati on.

when tesla undertook the devel opnment of a new kind of
electric light, he went to the sun for his nodel. He saw in
t he photo- sphere, or outer gaseous |ayer of the sun, |ight
bei ng created by the vibration of nolecules. That was the

t heory then preval ent; and he sought to use the sane

met hod.

In the trenendous burst of revel ati on which he received in
the park at Budapest as he gazed into the flam ng orb of
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the setting sun, there had flashed into his mnd, as we
have seen, not only the marvel ous invention of the rotary
magnetic field and the many uses of nultiple alternating
currents, but also the grand generalization that everything
in Nature operated on the principle of vibrations that
corresponded to alternating currents. The host of

i nventions and di scoveries which he made in all succeeding
years had their roots, too, in that subline experience.

In the sun, it was believed, |ight was created when the

nol ecul es were vibrated by heat. Tesla sought to inprove on
this method by vibrating the nol ecul es by el ectrical

forces. The sparks and electrical flames created by his

hi gh-vol tage coils were associ ated, he believed, with

nol ecul ar vibrations in the air. If he could bottle the
gases of the air and set themin vibration electrically,

t hey shoul d produce light w thout heat, since the energy
was supplied by cold electric currents.

Sir fiilliam Crookes, who, |ong before Edison, produced an
i ncandescent electric Iight by sealing an electrically
heated wire in a vacuum tube, had carried out an extended
series of experiments in conducting electricity through the
gases in glass vessels under a variety of conditions
rangi ng from at nospheric pressure to the hi ghest vacuum

obt ai nabl e, and had produced sone strange effects. Crookes
used the high-voltage current produced by the ol d-fashi oned
i nduction coil.

Tesl a expected that when he bottled the strange effects he
had observed with his currents of extrenmely high frequency,
he woul d produce nmanifestations radically different from

t hose found by Crookes, or Ceissler, who also worked in
this field. In this he was not di sappointed.

Four types of an entirely new kind of electric light were
produced by Tesla, using electrically activated nol ecul es
of gas: 1. Tubes in which a solid body was rendered

i ncandescent; 2. Tubes in which phosphorescent and
fluorescent materials were caused to |um nesce; 3. Tubes in
whi ch rarefied gases becane | um nous, and 4. Tubes in which
lum nosity was produced in gases at ordinary pressures.

Li ke Crookes, Tesla passed his high-frequency currents
t hrough gases at all pressures, from | owest-pressure vacuum
to normal atnospheric pressure, and obtained brilliant
| um nous effects exceeding anything previously attained. He
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substituted for air in his tubes other gases, including
mercury vapor, and observed the peculiar color and ot her
effects they yiel ded.

Noting the variety of colors the various gases, and even
air, showed under different pressures, Tesla suspected that
not all of the energy radiated was given off as visible
light, but that sone of it emanated as black light. Testing
this hypothesis, he placed sul phide of zinc and ot her
phosphorescent and fl uorescent materials in his tubes and
caused themto glow. In these experinents (they were nade
in 1889) Tesla laid the foundation for our nost recently
devel oped type of highly efficient |anps used in
fluorescent |ighting which are generally believed to have
been invented in recent years. This systemof utilizing the
wasted ultra-violet or invisible black |ight by changing it
to visible |ight by neans of phosphorescent substances is
Tesla's invention. Roentgen was using simlar tubes, but of
plain glass and the fluorescent substance on a table in his
| aboratory when, a hal f-dozen years |ater, he discovered X-
rays. Tesla invented, also, the neon-tube type of |anp, and
even bent his tubes to formletters and geonetrical shapes,
as is done in neon-tube signs. This is true in spite of
sonme ant ecedent and concurrent | aboratory experinents by
Crookes and J. J. Thonpson, neither of whom devel oped any

| anps or practical applications.

Tesl a had di scovered early in 1890 that his high-frequency
currents had properties so different fromthe ordinary

i nduction-coil, or spark-coil, currents, that he was able
to light his tubes just as well, and sonetines even better,
with only one wire connecting themwth the high-tension
transforner, the return circuit being effected wirelessly

t hrough space.

In working with types of |anps consisting of tubes in the
center of which there was a conducting wire, and with the
tube filled with air under a partial vacuum Tesla

di scovered that the gas woul d serve as a better conductor
of the high-frequency current than the wire. Fromthis
observation he was able to devel op many spectacul ar
experinments which appeared to violate the nost fundanental

| aws of electricity. He was able to short circuit |anps and
ot her apparatus with heavy bars of netal which, with
ordinary currents, would conpletely deprive the devices of
el ectricity so they would be unable to operate. However,
with his high-frequency currents, the |lanps would |Iight and
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t he devices operate just as if the short-circuiting bar
were not present.

One of his startling experinments consisted of placing a

| ong glass tube partially evacuated of its air inside a
slightly I onger copper tube with a closed end. A slit was
cut in the copper tube in its central section so the tube

i nside woul d be seen. when the copper tube was connected in
the high-frequency circuit, the air in the tube was

brilliantly illum nated; but no evidence could be found of
any current flow ng through the short-circuiting copper
shell. The electricity preferred to pass through the gl ass
tube, by induction, to the enclosed partially evacuated
air, pass through the |low-pressure air for the full l|ength

of the tube, and then pass out the other end by induction,
rather than traverse the conplete nmetal path in the
surroundi ng netal tube.

we have then, [said Tesla], as far as we can now see, in
the gas a conductor which is capable of transmtting

el ectric inpulses of any frequency which we may be able to
produce. Could the frequency be brought high enough, then a
gueer systemof distribution, which would be likely to

i nterest gas conpani es, mght be realized; netal pipes
filled with gas--the netal being the insulator and the gas
t he conductor- - suppl yi ng phosphorescent bul bs, or perhaps
devi ces not yet invented.

Thi s remarkabl e conductivity of gases, including the air,
at | ow pressures, later |led Tesla to suggest, in a
publ i shed statenment in 1914, a systemof lighting on a
terrestrial scale in which he proposed to treat the whole
earth, with its surroundi ng atnosphere, as if it were a
singl e | anp.

The atnosphere is under the greatest pressure at the
surface of the earth, owing to the weight of the overlying
air. As we go higher in the air there are increasing
anounts bel ow us and | ess above, so, the greater the

el evation, the lower is the pressure of the air.

At higher altitudes the gases in the atnosphere are in the
same condition as the air in the partially evacuated tubes
he prepared in his | aboratory, Tesla expl ained, and
therefore it would serve as an excel |l ent conductor of high-
frequency currents. The aurora borealis is a natural
exanpl e of the effect Tesla sought, and it is produced by
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Nat ure as Tesl a planned; but this was not known when he
evol ved his idea.

The flow of a suficient anbunt of the electricity in the
right formthrough the upper regions of the atnosphere
woul d cause the air to becone | um nous. The whole earth
woul d be transfornmed into a giant |anp, with the night sky
conpletely illumnated. It would be unnecessary, he pointed
out, to use any |anps along streets, roads or other outdoor
areas, except during periods in which storns or |ow clouds
prevail ed. Ccean travel woul d be nmade safer and nore

pl easant, for the sky over the whol e ocean woul d be

illum nated, making the night as bright as day.

The met hods by which Tesla intended to conduct his high-
frequency currents to the upper air have not been
publ i shed. when he outlined the project, he stated that the
plan did not present any dificulties that could not be
handl ed in a practical way. This nmeant that he had definite
means for acconplishing his purpose.

The air, he stated, possesses a high degree of conductivity
for high-frequency currents at an altitude of 35,000 feet,
but could be used effectively at lower altitudes. The
accuracy of Tesla's prediction with respect to the
conductivity of the upper air is attested by one of the
probl ens encountered today in the operation of airplanes at
altitudes even |lower than 25,000 feet. The ignition system
carrying high-voltage currents to the spark plugs in the

ai rpl ane engi nes, which expl odes the gas in the cylinders,
has been giving trouble at the higher altitudes because the
electricity escapes with a great deal of freedominto the
surrounding air. At lower altitudes the air is an excellent
insul ator, especially for direct current and | owfrequency
currents, but, as Tesla discovered, at the higher altitudes
where | ow pressures prevail it becones an excell ent
conductor for the high-frequency currents. The wires

| eading to spark plugs becone surrounded by a corona, or

el ectrical halo, which indicates the escape of the current.
This interferes with the efficiency, if it does not
entirely prevent the operation, of devices enploying high-
frequency or high-potential currents, such as radio
apparatus. (Since Tesla discovered that netal wres and
rods which act as excellent conductors for direct and | ow
frequency currents can act as excellent insulators for his
hi gh-frequency currents, it is obvious that the comon
suggestion made for delivering a current to the upper air
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by neans of netal cables suspended from balloons is
entirely inpractical.)

This proposal by Tesla to transformthe earth into a gi ant

| anp was again referred to by himin the twenties. At this
time he was without funds for carrying on experinental

wor k, and, as he never announced details until after he had
tested themin practice, he withheld a disclosure of his
net hods. He was hopeful, however, that he would soon secure
nmoney enough to permt himto test his plan.

The aut hor bonbarded Tesla with questions in an effort to
| earn the general plan he had in mnd. Tesla was adanant.

“If I should answer three nore of your questions you woul d
know as much about ny plan as | do," he repli ed.

"Nevertheless, D. Tesla," | replied, "I amgoing to
outline in ny article the only plan that appears to ne to
be feasible under our known physical |aws, and you can deny
or afirmit. your nol ecul ar bonbardment tubes are prolific
producers of ultra-violet and X-rays and could produce a
power ful beam of this radiation which would ionize the air
t hrough great distances. when these rays pass through the
air they ionize it, making it a good conductor of
electricity of all kinds at suficiently high voltages. By
produci ng such a beamon a high nountain and directing it
upward this woul d provide a conducting path through the air
to any height desired. you could then send your high-
frequency currents to the upper air without |eaving the
ground. "

"If you publish that," said Tesla, "it nust appear as your
pl an, not mne."

The article was published with the foregoi ng speculation in
it; but neither afirmation nor denial was forthcom ng from
the inventor, and nothing nore can be said in its favor.
Tesla may have had a sinpler and nore practical plan in

m nd. (Since conpleting this volune the author has | earned
that Tesla planned to install a bank of powerful ultra-
violet lanps on top of his tower at wardencliff (cf. p.
207), and had the upper Pl atform designed to receive them)

There was one ot her plan which Tesla discussed on a nunber

of occasi ons when considering terrestrial electrical
condi tions, and which he may have had in mind in this
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connection. He pointed out that the earth is a good
conductor of electricity and the upper air is also a good
conductor, while the intervening |lower stratumof air is an
i nsulator for many kinds of current. This conbination

provi des what is known as a condenser, a device which wll
store and discharge electricity. By charging the earth, the
upper air woul d becone charged by induction. when our
spinning earth was so transforned into a terrestrial Leyden
jar, it could be alternately charged and di scharged, so
that a current would flow both in the upper air and in the
ground, producing the electrical flow which would cause the
upper air to becone self-1lum nous. Tesla, however, never
becane quite so specific in applying the condenser plan to
this problemas the preceding sentence indicates. H s plan
may still exist in his papers, which, at the present
witing, are seal ed agai nst inspection except by Governnent
oficials.

Qut of the alnpbst enpty space in a six-inch vacuum tube
Tesl a succeeded in extracting at | east five epoch- maki ng

di scoveries. Tesla's lanp was nore prolific in producing
wonders than the Aladdin's |anp of the Arabian Nights. He
gave his "magic" lanp to science fifty years ago. This
magi ¢ talisman was Tesla's carbon-button [ anp which, apart
fromthe other discoveries that canme of it, was in itself,
just as a lanp, a brilliant scientific discovery--and still
remai ns unused. Edi son devel oped the practical incandescent
filament electric lanp and was entitled to, and receives, a
tremendous anmount of credit for his acconplishnment. Tesla

i nvented an absolutely original type of lanmp, the

i ncandescent -button | anp, which gives twenty tinmes as nuch
light for the sane anmount of current consunmed; and his
contribution remains practically unknown.

The carbon-button type of |anp was described by Tesla in
his lecture before the Anerican Institute of Engineers in
New York in May, 1891, and further devel opnents were
presented in the | ectures which he gave in England and
France in February and March, 1892. In his New York |l ecture
he sai d:

El ectrostatic effects are in many ways avail able for the

production of light. For instance, we may place a body of
sone refractory material in a closed, and preferably in a
nore or |less air exhausted, gl obe, connect it to a source
of high, rapidly alternating potential, causing the

nmol ecul es of the gas to strike it many tinmes a second at
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enor nous speeds, and in this way, with trillions of

i nvisible hammers, pound it until it gets incandescent. O
we may place a body in a very highly exhausted gl obe, and

by enpl oyi ng very high frequencies and potentials maintain
it at any desired degree of incandescence.

He made a vast nunber of experinents with this carbon-
button | anp and gave a description of the nobst significant
ones in his lecture before the English and French
scientific societies in the spring of 1892. It was,
however, only one of the many new types of |anps and ot her
i nportant devel opnents which he included in this
spectacul ar presentation of his work.

The carbon-button | anps were of very sinple construction.
Basically they consisted of a spherical glass globe three
to six inches in dianeter, in the center of which was a

pi ece of solid refractory material nounted on the end of a
wire which protruded through the gl obe and served as a
single-wire connection with the source of high-frequency
currents. The gl obe contained rarefied air.

when the high-frequency current was connected with the

| anmp, nol ecules of the air in the globe, comng in contact
with the central button, becanme charged and were repelled
at high velocity to the gl ass gl obe where they lost their
charge and were then repelled back at equally high
velocity, striking the button. MIlions of mllions of such
processes each second caused the button to becone heated to
i ncandescence.

In these sinple glass globes Tesla was able to produce
extrenely high tenperatures, the upper limt of which
seened to be determ ned by the anobunt of current used. He
was able to vaporize carbon directly into a gas, observing
that the liquid state was so unstable it could not exist.
Zirconia, the nost heat-resistant substance known, coul d be
melted instantly. He tried dianonds and rubies as buttons--
and they too were vaporized. when using the device as a
lamp it was not his desire to nelt the substances; but he
al ways carried experinents to their upper and lower limts.
Car borundum he observed, was so refractory that it was
possi bl e when using buttons nade of this material (calcium
carbide) to run the | anps at hi gher current densities than
was possible with other substances. Carborundum di d not
vaporize so readily, nor did it rmake deposits on the inside
of the gl obe.
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Tesl a thus evol ved a technique in operating the | anps

wher eby the incandescent button transferred its heat energy
to the nol ecules of the very small anount of gas in the
tube so that they becanme a source of light, thus causing
the lanps to function |ike the sun, the button being the
massi ve body of the sun and the surrounding gas |ike the
phot osphere, or atnospheric light-emtting |ayer, of that
body.

Tesl a had a keen sense of dramatic values, but quite apart
fromthis he undoubtedly enjoyed a uni que satisfaction when
he was able to light this mniature sun in the currents

t hat he passed through his body--high-frequency currents of
hundreds of thousands of volts. with one hand grasping a
term nal of his high-frequency transformer and the ot her
hol ding al oft this bulb contai ning an i ncandescent

m ni ature sun which he had created--posing |ike the Statue
of Liberty--he was able to make his new |lanp radiate its
brilliant illum nation. Here, you m ght say, was the
superman mani festing his ultramundane acconplishnents. In
addition, there was a satisfaction which was associ ated
purely with the plane of ordinary nortals. Edison had

| aughed at his plan for devel oping the alternating-current
system and had declared that these currents were not only
usel ess but deadly. Surely, this was an adequate answer;
Tesla would | et Nature make his replies.

Qbserving this working nodel of the incandescent sun which
he could hold in his hand, Tesla was quick to see many of
the inplications of its phenonena. Every electrical wave
that surged through the tiny central bead caused a shower
of particles to radiate fromit at trenmendous velocity and
strike the surroundi ng gl ass globe, only to be reflected
back to the bead. The sun, Tesla reasoned, is an

i ncandescent body that carries a high electrical charge and
it, too, will emt vast showers of tiny particles, each
carrying great energy because of its extremely high
velocity. In the case of the sun, and other stars like it,
there was no gl ass globe to act as a barrier, so the
showers of particles continued out into the vast real ns of
surroundi ng space.

Al'l space was filled with these particles and they were
continually bonbarding the earth, blasting matter wherever
they struck, just as they did in his gl obes. He had seen
this process take place in his globes, where the nost
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refractory carbon beads could be shattered into atoni c dust
by the bonbardnent of the electrified particles.

He sought to detect these particles striking the earth: one
of the manifestations of this bonbardnent, he declared, was
the aurora borealis. The records of the experinental

met hods by which he detected these rays are not avail abl e;
but he published an announcenent that he had detected them
neasured their energy, and found that they noved with
tremendously high velocities inparted to them by the
hundreds of mllions of volts potential of the sun.

Nei t her the scientists nor the general public in the early
nineties were in a nood for such fantastic figures, or for
any claimthat the earth was bonbarded by such destructive
rays. It would be describing the situation in very
conservative fashion to state that Tesla's report was not

t aken seriously.

when, however, the French physicist, Henri Becquerel, in
1896, discovered the nysterious rays emtted by urani um
and subsequent investigations, culmnating with the

di scovery by Pierre and Marie Curie, in Paris, of radium
whose atonms were expl odi ng spontaneously without apparent
cause, Tesla was able to point to his cosmc rays as the
sinpl e cause of the radioactivity of radium thorium
urani um and ot her substances. And he predicted that other
substances woul d al so be found to be made radi oacti ve by
bonbardnment wi th these rays. The victory for Tesla,
however, was only tenporary, for the scientific world did
not accept his theory. Nevertheless, Tesla was a better
prophet than he knew, or anyone el se suspect ed.

Thirty years later Dr. Robert A MIlikan rediscovered
t hese rays, believing themto be vibratory in character
like light, and was followed by Dr. Arthur H Conpton, who
proved the existence of cosm c rays consisting of high-
velocity particles of matter, just as Tesla described them

They started by finding energies of ten mllion volts; and
today the energies are far up in the billions and even
trillions of electron volts. And these and ot her

i nvestigators describe these rays as shattering atons of
matt er produci ng showers of debris--just as Tesl a
predi ct ed.

In 1934, Frederick Joliot, son-in-law of the Curies,
di scovered that artificial radioactivity was produced in
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ordinary materials by bonbarding themw th particles in
just the manner which Tesla described. Joliot received the
Nobel Prize for his discovery, no one gives any credit to
Tesl a.

Tesl a's nol ecul ar - bonbardnent | anp was the ancestor of

anot her very nodern devel opnent--the atom smashi ng
cyclotron. The cyclotron, devel oped by E. O Law ence, of
the University of California, during the past twenty years,
is a device in which electrified particles are whirled in a
magnetic field in a circular chanmber until they reach a
very high velocity, and are then | ed out of the chamber in
a narrow stream The giant machine, with a magnet as high
as a house, partially conpleted at present witing, wll
emt so powerful a beam of charged particles that,
according to Prof. Lawence, if allowed to inpinge on a
building brick they will totally disintegrate it. The
smal |l er nodel s were used to bonbard a variety of substances
to render themradi oactive, to disintegrate them or
transnmute their atons into those of other elenents.

The smal | gl ass gl obe, six inches or less in dianeter,
hol di ng Tesl a's nol ecul ar - bonbardnent | anp produced exactly
this same disintegrating effect on solid nmatter, probably
with a nore intensified effect than any at om smashi ng
cyclotron now i n exi stence despite their trenmendous size.
(Even small ones weigh twenty tons.)

I n describing one of the experinments with his lanp, one in
whi ch a ruby was nmounted in a carbon button, Tesla said:

It was found, anong other things, that in such cases, no
matter where the bonbardnent began, just as soon as a high
tenperature was reached there was generally one of the
bodi es which seened to take nost of the bonbardnment upon
itself, the other, or others, being thereby relieved. This
qual ity appeared to depend principally on the point of
fusion, and on the facility with which the body was
"evaporated," or, generally speaking, disintegrated--
meani ng by the latter termnot only the throwi ng off of
atons, but |ikew se of l|arger |unps. The observati on nmade
was in accordance with generally accepted notions. In a

hi ghly exhausted bulb electricity is carried off fromthe
el ectrode by independent carriers, which are partly atons,
or nol ecul es, of the residual atnosphere, and partly the
atons, nol ecules, or lunps thrown off fromthe el ectrode.
If the electrode is conposed of bodies of different
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character, and if one of these is nore easily disintegrated
than the others, nost of the electricity supplied is
carried off fromthat body, which is then brought to a

hi gher tenperature than the others, and this the nore, as
upon an increase of the tenperature the body is still nore
easi |y disintegrated.

Subst ances which resisted nelting in tenperatures
attainable in | aboratory furnaces of that day were easily
disintegrated in Tesla's sinple-lanp disintegrator, which
provi ded a powerful beam of disintegrating particles by
havi ng them concentrated fromall directions by a spherica
reflector (the globe of his lanp), a kind a three-dinension
burning gl ass, but operating with electrified particles

i nstead of heat rays. It acconplished the sane effect as

t he heavy atom di sintegrators of today, but much nore
efficiently in a globe so light in weight it alnost floated
off inair. Its sinplicity and efficiency is further
increased by the fact that it causes the substance that is
being disintegrated to supply the particles by which the
disintegration is effected.

There is one nore very nodern discovery of great inportance
enbodi ed in Tesla's nol ecul ar- bonbardnent | anp--the point

el ectron m scroscope, which provides magnifications of a
mllion dianmeters, or ten to twenty tinmes nore powerful
than the better known el ectron mcroscope which in turn is
capabl e of magnifications up to fifty tines greater than

t he optical m croscope.

In the point electron mcroscope, electrified particles
shoot out in straight lines froma tiny active spot on a

pi ece of substance kept at a high potential, and reproduce
on the spherical surface of a glass globe the pattern of
the mcroscopically small area fromwhich the particles are
i ssuing. The size of the glass sphere furnishes the only
l[imt to the degree of magnification that can be obtai ned;
the greater the radius, the greater the magnification
Since electrons are smaller than |ight waves, objects too
small to be seen by |light waves can be trenendously

enl arged by the patterns produced by the emtted el ectrons.

Tesl a produced on the surface of the spherical globe of his
| anp phosphorescent images of what was taking place on the
di sintegrating button when he used extrenely high vacuum
He described this effect in his lectures in the spring of
1892, and his description will stand with hardly a change
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in awrd for a description of the mlIlion-magnification
poi nt el ectron m croscope. Quoting fromhis |ecture:

To the eye the el ectrode appears uniformy brilliant, but
there are upon it points constantly shifting and wanderi ng
about, of a tenperature far above the nean, and this
materially hastens the process of deterioration. . . .
Exhaust a bulb to a very high degree, so that with a fairly
hi gh potential the discharge cannot pass--that is, not a

| um nous one, for a weak invisible discharge occurs al ways,
in all probability. Now raise slowy and carefully the
potential, leaving the primary current no nore than for an
instant. At a certain point, two, three or half a dozen
phosphorescent spots will appear on the gl obe. These pl aces
of the glass are evidently nore violently bonbarded than
the others, this being due to the unevenly distributed

el ectric density, necessitated, of course, by sharp
projections, or, generally speaking, irregularities of the
el ectrode. But the |um nous patches are constantly changi ng
in position, which is especially well observed if one
manages to produce very few, and this indicates that the
configuration of the electrode is rapidly changing.

It would be an act of sinple justice if in the future
scientists would extend credit to Tesla for being the one
who di scovered the el ectron mcroscope. There is no
reduction in the glory due himbecause he did not
specifically describe the electron, then unknown, in its
operations, but assumed the effect was due to electrically
charged atons.

when Tesl a studied the performance of various nodel s of
this and his other gaseous | anps, he observed that the

out put of visible light changed under various operating
conditions. He knew they gave off both visible and
invisible rays. He used a variety of phosphorescent and

fl uorescent substances for detecting the ultra-violet or

bl ack light. Usually, the changes in the visible and ultra-
viol et |ight about bal anced each other; as one increased
the other decreased, wth the remai nder of the energy
accounted for by heat |osses. In his nol ecul ar- bonbar dnent
| amp he found, he reported in his 1892 lectures, "visible
bl ack Iight and a very special radiation.” He was
experinmenting with this radi ation which, he reported,
produced shadowgraph pictures on plates in netal

containers, in his |laboratory when it was destroyed by fire
in March, 1895.
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This "very special radiation" was not further described at
that tinme in published articles; but when Prof. fiilhelm
Konrad Roentgen, in Germany, in Decenber, 1895, announced
t he di scovery of X-rays, Tesla was able inmediately to
reproduce the sane results by neans of his "very speci al
radi ation,” indicating that these and X rays had very
simlar properties although produced in sonewhat different
ways. | medi ately upon readi ng Roentgen's announcenent,
Tesla forwarded to the German scientist shadowgraph

pi ctures produced by his "very special radiation."” Roentgen
replied: "The pictures are very interesting. If you would
only be so kind as to disclose the manner in which you
obt ai ned them"

Tesla did not consider that this situation gave hi m any
priority in the discovery of X-rays, nor did he ever
advance any clains; but he immedi ately started an extensive
series of investigations into their nature. while others
were trying to coax out of the type of tube used by

Roent gen enough X-rays to take shadow phot ographs through
such thin structures as the hands and feet held very close
to the bulb, Tesla was taking photographs through the skul
at a distance of forty feet fromthe tube. He el sewhere
described at this tinme an unidentified type of radiation
com ng froma spark gap, when a heavy current was passed,
that was not a transverse wave like light, or Hertzian
waves, and could not be stopped by interposing netal

pl at es.

Tesla, thus, in one |ecture reporting his investigations
covering a period of tw years, offered to the world--in
addition to his new electric vacuum | anps, his highly
efficient incandescent |anp, and his high-frequency and
hi gh- potential currents and apparatus--at |east five
outstandi ng scientific discoveries: 1. Cosm c rays; 2.
Artificial radioactivity; 3. Disintegrating beam of
electrified particles, or atom smasher; 4. Electron

m croscope; and 5. "Very special radiation" (X rays).

At |east four of these innovations, when "redi scovered” up
to forty years |l ater, won Nobel Prizes for others; and
Tesla's nanme i s never nentioned in connection with them

Yet Tesla's lifetime work was hardly well started!
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TEN

TESLA had a remarkable ability for carrying on

si mul taneously a nunber of widely different |ines of
scientific research. while pursuing his studies of high-
frequency el ectrical oscillations with all of their

ram fications fromvacuum | anps to radi o, he was al so

i nvestigating nmechanical vibrations; and he had a rare
foresight into the many useful applications to which they
coul d be put, and which have since been realized.

Tesl a never did things by halves. Al nobst everything he
attenpted went off like a flash of lightning with a very
sati sfactory resounding clap of thunder follow ng. Even
when he did not so plan events, they appeared to fashion

t henmsel ves into spectacular climaxes. In 1896 while his
fame was still on the ascendant he planned a nice quiet
l[ittle vibration experinent in his Houston Street

| aboratory. Since he had noved into these quarters in 1895,
the place had established a reputation for itself because
of the peculiar noises and lights that enanated fromit at
all hours of the day and night, and because it was
constantly being visited by the nost fanobus people in the
country.

The quiet little vibration experinent produced an

eart hquake, a real earthquake in which people and buil di ngs
and everything in themgot a nore trenendous shaking than
they did in any of the natural earthquakes that have
visited the nmetropolis. In an area of a dozen square city
bl ocks, occupi ed by hundreds of buildings housing tens of

t housands of persons, there was a sudden roaring and

shaki ng, shattering of panes of glass, breaking of steam
gas and wat er pipes. Pandenoniumreigned as snall objects
danced around roons, plaster descended fromwalls and
ceilings, and pieces of nmachinery weighing tons were noved
fromtheir bolted anchorages and shifted to awkward spots
in factory lofts.

"It was all caused, quite unexpectedly, by a little piece
of apparatus you could slip in your pocket," said Tesla.

The device that precipitated the sudden crisis had been
used for along tine by Tesla as a toy to anuse his
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friends. It was a nechanical oscillator, and was used to
produce vi brations. The notor-driven device that the barber
straps on his hand to give a patron an "electric nmassage"
is a descendant of Tesla's nechanical oscillator. There is,
of course, nothing electric about an "electric massage"
except the power used to produce vibrations which are
transm tted through the barber's fingers to the scalp.

Tesl a devel oped in the early nineties a nechanical -

el ectrical oscillator for the generation of high-frequency
alternating currents. The driving engine produced on a
shaft sinple reciprocating notion that was not changed to
rotary notion. Muunted on either end of the shaft was a
coil of many turns of wire that noved back and forth with
hi gh frequency between the poles of electromagnets, and in
this way generated high-frequency alternating currents.

The engine was clained by Tesla to have a very high
efficiency conpared to the comon type of engine, which
changed reciprocating to rotary notion by neans of a crank
shaft. It had no valves or other noving parts, except the
reci procating piston with its attached shaft and coils, so
t hat mechanical | osses were very low. It maintained such an
extrenely high order of constancy of speed, he stated, that
the alternating current generated by the oscillator could
be used to drive clocks, wthout any pendul um or bal ance-
wheel control nechanisnms, and they would keep tine nore
accurately than the sun

Thi s engi ne may have had industrial possibilities but Tesla
was not interested in them To himit was just a conveni ent
way of producing a high-frequency alternating current
constant in frequency and voltage, or nechani cal

vibrations, if used without the electrical parts. He
operated the engi ne on conpressed air and al so by steam at
320 pounds and al so at 80 pounds pressure.

whil e perfecting this device, he had opportunity to observe
interesting effects produced by vibration. These were

obj ectionable in the engine when it was used as a dynano,
so he adopted suitable nmeasures to elimnate or suppress
them The vibrations as such, however, interested him

Al t hough they were detrinmental to the machine, he found
their physiological effects were, at tines, quite pleasant.
Later he built a small nechanical oscillator driven by
conpressed air which was designed for no other purpose than
to produce vibrations. He built a platforminsulated from
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the floor by rubber and cork. He then nounted the
oscillator on the under side of the platform The purpose
of the rubber and cork under the platformwas to keep the
vi brations fromleaking into the building and thereby
reduci ng the effect on the platform Visitors found this

vi brating platformone of the nost interesting of the great
array of fascinating and fantastic exhibits with which he
dazzl ed the society folk who flocked to his | aboratory.

Great hopes were entertai ned by Tesla of applying these

vi brations for therapeutic and health-inproving effects. He
had opportunity to observe, through his own experience and
that of his enployees, that they produce sone very definite
physi ol ogi cal acti ons.

Samuel Cl enens, better known to the public as "Mark Twain,"
and Tesla were close friends. Cenmens was a frequent
visitor to the Tesla | aboratory. Tesla had been playing
with his vibratory nechanismfor sone tine, and had | earned
a good deal about the results that followed from varying
doses of vibration, when one evening C enens dropped in.

Cl emens, on | earning about the new nechanism wanted to
experience its vitalizing vibrations. He stood on the
platformwhile the oscillator set it into operation. He was
thrilled by the new experience. He was full of adjectives.
"This gives you vigor and vitality," he exclained. After he
had been on the platformfor a while Tesla advised him
"you have had enough, M. denens. you had better conme down
now. "

"Not by a jugfull,” replied Cenens. "I am enjoying
nysel f."

"But you had better cone down, M. Cenens. It is best that
you do so," insisted Tesl a.

"you couldn't get ne off this with a derrick," |aughed
Cl enens.
"Renmenber, | am advising you, M. C enens."”

“I"'mhaving the time of ny life. I'"'mgoing to stay right up
here and enjoy nyself. Look here, Tesla, you don't

appreci ate what a wonderful device you have here to give a
[ift to tired humanity. . . . Clenens continued along this

line for several mnutes. Suddenly he stopped tal king, bit
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his lower lip, straightened his body and stal ked stiffy but
suddenly fromthe platform

"Quick, Tesla! Wiere is it?" snapped C enens, half begging,
hal f demandi ng.

"Ri ght over here, through that little door in the corner,”
said Tesla. "And renenber, M. Cenens, | advised you to
come down sone tinme ago,"” he called after the rapidly

nmovi ng figure.

The | axative effect of the vibrator was an old story to the
menbers of the | aboratory staff.

Tesl a pursued his studies of mechanical vibrations in many
directions. This was alnost a virgin field for scientific
research. Scarcely any fundanental research had been done
inthe field since Pythagoras, twenty-five hundred years
bef ore, had established the science of nusic through his
study of vibrating strings; and many of the wonders with
whi ch Tesla had startled the world in the field of high-
frequency and hi gh-potential currents had grown out of his
sinple secret for tuning electrical circuits so that the
el ectricity vibrated in resonance with its circuit. He now
vi sual i zed nmechani cal vibrations buil ding up resonance
conditions in the same way, to produce effects of

t remendous magni tude on physi cal objects.

In order to carry out what he expected to be sone mnor and
very small-scal e experinents, he screwed the base of one of
his smal| mechanical oscillators to an iron supporting
pillar in the mddle of his |aboratory and set it into
oscillation. It had been his observation that it took sone
time to build up its maxi num speed of vibration. The | onger
it operated the faster the tenpo it attained. He had
noticed that all objects did not respond in the sane way to
vi brations. One of the many objects around the |aboratory
woul d suddenly go into violent vibration as it came into
resonance with the fundanental vibration of the oscillator
or sonme harnmonic of it. As the period of the oscillator
changed, the first object would stop and sone ot her object
in resonance with the newrate would start vibrating. The
reason for this selective response was very clear to Tesla,
but he had never previously had the opportunity to observe
t he phenonmenon on a really | arge scale.
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Tesla's | aboratory was on an upper floor of a |oft
building. It was on the north side of Houston Street, and

t he second house east of Mil berry Street. About three
hundred feet south of Houston Street on the east side of

Mul berry Street was the long, four-story red-brick building
fanobus as Police Headquarters. Throughout the nei ghbor hood
there were many | oft buildings ranging fromfive to ten
stories in height, occupied by factories of all kinds.
Sandwi ched between them were the small narrow t enenent
houses of a densely packed Italian popul ation. A few bl ocks
to the south was Chinatown, a few blocks to the west was
the garnent-trades area, a short distance to the east was a
densely crowded tenenent-house district.

It was in this highly variegated nei ghborhood that Tesla
unexpectedly staged a spectacul ar denonstration of the
properties of sustained powerful vibrations. The
surroundi ng popul ati on knew about Tesla's | aboratory, knew
that it was a place where strange, magical, nysterious
events took place and where an equally strange nan was
doing fearful and wonderful things with that trenendously
dangerous secret agent known as electricity. Tesla, they
knew, was a man who was to be both venerated and feared,
and they did a nmuch better job of fearing than of
venerating him

Quite unm ndful of what anyone thought about him Tesla
carried on his vibration and all other experinents. Just
what experinment he had in mnd on this particul ar norning
wi |l never be known. He busied hinself with preparations
for it while his oscillator on the supporting iron pillar
of the structure kept building up an ever higher frequency
of vibrations. He noted that every now and then sone heavy
pi ece of apparatus would vibrate sharply, the floor under
hi m woul d runble for a second or two--that a wi ndow pane
woul d sing audi bly, and other simlar transient events
woul d happen--all of which was quite famliar to him These
observations told himthat his oscillator was tuning up
nicely, and he probably wondered why he had not tried it
firmy attached to a solid building support before.

Things were not going so well in the nei ghborhood, however.
Down in Police Headquarters in Mul berry Street the "cops"
were quite famliar with strange sounds and |ights com ng
fromthe Tesla | aboratory. They could hear clearly the
sharp snapping of the lightnings created by his coils. If
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anyt hi ng queer was happening in the nei ghborhood, they knew
that Tesla was in back of it in sone way or other.

On this particular norning the cops were surprised to feel
the building runbling under their feet. Chairs noved across
floors with no one near them bjects on the oficers' desks
danced about and the desks thensel ves noved. It nust be an
eart hquake! It grew stronger. Chunks of plaster fell from
the ceilings. A flood of water ran down one of the stairs
froma broken pipe. The wi ndows started to vibrate with a
shrill note that grew nore intense. Some of the w ndows
shatt er ed.

"That isn't an earthquake," shouted one of the oficers,
"it's that blankety-blank Tesla. Get up there quickly," he
called to a squad of nen, "and stop him Use force if you
have to, but stop him He'll weck the city."

The officers started on a run for the building around the
corner. Pouring into the streets were nmany scores of people
excitedly | eaving near-by tenenent and factory buil dings,
bel i eving an earthquake had caused the smashi ng of w ndows,
br eaki ng of pipes, noving of furniture and the strange

vi brati ons.

W thout waiting for the sl ow pokey elevator, the cops
rushed up the stairs--and as they did so they felt the
bui l di ng vibrate even nore strongly than did police
headquarters. There was a sense of inpending doom-that the
whol e buil ding woul d di sintegrate--and their fears were not
relieved by the sound of smashing glass and the queer roars
and screans that canme fromthe walls and fl oors.

Coul d they reach Tesla's laboratory intine to stop hin? O
woul d the building tunble down on their heads and everyone
init be buried in the ruins, and probably every buil ding
in the neighborhood? Maybe he was making the whole earth
shake in this way! would this madman be destroying the

worl d? It was destroyed once before by water. Maybe this
time it would be destroyed by that agent of the devil that
they call electricity!

Just as the cops rushed into Tesla's |aboratory to tackle--
t hey knew not what--the vibrations stopped and they behel d
a strange sight. They arrived just in tine to see the tal
gaunt figure of the inventor swing a heavy sl edge hanmer
and shatter a small iron contraption nounted on the post in
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the m ddl e of the room Pandenonium gave way to a deep,
heavy sil ence.

Tesla was the first to break the silence. Resting his

sl edge hammer against the pillar, he turned his tall, |ean,
coatless figure to the cops. He was al ways sel f possessed,

al ways a conmmandi ng presence--an effect that could in no
way be attributed to his slender build, but seened nore to
emanate fromhis eyes. Bowing fromthe waist in his courtly
manner, he addressed the policenen, who were too out of
breath to speak, and probably overawed into silence by
their fantastic experience.

"Gentlenmen," he said, "I amsorry, but you are just a
trifle too late to witness nmy experinent. | found it
necessary to stop it suddenly and unexpectedly and in an
unusual way just as you entered. If you will conme around
this evening I will have another oscillator attached to
this platformand each of you can stand on it. you will, |
amsure, find it a nost interesting and pl easurabl e
experience. Now you must |eave, for | have many things to
do. Good day, gentlenen.”

Ceorge Scherff, Tesla's secretary, was standi ng nearby when
Tesla so dramatically smashed his earthquake maker. Tesla
never told the story beyond this point, and M. Scherff
decl ares he does not recall what the response of the cops
was. | magination nust finish the finale to the story.

At the nonent, though, Tesla was quite sincere in his
attitude. He had no idea of what had happened el sewhere in
t he nei ghborhood as a result of his experinent, but the
effect on his own |aboratory had been sufficiently
threatening to cause himto halt it suddenly. when he

| earned the details, however, he was convinced that he was
correct in his belief that the field of nechani cal

vi brations was rich with opportunities for scientific

i nvestigation. we have no records avail abl e of any further
maj or experinments with vibration in that |aboratory.

Per haps the Police and Buil ding Departnents had offered
sone enphatic suggestions to himconcerning experinments of
this nature.

Tesl a's observations in this experinent were [imted to
what took place on the floor of the building in which his

| aboratory was | ocated, but apparently very little happened
there until a great deal had happened el sewhere. The
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oscillator was firmy fixed to a supporting colum and
there were simlar supporting colums directly under it on
each floor down to the foundations. The vibrations were
transmtted through the colums to the ground. This section
of the city is built on deep sand that extends down sone
hundreds of feet before bed rock is reached. It is well
known to seisnol ogists that earthquake vibrations are
transmtted by sand with much greater intensity than they
are by rock. The ground under the building and around it
was, therefore, an excellent transmtter of nechani cal

vi brations, which spread out in all directions. They may
have reached a mle or nore. They were nore intense, of
course, near their source and becane weaker as the distance
i ncreased. However, even weak vibrations that are sustained
can build up surprisingly large effects when they are
absorbed by an object with which they are in resonance. A
di stant object in resonance can be thrown into strong

vi bration whereas a nuch nearer object not in resonance
will be |eft unaffected.

It was this selective resonance that was, apparently,
operating in Tesla's experinment. Buildings other than his
own cane into resonance with the increasing tenpo of his
oscillator long before his own building was affected. After
t he pandenoni um was under way for sone tine el sewhere and

t he hi gher frequencies were reached, his imediate
surroundi ngs started to cone into resonance.

when resonance is reached the effects follow instantly and
powerfully. Tesla knew this, so when he observed dangerous
resonance effects developing in his building he realized he
had to act fast. The oscillator was bei ng operated by
conpressed air supplied by a notor-driven conpressor that
fed the air into a tank, where it was stored under

pressure. Even if the notor were shut off, there was plenty
of air in the tank to keep the oscillator going for nmany
mnutes--and in that time the building could be conpletely
wr ecked and reduced to a pile of debris. with the

vi brations reaching this dangerous anplitude, there was no
time to try to disconnect the vibrator fromthe air line or
to do anything about releasing the air fromthe tank. There
was tinme for only one thing, and Tesla did that. He grabbed
t he near-by sl edge hamrer and took a mghty swing at the
oscillator in hopes of putting it out of operation. He
succeeded in his first attenpt.
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The device was nade of cast iron and was of rugged
construction. There were no delicate parts that could be
easi |y damaged. Tesla has never published a description of
the device, but its construction was principally that of a
pi ston whi ch noved back and forth inside a cast-iron
cylinder. The only way to stop it fromoperating was to
smash the outer cylinder. Fortunately, that is what
happened fromthe first bl ow

As Tesla turned around after delivering this |ucky bl ow and
behel d the visiting policenen, he could not understand the
reason for their visit. The dangerous vibrations had

devel oped in his building only within the preceding m nute,
and the policenmen would not have had tine to plan a visit
in connection with them he figured, so they nust have cone
for some other less critical purpose, and therefore he
proposed to dismss themuntil a nore opportune nonent.

Tesla related this experience to ne when | asked the
inventor's opinion of a plan that | had suggested sone tine
previously to Elner Sperry, Jr., son of the fanmous inventor
of many gyroscope devices. when a heavy gyroscope, such as
is used in stabilizing ships, is forced to turn on its
axis, it transmts a powerful downward thrust through the
bearings in which the supporting ginbal is nmounted. If a
battery of such gyroscopes were nounted in regi ons where
severe earthquakes take place it would transmt thrusts to
the ground at equally tinmed intervals and build up
resonance vibrations in the strata of the earth that woul d
cause earthquake strains to be rel eased while they were of
smal | magni tude, thus producing very small earthquakes
instead of letting the strains build up to | arge magnitudes
whi ch, when they let go, would cause devastating

eart hquakes.

The i dea made a strong appeal to Tesla; and in his

di scussion, after telling ne of the experience here
related, he further declared that he had so far devel oped
his study of vibrations that he could establish a new

sci ence of "tel egeodynanm cs" which would deal not only with
the transm ssion of powerful inpulses through the earth to
di stant points to produce effects of |arge magnitude--in
addition, he could use the same principles to detect

di stant objects. In the later thirties, before the outbreak
of the war, he declared that he could apply these
principles for the detection of submarines or other ships
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at a distance, even though they were |lying at anchor and no
engi nes operating on them

Hi s system of tel egeodynam cs, using nechani cal vibrations,
Tesl a decl ared, would nake it possible to determ ne the
physi cal constant of the earth and to |ocate ore deposits
far beneath the surface. This latter prediction has since
been fulfilled, for many oil fields have been di scovered by
studying the vibrations reflected fromsub-surface strata.

"So powerful are the effects of the tel egeodynamc
oscillator,” said Tesla in reviewing the subject in the
thirties, "that | could now go over to the Enpire State
Buil ding and reduce it to a tangled mass of weckage in a

very short tinme. | could acconplish this result w th utnost
certainty and without any dificulty whatever. | would use a
smal | nechani cal vibrating device, an engine so snmall you

could slip it in your pocket. | could attach it to any part

of the building, start it in operation, allowit twelve to
thirteen mnutes to cone to full resonance. The buil di ng
woul d first respond with gentle trenors, and the vibrations
woul d t hen becone so powerful that the whole structure
woul d go into resonant oscillations of such great anplitude
and power that rivets in the steel beans woul d be | oosened
and sheared. The outer stone coating would be thrown off
and then the skeleton steel structure would collapse in al
its parts. It would take about 2.5 (This figure may have
been .25 or 2.5 horsepower. The notes are old and sonewhat
indistinct. Menory favors the latter figure.) horsepower to
drive the oscillator to produce this effect”

Tesl a devel oped his inventions to the point at which they
were spectacul ar perfornmers before they were denonstrated
to the public. when presented, the performance al ways
greatly exceeded the prom se. This was the case with his
first public denonstration of "wireless," but he
conplicated the situation by coupling with his radio

i nvention anot her new i dea--the robot.

Tesl a staged his denonstration in the great auditorium of
Madi son Square Garden, then on the north side of Mdison
Square, in Septenber, 1898, as part of the first annual

El ectrical Exhibition. He had a large tank built in the
center of the arena and in this he placed an iron-hulled
boat a few feet |ong, shaped Iike an ark, which he operated
by renote control by neans of his w reless system
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Ext endi ng upward fromthe center of the roof of the boat
was a slender netal rod a few feet high which served as an
antenna, or &aerial, for receiving the wreless wave. Near
the bow and stern were two small netal tubes about a foot
hi gh surmounted by small electric |anps. The interior of
the hull was packed wth a radio receiving set and a

vari ety of notor-driven mechani sns which put into effect
the operating orders sent to the boat by w rel ess waves.
There was a notor for propelling the boat and anot her notor
for operating the servo-nechani sm or nechanical brain,
that interpreted the orders comng fromthe wreless
receiving set and translated theminto mechani cal notions,
whi ch included steering the boat in any direction, naking
it stop, start, go forward or backward, or light either

| anmp. The boat could thus be put through the nost
conpl i cated maneuvers.

Anyone attending the exhibition could call the maneuver for
the boat, and Tesla, with a few touches on a tel egraph key,
woul d cause the boat to respond. H's control point was at
the far end of the great arena.

The denonstration created a sensation and Tesla agai n was
t he popul ar hero. It was a front-page story in the
newspapers. Everyone knew the acconplishnent was a

wonder ful one, but few grasped the significance of the
event or the inportance of the fundanental discovery which
it denonstrated. The basic aspects of the invention were
obscured by the glanor of the denonstration.

The Spani sh Anerican war was under way. The success of the
U.S. Navy in destroying the Spanish fleets was the | eading
topi ¢ of conversation. There was resentnent over the

bl owi ng up of the U.S.S. Maine in Havana Harbor. Tesla's
denonstration fired the imagi nati on of everyone because of
its possibilities as a weapon in naval warfare.

wal demar Kaenpffert, then a student in City Coll ege and now
Sci ence Editor of the New York Tines, discussed its use as
a weapon with Tesl a.

"I see," said Kaenpffert, "how you could | oad an even

| arger boat with a cargo of dynamite, cause it to ride
subner ged, and expl ode the dynam te whenever you w shed by
pressing the key just as easily as you can cause the |ight
on the bow to shine, and blow up froma di stance by

W reless even the | argest of battleships." (Edison had
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earlier designed an electric torpedo which received its
power by a cable that remai ned connected with the nother
ship.)

Tesla was patriotic, and was proud of his status, which he
had acquired in 1889, as a citizen of the United States. He
had offered his invention to the Governnent as a nava
weapon, but at heart he was opposed to war.

"you do not see there a wireless torpedo,"” snapped back
Tesla with fire flashing in his eyes, "you see there the
first of a race of robots, mechanical nen which will do the
| abori ous work of the hunan race.

The "race of robots" was another of Tesla's original and

i nportant contributions to hunman welfare. It was one of the
items of his col ossal project for increasing human energy
and inproving the efficiency of its utilization. He
visual i zed the application of the robot idea to warfare as
well as to peaceful pursuits; and out of the broad
princi pl es enunci ated, he devel oped an accurate picture of
warfare as it is being carried on today wth the use of

gi ant machi nes as weapons--the robots he descri bed.

"This evolution,"” he stated in an article in the Century
Magazi ne of June, 1900, "w Il bring nore and nore into
prom nence a machine or mechanismwth the fewest

i ndividuals as an el enent of warfare. . . . Geatest
possi bl e speed and maxi numrate of energy delivery by the
war apparatus will be the main object. The loss of life
wi |l becone smaller. "

Qutlining the experiences that led himto design the
robots, or automatons, as he called them Tesla stated:

| have by every thought and act of m ne, denonstrated, and
do so daily, to ny absolute satisfaction that I am an

aut omat on endowed with power of novenent, which nerely
responds to external stimuli beating upon ny sense organs,
and t hi nks and noves accordingly.

with these experiences it was only natural that, |ong ago,

| conceived the idea of constructing an automaton which
woul d nechanically represent ne, and which woul d respond,
as | do nyself, but, of course, in a nuch nore primtive
manner, to external influences. Such an automaton evidently
had to have notive power, organs for |oconotion, directive
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organs, and one or nore sensitive organs so adapted as to
be excited by external stinmuli.

This machine would, | reasoned, performits novenents in
the manner of a living being, for it would have all of the
chief elements of the sanme. There was still the capacity
for grow h, propagation, and, above all, the m nd which
woul d be wanting to make the nodel conplete. But growth was
not necessary in this case since a nmachine could be

manuf actured full -grown, so to speak. As to capacity for
propagation, it could |ikew se be |left out of
consideration, for in the nmechanical nodel it nerely
signified a process of manufacture.

whet her the automaton be of flesh and bone, or of wood and
steel, mattered little, provided it could performall the
duties required of it like an intelligent being. To do so
it wuld have to have an el enent corresponding to the mnd
whi ch woul d effect the control of its novenents and
operations, and cause it to act, in any unforeseen case
that m ght present itself, with know edge, reason,

j udgenent and experience. But this elenent | could easily
enbody in it by conveying to it ny own intelligence, nmy own
understanding. So this invention was evol ved, and so a new
art came into existence, for which the nane "tel automatics”
has been suggested, which neans the art of controlling the
novenents and operations of distant autonatons.

In order to give the automaton an individual identity it
woul d be provided with a particular electrical tuning,
Tesl a expl ained, to which it al one woul d respond when waves
of that particular frequency were sent froma control
transmtting station; and other automatons would remnain
inactive until their frequency was transmtted. This was
Tesla's fundanental radio tuning invention, the need for
whi ch other radio inventors had not yet glinpsed although
Tesl a had described it publicly a half-dozen years earlier

Tesla not only used in the control of his automaton the

| ong waves now used in broadcasting--which are very
different fromthe short waves used by Marconi and al
others; for those could be interfered with by the

i mposition of an intervening object--but he was expl ai ni ng
t he use, through his system of tuning, of the spectrum of

al l ocations for individual stations that now appears on the
dials of radio receiving sets. He continued:
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By the sinple neans described the know edge, experience,
j udgenent --the mnd, so to speak--of the distant operator
were enbodi ed in that machi ne, which was thus enabled to
nove and performall of its operations with reason and
intelligence. It behaved just |ike a blindfolded person
obeying directions received through the ear.

The automatons so far constructed had "borrowed mnds," so
to speak, as each fornmed nerely part of the distant
operator who conveyed to it his intelligent orders; but
this art is only in the beginning.

| purpose to show that, however inpossible it may now seem
an automaton may be contrived which will have its "own
mnd," and by this | mean that it will be able,

i ndependently of any operator, left entirely to itself, to
perform in response to external influences affecting its
sensitive organs, a great variety of acts and operations as
if it had intelligence.

It will be able to follow a course laid out or to obey
orders given far in advance; it wll be capable of

di stingui shing between what it ought and ought not to do,
and of maki ng experiences or, otherw se stated, of
recording inpressions which will deffinitely affect its
subsequent actions. In fact | have already conceived such a
pl an.

Al t hough | evolved this invention many years ago and
explained it to ny visitors very frequently in ny

| aborat ory denonstrations, it was not until nuch |ater
long after | had perfected it, that it becanme known, when,
natural ly enough, it gave rise to nuch discussion and to
sensational reports.

But the true significance of this new art was not grasped
by the majority, nor was the great force of the underlying
principle recogni zed. As nearly as | could judge fromthe
numer ous comments whi ch then appeared, the results | had
obt ai ned were considered as entirely inpossible. Even the
few who were disposed to admt the practicability of the
invention saw in it nerely an autonobile torpedo, which was
to be used for the purpose of blow ng up battleships, with
doubt ful success.

But the art | have evol ved does not contenplate nerely the
change of direction of a noving vessel; it affords neans of
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absolutely controlling in every respect, all the

i nnunerabl e translatory novenents, as well as the
operations of all the internal organs, no matter how many,
of an individualized aut omaton.

Tesla, in an unpublished statenent, prepared fifteen years
| ater, recorded his experience in devel opi ng autonmata, and
hi s unsuccessful effort to interest the war Departnent, and
i kewi se commercial concerns, in his wirelessly controlled
devi ces.

The idea of constructing an autonmaton, to bear out ny
theory, presented itself to ne early but | did not begin
active work until 1893, when | started nmy wrel ess

i nvestigations. During the succeeding two or three years, a
nunber of automatic nechani snms, actuated from a di stance by
w reless control, were constructed by nme and exhibited to
visitors in ny |aboratory.

In 1896, however, | designed a conpl ete machi ne capabl e of
a multitude of operations, but the consummation of ny

| abors was del ayed until later in 1897. This machi ne was
illustrated and described in nmy article in the Century
Magazi ne of June 1900, and other periodicals of that tine
and, when first shown in the beginning of 1898, it created
a sensation such as no other invention of m ne has ever

pr oduced.

I n Novenber 1898, a basic patent on the novel art was
granted to nme, but only after the Exam ner-in-Chief had
come to New York and wi tnessed the performance, for what |
cl ai mred seened unbelievable. | renmenber that when |ater |
called on an oficial in Washington, with a view of offering
the invention to the Governnent, he burst out in |aughter
upon ny telling himwhat | had acconplished. Nobody thought
then that there was the faintest prospect of perfecting
such a devi ce.

It is unfortunate that in this patent, follow ng the advice
of ny attorneys, | indicated the control as being effected
t hrough the mediumof a single circuit and a well-known
formof detector, for the reason that | had not yet secured
protection on ny nethods and apparatus for

i ndi vidualization. As a matter of fact, ny boats were
controlled through the joint action of several circuits and
interference of every kind was excluded. Mst generally I
enpl oyed receiving circuits in the formof |oops, including
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condensers, because the discharges of ny high tension
transmtter ionized the air in the hall so that even a very
smal | &aerial would draw electricity fromthe surroundi ng
at nosphere for hours.

Just to give an idea, | found, for instance, that a bulb
12" in diamater, highly exhausted, and with one single
termnal to which a short wire was attached, would deliver
well on to one thousand successive flashes before al

charge of the air in the |aboratory was neutralized. The

| oop formof receiver was not sensitive to such a

di sturbance and it is curious to note that it is becom ng
popular at this late date. Inreality it collects nuch | ess
energy than the aerials or a long grounded wre, but it so
happens that it does away with a nunber of defects inherent
to the present wrel ess devices.

I n denonstrating ny invention before audi ences, the
visitors were requested to ask any questions, however

i nvol ved, and the automaton could answer them by signs.
This was considered magic at that tinme but was extrenely
sinple, for it was nyself who gave the replies by neans of
t he devi ce.

At the sane period another |arger telautomatic boat was
constructed. It was controlled by | oops having severa
turns placed in the hull, which was nmade entirely water

ti ght and capabl e of subnmergence. The apparatus was sinilar
to that used in the first wwth the exception of certain
special features | introduced as, for exanple, incandescent
| amps which afforded a visible evidence of the proper
functioning of the machi ne and served for other purposes.

These automata, controlled within the range of vision of

t he operator, were, however, the first and rather crude
steps in the evolution of the Art of Telautonmatics as | had
conceived it. The next |ogical inprovenent was its
application to automatic nmechani sns beyond the limts of
vision and at great distances fromthe center of control,
and | have ever since advocated their enploynents as
instrunments of warfare in preference to guns. The

i nportance of this now seens to be recognized, if | amto

j udge from casual announcenents through the press of

achi evenents which are said to be extraordi nary but contain
no nmerit of novelty whatever.
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In an inperfect manner it is practicable, with the existing
wireless plants, to launch an aeroplane, have it follow a
certain approximate course, and perform sone operation at a
di stance of many hundreds of mles. A machine of this kind
can al so be nechanically controlled in several ways and
have no doubt that it may prove of sone useful ness in war.
But there are, to ny best know edge, no instrunentalities
in existence today with which such an object could be
acconplished in a precise manner. | have devoted years of
study to this matter and have evol ved neans, nmaking such
and greater wonders easily realizable.

As stated on a previous occasion, when | was a student at
coll ege | conceived a flying machine quite unlike the
present ones. The underlying principle was sound but could
not be carried into practice for want of a prine-nover of
suficiently great activity. In recent years | have
successfully solved this probl em and am now pl anni ng aeri al
machi nes devoi d of sustaining planes, ailerons, propellers
and ot her external attachnments, which will be capabl e of

i mrense speeds and are very likely to furnish powerful
argunments for peace in the near future. Such a nachi ne,
sust ai ned and propelled entirely by reaction, can be
controll ed either nmechanically or by w rel ess energy. By
installing proper plants it will be practicable to project
a mssile of this kind into the air and drop it al nost on
the very spot designated which may be thousands of mles
away. But we are not going to stop at this.

Tesla is here describing--nearly fifty years ago--the

radi o-control |l ed rocket, which is still a confidenti al

devel opnent of world war 11, and the rocket bonbs used by
the Germans to attack England. The rocket-type airship is a
secret which probably died with Tesla, unless it is
contained in his papers sealed by the Governnment at the
time of his death. This, however, is unlikely, as Tesla, in
order to protect his secrets, did not commt his major

i nventions to paper, but depended on an alnost infallible
menory for their preservation

"Tel automata,"” he concluded, "will be ultinmately produced,
capabl e of acting as if possessed of their own intelligence
and their advent will create a revolution. As early as 1898
| proposed to representatives of a | arge manufacturing
concern the construction and public exhibition of an

aut onobi |l e carriage which, left to itself, would performa
great variety of operations involving sonething akin to
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j udgnent. But ny proposal was deened chinerical at that
tinme and nothing cane fromit."

Tesla, at the Madi son Square Garden denonstration in 1898
which lasted for a week, presented to the world, then, two
st upendous devel opnents, either of which al one woul d have
been too gigantic to have been satisfactorily assimlated
by the public in a single presentation. Either one of the
i deas di med the glory of the other.

This first public denonstration of wreless, the forerunner
of nodern radio, in the amazi ng stage of devel opnent to
which Tesla carried it, at this early date, was too
tremendous a project to be enconpassed within a single
dramati zation. In the hands of a conpetent public-relations
councillor, or publicity man, as he was called in those
days (but the enpl oynent of one was utterly abhorrent to
Tesla), this denonstration would have been [imted to the
wi rel ess aspect al one, and would have included just a

si npl e two-way sendi ng- and-receiving set for the
transm ssi on of nmessages by the Morse dots and dashes.
Suitably dramati zed, this woul d have been a suficient
thrill for one show At a subsequent show he coul d have
brought in the tuni ng denonstration which would have shown
the sel ective response of each of a series of coils,

i ndi cated by his strange-1ooking vacuumtube |lanps. The
whol e story of just the tuning of wireless circuits and
stations to each other was too big for any one
denonstration. An indication of its possibilities was all

t he public could absorb.

The robot, or automaton, idea was a new and an equally

st upendous concept, the possibilities of which were not

| ost, however, on clever inventors; for it brought in the
era of the nodern | abor-saving device--the nechani zati on of
i ndustry on a mass-production basis.

Usi ng the Tesla principles, John Hays Hamond, Jr.

devel oped an el ectric dog, on wheels, that foll owed him
like a live pup. It was notor operated and controlled by a
i ght beam t hrough seleniumcells placed behind | enses used
for eyes. He al so operated a yacht, entirely w thout a
crew, which was sent out to sea from Boston harbor and
brought back to its wharf by wireless control.

A manl ess airplane was devel oped toward the cl ose of the
First world war. It rose fromthe ground, flew one hundred
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mles to a selected target, dropped its bonbs, and returned
toits honme airport, all by wreless control. It was al so
devel oped so that on a signal froma distant radi o station
the plane would rise into the air, choose the proper
direction, fly to a city hundreds of mles away and set
itself down in the airport at that city. This Tesl a-type
robot was devel oped in the plant of the Sperry Gyroscope
Conmpany, where El mer Sperry invented a host of amazing
nmechani cal robots controlled by gyroscopes, such as the
automatic pilots for airplanes and for ships.

Al'l of the nodern control devices using el ectronic tubes
and el ectric eyes that nmake machi nes seem al nost human and
enable themto performw th superhuman activity,
dependability, accuracy and | ow cost, are children of
Tesla's robot, or automaton. The nost recent devel opnent,
in personalized form was the nmechanical man, a netal human
nonster giant, that wal ked, tal ked, snoked a cigarette, and
obeyed spoken orders, in the exhibit of the Wstinghouse

El ectric and Manufacturing Conpany at the New York world's
Fair. Robots have been used, as well, to operate
hydr oel ectri c power houses and isol ated substations of

power houses.

In presenting this superabundance of scientific discovery
in a single denonstration, Tesla was manifesting the
superman in an additional role that pleased himgreatly--
that of the man magnificent. He would astound the world
with a superlative denonstration not only of the profundity
of the acconplishnments of the superman, but, in addition,

of the prolific nature of the m nd of the man magni fi cent
who coul d shower on the world a superabundance of
scientific discoveri es.

ELEVEN

TESLA was now ready for new worlds to conquer. After
presenting to the public his discoveries relating to

wirel ess signaling or the transm ssion of intelligence, as
he called it, Tesla was anxious to get busy on the power
phase: his projected world-w de distribution of power by
wi rel ess net hods.

153



Again Tesla was faced with a financial problemor, to state
the matter sinply, he was broke. The $40, 000 which was paid
for the stock of the Ni kola Tesla Conpany by Adans had been
spent. The conpany had no cash on hand; but it held patents
worth many mllions if they had been handled in a practica
way. A gift of $10,000 from John Hays Hanmond, the fanous

m ni ng engi neer, had financed the work | eading up to the
Madi son Square Garden w rel ess and robot denonstration.

Tesla had built ever |arger and nore powerful oscillators
in his Houston Street |aboratory. when he constructed one

t hat produced 4, 000,000 volts he reached beyond the limts
in which high voltage could be handled within a city
bui |l di ng. The sparks junped to the walls, floors and
ceilings. He needed a | arger open space. He wanted to build
vastly larger coils. He dreaned of a trenendous structure
he would like to build sonewhere in the open country
spaces. He felt certain his wireless patents would prove
tremendously valuable in a short tinme, and he would then
have all the noney he needed to build his | aboratory. But
he had already progressed to the point at which further
advancenent denmanded the use of such a buil ding--and he was
broke. A |l oan of $10,000 offered by his friend Crawford, of
the dry goods firmof Sinpson and Crawford, took care of

i edi at e needs.

Leonard E. Curtis, of the Colorado Springs Electric
Conmpany, a great admirer of Tesla, when he heard of Tesla's
pl an to conduct experinments on a gigantic scale, invited
himto |ocate his |l aboratory at Col orado Springs, where he
woul d provide himw th the necessary land and all the

el ectric power he needed for his work.

Col . John Jacob Astor, owner of the waldorf-Astoria, held
hi s fanmous di ni ng-room guest in the highest esteemas a
personal friend, and kept in close touch with the progress
of his investigations. when he heard that his researches
were being halted through |ack of funds, he nmade avail abl e
to Tesla the $30,000 he needed in order to take advantage
of Curtis' offer and build a tenporary plant at Col orado
Springs. Tesla arrived in Colorado in My, 1899, bringing
with himsone of his |aboratory workers, and acconpani ed by
an engi neering associate, Fritz Lowenstein.

whil e Tesl a was maki ng experinments on natural |ightning and

ot her subjects in his nmountain | aboratory, the construction
work on his high-power transmtting apparatus was being
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rushed. He gave his personal supervision to even the finest
details of every piece of apparatus. He was working in a
virgin field. None had gone before himto pave the way or
gai n experience that would be hel pful to himin designing
his experinents or his nachines. He was entirely on his
own, working w thout human gui dance of any kind, exploring
a field of know edge far beyond that which anyone el se had
reached. He had previously astonished the world in

devel opi ng a system of power transm ssion in which
pressures of tens of thousands of volts were used; now he
was working with mllions of volts, and no one knew what
woul d happen when such trenendous potentials were produced.
He believed, however, that he woul d nmake his own
magni fi cent pol yphase system obsol ete by creating a better
one.

In about three nonths after his arrival at Col orado Springs
the building with its fantastic shapes, towers and nasts
was conpleted, and the giant oscillator with which the
princi pal experinent was to be nade was ready for

oper ati on.

The wi |l d, rugged, nountainous terrain of Colorado, in which
Tesla set up his laboratory, is a natural generator of
tremendous el ectrical activity, producing |ightning

di scharges of a magnitude and intensity probably not
equal ed anywhere el se on earth. Overwhel m ng bolts from
both earth and sky flashed with frightening frequency
during the alnost daily lightning stornms. Tesla made a very
detail ed study of natural Iightning while his apparatus,
which would imtate it, was being constructed. He | earned a
great deal about the characteristics of the various kinds
of di scharges.

The gods of the natural |ightning may have becone a bit

j eal ous of this individual who was undertaking to steal
their thunder, as Pronetheus had stolen fire, and sought to
puni sh him by wecking his fantastic | ooking structure. It
was badly damaged, and narrowly escaped destruction, by a
bolt of lightning, not one that nmade a direct hit but one
that struck ten mles away.

The blast hit the |aboratory at the exact tinme, to the
split second, that Tesla predicted it would. It was caused
by a tidal wave of air comng froma particular type of

I ightning discharge. Tesla tells the story in an
unpubl i shed report. He stated:
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| have had many opportunities for checking this val ue by
observation of explosions and |ightning discharges. An

i deal case of this kind presented itself at Col orado
Springs in July 1899 while | was carrying on tests with ny
br oadcasti ng power station which was the only wrel ess
plant in existence at that tine.

A heavy cl oud had gat hered over Pi kes Peak range and
suddenly lightning struck at a point just ten mles away. |
timed the flash instantly and upon neki ng a quick
conputation told ny assistants that the tidal wave woul d
arrive in 48.5 seconds. Exactly with the |apse of this tine
interval a terrific blow struck the building which m ght
have been thrown off the foundation had it not been
strongly braced. Al the wi ndows on one side and a door
wer e denol i shed and nmuch damage done in the interior

Taki ng into account the energy of the electric discharge
and its duration, as well as that of an expl osion, |
estimted that the concussion was about equivalent to that
whi ch m ght have been produced at that distance by the
ignition of twelve tons of dynamte.

The experinmental station which Tesla erected was an al nost
square barnlike structure nearly one hundred feet on each
side. The sides were twenty-five feet high, and fromthem
t he roof sloped upward toward the center. Fromthe mddle
of the roof rose a skeleton pyram dal tower nade of wood.
The top of this tower was nearly eighty feet above the
ground. Extensions of the slanting roof beans extended
outward to the ground to serve as flying buttresses to
reinforce the tower. Through the center of the tower
extended a mast nearly two hundred feet high, at the top of
whi ch was nounted a copper ball about three feet in

di aneter. The mast carried a heavy wire connecting the bal
with the apparatus in the | aboratory. The mast was arranged
in sections so that it coul d be disjointed and | owered.

There were many pieces of apparatus in the building, and
many forns and sizes of his Tesla coils, or high-frequency
current transformers. The principal device was his

"magni fying transmtter.” This was nerely a very | arge
Tesla coil. A circular fence-like wall seventy-five feet in
di aneter was built in the large central room of the
structure, and on this were wound the turns of the giant
primary coil of the magnifying transmtter. The secondary
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was a coil about ten feet in dianeter, of about seventy-
five turns of wire wound on a cylindrical skeletonized
framework of wood. It had a vertical |length of about ten
feet and was nmounted in the center of the room several feet
above the floor. In the center of this coil was the bottom
part of the mast. The roof above this portion of the room
could be slid outward in two sections, so that no materi al
came within a long distance of the mast and its wire
conductor within the Iower third of the di stance above the
gr ound.

One of the first problens Tesla sought to solve when he
began his researches in the nountains of Col orado was

whet her the earth was an electrically charged body. Nature
is usually very generous in her response when scientists
ask her, in their experinents, questions of first

magni tude. Tesla not only received a very satisfactory
answer to his question but in addition a revel ation of
tremendous i nportance, an unveiling of a secret of Nature's
operati ons which places in the hands of man a neans of
mani pul ating electrical forces on a terrestrial scale.

It was desirable for Tesla to | earn whether the earth was
el ectrically charged for the same reason that a violinist
woul d want to know whet her the strings of his instrument
lay | oose and inert across the bridge or whether they were
tense and taut so that they would produce a nusical note if
pl ucked, or a football player would want to know if the
pigskin were inflated or |inp.

If the earth were uncharged, it would act as a vast sink
into which electricity would have to be flowed in
tremendous anounts to bring it to the state in which it
could be made to vibrate electrically. An uncharged earth
woul d sonmewhat conplicate Tesla's plans. He quickly

di scovered that the earth is charged to an extrenely high
potential and is provided with sone kind of a nmechani smfor
mai ntaining its voltage. It was while determning this fact
that he nade his second big discovery.

Tesl a made the first announcenent of his discovery shortly
after his return to New York in an amazing article in the

Century of June, 1900, but the story is best told by Tesla
in an article in the Electrical world and Engi neer, My 5,
1904:
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In the m ddl e of June, while preparations for other work
were going on, | arranged one of ny receiving transforners
with the view of determning in a novel manner,
experinmentally, the electrical potential of the globe and
studying its periodic and casual fluctuations. This forned
part of a plan carefully mapped out in advance

A highly sensitive, self restorative device, controlling a
recording instrunent, was included in the secondary
circuit, while the primary was connected to the ground and
t he secondary to an elevated term nal of adjustable
capacity. The variations of electrical potential gave rise
to electrical surgings in the primary; these generated
secondary currents, which in turn affected the sensitive
device and recorder in proportion to their intensity.

The earth was found to be, literally, alive with electrical
vi brations, and soon | was deeply absorbed in this
interesting investigation. No better opportunity for such
observations as | intended to make coul d be found anywhere.

Col orado is a country fanous for the natural displays of
electric force. In that dry and rarefied atnosphere the
sun's rays beat on objects with fierce intensity. | raised
steamto a dangerous pressure, in barrels filled with
concentrated salt solution and the tinfoil coating of sone
of ny elevated termnals shrivelled in the fiery blaze. An
experinmental high tension transfornmer, carel essly exposed
to the rays of the setting sun, had nost of its insulating
conpound nel ted and was rendered usel ess.

Ai ded by the dryness and rarefaction of the air, the water
evaporates as in a boiler, and static electricity is
generated in abundance. Lightning discharges are,
accordingly, very frequent and sonetinmes of inconceivable
vi ol ence. On one occasi on approximtely 12,000 di scharges
occurred within two hours, and all in the radius of
certainly less than 50 kiloneters [about 30 mles] fromthe
| aboratory. Many of them resenbled gigantic trees of fire
with the trunks up or down. | never saw fireballs, but as a
conpensation for ny disappointnent | succeeded later in
determ ning the node of their formation and producing them
artificially.

In the latter part of the same nonth |I noticed severa

times that ny instrunents were affected stronger by
di scharges taking place at great distances than by those
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near by. This puzzled me very nmuch. what was the cause? A
nunber of observations proved that it could not be due to
differences in the intensity of individual discharges and |
readi |y ascertained that the phenomenon was not the result
of a varying relation between the periods of ny receiving
circuits and those of the terrestrial disturbances.

One night as | was wal king hone with an assi stant,

nmedi tati ng over these experiences, | was suddenly staggered
by a thought. Years ago when | wote a chapter of ny

| ecture before the Franklin Institute and the Nati onal

El ectric Light Association, it had presented itself to ne,
but | dismssed it as absurd and inpossible. | banished it
agai n. Nevertheless, nmy instinct was aroused and sonehow I
felt that | was nearing a great revelation

It was on the 3rd of July [1899]--the date | shall never
forget--when | obtained the first decisive experinental
evi dence of a truth of overwhel m ng inportance for the
advancenent of humanity.

A dense mass of strongly charged cl ouds gathered in the
west and toward evening a violent storm broke | oose which,
after spending nmuch of its fury in the nountains, was
driven away with great velocity over the plains. Heavy and
| ong persistent arcs fornmed alnost in regular tine
intervals. My observations were now greatly facilitated and
rendered nore accurate by the experiences already gai ned. |
was able to handle nmy instruments quickly and | was
prepared. The recordi ng apparatus being properly adjusted,
its indications becane fainter and fainter with increasing
di stance of the storm until they ceased altogether.

| was wat ching in eager expectation. Surely enough, in a
little while the indications again began, grew stronger and
stronger, and, after passing through a maxi rum gradually
decreased and ceased once nore. Many tines, in regularly
recurring intervals, the sane actions were repeated until
the storm which, as evident from sinple conmputations, was
nmoving with nearly constant speed, had retreated to a

di stance of about 300 kiloneters [about 180 mles]. Nor did
t hese strange actions stop then, but continued to nanifest
t hensel ves wi t h undi m ni shed force.

Subsequently sim | ar observations were al so nade by ny

assistant, M. Fritz Lowenstein, and shortly afterward
several adm rable opportunities presented thensel ves which
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brought out, still nore forcibly and unm stakably, the true
nature of the wonderful phenonenon. No doubt whatever
remai ned: | was observing stationary waves.

As the source of the disturbances noved away the receiving
circuit came successively upon their nodes and | oops.

| npossible as it seenmed, this planet, despite its vast
extent, behaved like a conductor of |imted dinmensions. The
tremendous significance of this fact in the transm ssion of
energy by ny system had al ready becone quite clear to ne.

Not only was it practicable to send tel egraphic nmessages to
any distance without wires, as | recogni zed | ong ago, but
also to inpress upon the entire gl obe the faint nodul ations
of the human voice, far nore still, to transmt power, in
unlimted amounts to any terrestrial distance and al nost

W t hout | oss.

To get a nore fam liar picture of the problemthat Tesla
tackled in seeking to determne if the earth were charged
and if it could be set into electrical vibration, one can
visualize the difference between a bath tub that is enpty
and one that contains water. The uncharged earth woul d be
like an enpty tub; the charged earth |ike one contai ning
water. It is easy to produce waves in the tub containing
the water. By placing one's hand in the water and noving it
back and forth, |engthw se, a short distance at the right
rhythm the water is soon rushing back and forth in a wave
whose anplitude grows at a trenendously rapid rate until

if the hand notion is continued, the water may splash as
hi gh as the ceiling.

The earth can be visualized as an extrenely | arge contai ner
holding a fluid; and in the center is a small plunger
arrangenment which can be noved tip and down a short

di stance in the proper rhythm The waves travel to the edge
of the container and are reflected back to the center, from
whi ch they again go outward re-enforced by the novenent of

t he pl unger.

The reaction between the outgoing and i ncom ng waves, both
in resonance with the nmediumin which they are traveling,
causes stationary waves to be produced on the water, the
surface having the appearance of a single series of waves
frozen in a fixed position.
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In Tesla's experinents the |ightning discharges that played
the part of the plunger causing the waves were novi ng
rapidly to the eastward, and they carried the whole series
of fixed, or stationary, waves with them The neasuring
device remained fixed so the wave series, with its | oops
and nodes, noved past it, causing the neasured potentials
torise and fall.

The experinment not only denonstrated that the earth was
filled wth electricity, but that this electricity could be
di sturbed so that rhythm c vibrations could be struck,
resonance coul d be produced, causing effects of trenendous
magni tude. Sol di ers marching in unison across a bridge and
wecking it by the resulting vibration would again be a
case in point.

Tesl a produced the spectacul ar effects of extrenely high
potentials and high frequency by producing electrical
resonance in his circuits--by tuning the electricity--and
now he had di scovered that he would be able to produce,
easily, the sane effect in the earth as if it were a single
condenser and coil conbined, a pure electrical resonating
unit, by charging and discharging it rhythmcally with his
hi gh-frequency, high-potential oscillations.

In this magnificent experinent Tesla the superman was at
his best; the boldness of his undertaking fired the

i magi nation, and the success he achi eved shoul d have ear ned
for himundying fane.

Eventually, the giant coils with their banks of condensers
and ot her apparatus in, the Col orado | aboratory were ready
for use in full-scale experinents. Every piece of equipnment
was thoroughly inspected and tested by Tesla and the nonent
had finally arrived for the critical test of the highest
vol tage experinment that had ever been made. He expected to
top his own earlier records one hundred tines over, and to
produce tens of thousands of tinmes higher voltages than
ever had been produced in the high-voltage transm ssion
lines at Niagara Falls.

There was not the faintest shadow of doubt in Tesla' s mnd
as to whether his giant oscillator would work. He knew it
woul d wor k, but he also knew that he was going to produce
mllions of volts and trenendously heavy currents; and

nei ther he nor anyone el se knew how these terrific

expl osions of electrical energy would act. He knew that he

161



had pl anned the experinment so that the first bolts of nman-
made |ightning ever created would shoot fromthe top of the
200-foot-tall nast.

Tesl a asked Kol man Czito, who had worked with himfor many
years in his | aboratories in New York, to preside at the
swi t ch-board through which current was brought into the

| aboratory fromthe powerhouse of the Col orado Springs

El ectric Conpany by an overhead transmi ssion line two mles
| ong.

"when | give you the word,"” said Tesla to Czito, "you cl ose
the switch for one second--not |onger."

The inventor took a position near the door of the

| aboratory fromwhich he could viewthe giant coil in the
center of the great barnlike room-but not too close to it,
for a stray bolt of his own [ightning mght inflict a

pai nful burn. Fromthe point where he stood he could | ook
upward toward the open roof and see the three-foot copper
ball on top of the slender 200-foot mast that had its base
in the center of the cageli ke secondary coil. A quick

vi sual survey of the situation, and Tesla gave the signal--
" Now. "

Czito jamred honme the switch and as quickly pulled it out.
In that brief interval the secondary coil was crowned with
a mass of hairlike electrical fire, there was a crackling
sound in various parts of the roomand a sharp snap far
over head.

"Fine," said Tesla, "the experinent is working beautifully.
we wll try it again in exactly the sane way. Now "

Again Czito jamred hone the switch for a second and opened
it. Again the plunmes of electrical fire canme fromthe coil
m nor sparks crackled in all parts of the |aboratory and
the very sharp snap cane through the open roof fromfar
over head.

"This time," said Tesla, "I amgoing to watch the top of
the mast fromthe outside. when | give you the signal

want you to close the switch and leave it closed until |
give you the signal to open it." So saying, he started for
t he near-by open door.
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Reachi ng a point outside fromwhich he could see the copper
ball on top of the needlelike mast, Tesla called through
t he door, "Czito, close the sw tch--Now "

Czito again janmed the switch closed and junped back- -but
hel d his arm extended to yank open the bl ades quickly
shoul d he receive an energency signal. Nothing nmuch had
happened on the quick-contact closing, but now the
apparatus woul d be given an opportunity to build up its
full strength and no one knew what to expect. He knew t hat
t he apparatus would draw a very heavy current through a
primary coil that | ooked Iike a "short circuit,” and he
knew that short circuits could be very destructive if the
current was allowed to continue to flow. The sw tchboard
coul d becone a scene of interesting activity if any thing
et go. Czito expected the quick flash and expl osive bl ast
of a short circuit a second or two after the switch was

cl osed. Several seconds passed with no short circuit.

As soon as the switch was cl osed there cane again the sane
crackling sound, the sanme snap high in the air that he had
heard before. Now it was foll owed by a trenendous upsurge
of sound. The crackling fromthe coil swelled into a
crescendo of vicious snaps. From above the roof the
original staccato snap was followed by a sharper one--and
by another that was |ike the report of a rifle. The next
was still |ouder. They canme closer together |like the rattle
of a machi ne gun. The bang high in the air becane
tremendously |l ouder; it was now the roar of a cannon, with
the discharges rapidly follow ng each other as if a
gigantic artillery battle was taking place over the
bui I ding. The sound was terrifying and the thunder shook

t he building in nost threatening fashion.

There was a strange ghostly blue light in the great
barnli ke structure. The coils were flam ng with nmasses of
fiery hair. Everything in the building was spouting needl es
of flame, and the place filled with the sul phurous odor of
ozone, fumes of the sparks, which was all that was needed
to conplete the conviction that hell was breaking | oose and
bel ching into the building.

As Czito stood near the switch he could feel and see the
sparks junp fromhis fingers, each pricking |like a needle
stuck into his flesh. He wondered if he would be able to
reach for the switch and turn off the power that was
creating this electrical pandenoni um-would the sparks
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beconme | onger and nore powerful if he approached the
swtch? Must this head-splitting racket go on forever? It's
getting worse, that trenendous ear-w ecking bang, bang,
bang overhead. why doesn't Tesla stop it before it shakes
down t he buil ding? Should he open the switch of his own
accord? Maybe Tesl a has been hit, perhaps killed, and can't
give orders to open the switch

It seened to Czito that the denobnstration had been going on
for an hour but as a matter of fact it had |lasted thus far
for only a mnute; neverthel ess, a trenendous anount of
activity had been crowded into that short space of tine.

Qutside stood Tesla, properly attired in cutaway coat and
bl ack derby hat for the auspicious occasion, his slender
six-foot-two figure bearing signs of close relationship to
the mastlike rod sticking out of his bizarre barnlike
structure. Hi s height was increased by a one-inch-thick

| ayer of rubber on the soles and heels of his shoes, used
as electrical insulation.

As he gave the switch-closing "Now' signal to Czito, he
turned his eyes heavenward to the ball on top of the mast.
He had hardly spoken when he saw a short hairlike spark
dart fromthe ball. It was only about ten feet |ong, and
thin. Before he had tine to be pleased, there was a second
and a third and a fourth spark, each |onger, brighter and
bl uer than its predecessor.

"Ah!" ejacul ated Tesla, forgetting to close his nouth that
was W dely opened for a shout. He clenched his hands for
joy and rai sed them skyward toward the top of the nast.

More sparks! Longer and | onger! Ten, twenty, thirty, forty,
fifty, sixty, seventy, eighty feet. Brighter and bl uer! Not
thread-1i ke sparks now but fingers of fire. Wiggling rods
of flanme that |ashed viciously into the heavens. The sparks
were now as thick as his armas they left the ball.

Tesl a's eyes al nost popped out of his head as he saw full-
fl edged bolts of lightning darting into the air,
acconpani ed by a barrage of trenendous crashes of thunder.
Those |lightning bolts were now half again the |l ength of the
bui l di ng, nmore than 135 feet |ong, and the thunder was
being heard in Cripple Creek fifteen m|es away.

Suddenl y- - si | ence!
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Tesl a rushed into the buil ding.

"Czito! Czito! Czito! why did you do that? I did not tel
you to open the switch. Close it again quickly!"

Czito pointed at the switch. It was still closed. He then
pointed at the voltneter and anmmeter on the sw tchboard.
The needl es of both of themregi stered zero.

Tesla sized up the situation instantly. The incom ng wres
carrying power to the | aboratory were "dead."

"Czito," he snapped, "call up the powerhouse quickly. They
must not do that. They have cut off ny power”.

The tel ephone call was put through to the powerhouse. Tesla
grabbed the phone and shouted into it:

"This is N kola Tesla. you have cut off ny power! you nust
give ne back power immedi ately! you nmust not cut off ny
power . "

"Cut off your power, nothing," canme the gruff reply from
the other end of the line. "you' ve thrown a short circuit
on our line wth your blankety-blank-blank experinents and
wr ecked our station. you' ve knocked our generator off the
line and she's now on fire. you won't get any nore power!"

Tesla had built his apparatus substantially, so that it
woul d be able to carry the trenmendously heavy currents he
expected to draw off the line. while his own equi pnent was
able to stand what anmobunted to a heavy short circuit, he
had overl oaded the generator at the Col orado Springs

El ectri c Conpany power house, which tried manfully to carry
t he added burden--but the heavy surge of current was too
much for the dynanp that was not designed to stand such
heavy overloads. Its wires becane hotter and hotter, and
finally the insulation took fire and the copper wire in the
armature coils nelted |ike wax, opening its circuits so
that it ceased to generate electricity.

The power house had a second, standby, generator which was
started up in a short tine. Tesla was insistent that he be
supplied with current fromthis machine as soon as it was
runni ng, but his demand was refused. In the future, he was
told, he would be supplied with current froma dynano
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oper at ed i ndependently fromthe one supplying the Conpany's
regul ar custoners. The independent dynanob, he was told,
woul d be the one that was al ready burned out--and he woul d
get no service until it was repaired. Tesla offered to pay
the cost of an extra-special rush job on the repairs if he
were permtted to handle the work. Alternating-current
dynanos were no nystery to him Taking his workers fromthe
| aboratory to the powerhouse he soon had the repair job
under way, and in |less than a week the dynano was again
oper ati ng.

A lightning stroke produces its spectacul ar pyrotechnics
and earthvibrating effects with less than a nickel's worth
of electricity--at a five-cent-a-kilowatt hour rate, which
is sonewhat | ess than the average household rate for
current. It consists of tremendously heavy currents, many
t housands of anperes at mllions of volts, but it |asts
only a few mllionths of a second. If supplied wth this
"nickel's worth" of current continuously, the |ightning
flash would last indefinitely.

Tesla, in his Colorado Springs |aboratory, was punping a
steady flow of current worth, at the above rate, about
$15.00 an hour into the earth. In an hour he charged the
earth with several hundred tines as nuch el ectrical energy
as is contained in a single lightning stroke. OMng to
resonance phenonena, he could build up electrical effects
in the earth greatly exceeding those of lightning since it
was only necessary, once resonance was established, to
supply energy equal to frictional |osses, in order to
maintain this condition.

In describing his work with the giant oscillator, Tesla,
usi ng conservative estimates of his results, stated in his
article in the Century Magazi ne of June, 1900:

However extraordinary the results shown may appear, they
are but trifling conpared with those attainable by
appar at us desi gned on these sanme principles. | have
produced el ectrical discharges the actual path of which,
fromend to end, was probably nore than 100 feet |ong; but
it would not be dificult to reach Iengths 100 tines as
great.

| have produced el ectrical novenents occurring at the rate

of approxi mately 100, 000 horsepower, but rates of one, five
or ten mllion horsepower are easily practicable. In these
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experinments effects were devel oped i nconparably greater
t han ever produced by any human agencies, and yet these
results are but an enbryo of what is to be.

The net hod used by Tesla to set the earth in electrical
oscillation is the electrical counterpart of the mechanica
devi ce previously described, the plunger bobbing up and
down at the right rhythmthat created the stationary waves
in the water.

Tesl a used a stream of el ectrons which were punped into and
drawn out of the earth at a rapid rhythmc rate. At the
time the experinents were made, the electron still was not
known to be the fundanental atom of electricity, so the
operati on was spoken of sinply as the flow of electricity.

The punpi ng operation was carried on at a rate of 150, 000
oscillations per second. These woul d produce el ectri cal
pul sations with a wavel ength of 2,000 neters (about 6, 600
feet).

when the novi ng waves expanded outward from Col orado
Springs, they traveled in all directions in ever increasing
circles until they passed over the bulge of the earth, and
then in ever smaller circles and with increasing intensity
converged on the dianmetrically opposite point of the earth,
atrifle to the west of the two French Isl ands, Ansterdam
and St. Paul, in the area between the Indian and Antarctic
Oceans m dway between the southern tip of Africa and the
sout hwest corner of Australia. Here a trenendous el ectrical
south pole was built up, marked by a wave of great

anplitude that rose and fell in unison with Tesla's
apparatus at its north pole in Colorado Springs. As this
wave fell, it sent back an electrical echo which produced

the sane effect at Col orado Springs. Just as it arrived
back at Col orado Springs, the oscillator was working to
build up a wave that would re-enforce it and send it back
nore powerfully than before to the antipode to repeat the
perf or mance.

If there were no losses in this operation--if the earth
were a perfect electrical conductor, and there were no

ot her sources of resistance--this resonance phenonenon
woul d build up to a destructive action of gigantic
proportions, even with the charging source of only about
300 horsepower which Tesla used. Voltages of gigantic
magni tudes woul d be built up. Charged particles of matter
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woul d be hurled outward fromthe earth with vast energies,
and eventually even the solid matter of the earth would be
affected and the whol e planet disintegrated. Pure
resonance, however, is not attainable. Tesla frequently
stressed the fortunate nature of this fact; for otherw se
di sastrous results could be produced by small anounts of
energy. The electrical resistance of the gl obe would
prevent the attainment of pure resonance; but practica
resonance can be attained with safety by suppl ying

conti nuously the anount of energy lost in resistance--and
this supplies perfect control of the situation.

with the earth set in electrical oscillation, a source of
energy is provided at all spots on the earth. This could be
drawn off and nade available for use by a suitable sinple
apparatus which would contain the sane el enents as the
tuning unit in a radio set, but larger (a coil and a
condenser), a ground connection and netal rod as high as a
cottage. Such a conbination would absorb, at any point on
the earth's surface, energy fromthe waves rushing back and
forth between the electrical north and south pol es created
by the Tesla oscillators. No other equi pnent woul d be
needed to supply light to the hone, provided with Tesla's
si npl e vacuumtube | anps, or to produce heating effects.
(For the operation of ordinary-type notors, a frequency
changer woul d be needed. Tesl a, indeed, devel oped ironless
notors that woul d operate on high-frequency currents, but

t hey could not conpete in efficiency with notors operated
on | owfrequency currents. Frequency transformation,
however, is now a very practical operation.)

The apparatus that Tesla used to charge the earth is very
simple in principle. Inits elementary formit consists of
a circuit containing a |large coil and condenser of the
correct electrical dinensions to give it the desired
frequency of oscillation, a source of electric current for
energizing the circuit, and a step-up transforner, also
tuned, for increasing the voltage.

The current of a few hundred volts obtained fromthe

power house was stepped up by an ordinary iron box
transformer to nore than 30,000 volts and at this potentia
was fed into a condenser which, when filled, discharged
into the coil connected across its termnals. The rate of

t he back-and-forth surge of current from condenser into
coil and coil back to condenser, in endless repetition, is
determ ned by the capacity of the condenser for holding
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current and the length, or inductance, of the coil through
whi ch the discharge nust travel. An arc between the joint
term nals of condenser and coil conpleted the free
oscillating path of the high-frequency current.

In an oscillating circuit the current is at zero val ue at
the start of each cycle, rises to a high value and drops to
zero again at the end of each half cycle. The voltage does
the sane. Both build up to high values at the m dpoint of
each half cycle.

The coi |l through which the current flows is surrounded by a
magnetic field produced by the current. with heavy current
flows, these fields can becone very extensive and of high
intensity, particularly at the mdpoint in each half cycle.

The primary coil, or energizing circuit of Tesla's
oscillator, consisted of a nunber of turns of heavy wire
mounted on a circular fence eighty feet in dianeter in the
great hall of his laboratory. In the space within this
fenced encl osure the magnetic field built up to a crescendo
of intensity with each half cycle of the current in the
primary coil. As the magnetic circles of force noved to the
center of the enclosure, they becanme nore concentrated and
built up a high density of energy in space in this region.

Centered in this area was another coil perfectly tuned to
vibrate electrically in resonance with the crescendo of
energy in which it was i mersed 300, 000 tinmes per second.
This coil --about ten feet in dianeter, consisting of nearly
one hundred turns on a cagelike frame about ten feet high--
in responding resonantly, built up potentials w th nmaxi num
val ues of nore than 100, 000,000 volts. No scientist has
ever succeeded in building up currents with even one tenth
of this potential since that tine.

when the first surge of magnetic energy crashed into this
coil, it caused a downward aval anche of electrons fromthe
coil into the earth, thereby inflating the earth
electrically and raising its potential. The next surge of
magneti c energy was of the opposite polarity and caused a
tidal wave of electrons fromthe earth to rush through the
coil and upward to the terminal of the coil, which was the
metal ball nounted on the mast 200 feet high.

The downward fl ood of electrons was spread over the w de
area of the earth but the return upward fl ood was
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concentrated on a small netal ball on top of the nast, upon
whi ch trenendously high potentials devel oped. The el ectrons
on the ball were under explosive electrical pressure and
were forced to escape. They nade a spear point of attack on
the surrounding air, broke a small opening, and through
this rushed uncounted billions of billions of electrons,
their mad stanpede rendering their path through the air

i ncandescent for a distance of scores of feet--in other
words, producing a flash of [|ightning.

Havi ng thus succeeded in nmaking the earth oscillate as if
it were a piece of |aboratory apparatus, Tesla would now
proceed to test the practical applications of his unique
nmet hod of worl dw de power transm ssion. (In describing the
node of transm ssion of his oscillating currents through
the earth, Tesla clained the path of the di scharge was from
his station directly through the center of the earth and in
a straight line to the antipode, the return being by the
same route, and that the current on this straight-line path
traveled at its normal velocity--the speed of light. This
fl ow, he decl ared, produced an acconpanyi ng surface fl ow of
current, which was in step at the starting point and when
they rejoined at the antipode; and this necessitated higher
velocities in flow ng over the surface of the earth. The
surface velocities would be infinite at each of the

anti podes, and woul d decrease rapidly until at the
equatorial region of this axis it would travel at the
normal velocity of the currents.)

The full story of Tesla's acconplishnments at Col orado
Springs has never been told and never will be told. He
carried the records, engraved on his alnost infallible
menory, with himwhen he died. Fritz Lowenstein, a
conpetent electrical engineer, interested in high-frequency
currents, was his assistant at Col orado Springs. Tesl a,
however, took neither Lowenstein nor anyone else into his
confi dence.

It was not necessary for Tesla to wite the detailed
records of experinments which scientists and engi neers nmake,
as routine, of their |aboratory tests. He possessed a nost
remar kabl e menory, supplenented by his strange power of
visualizing again, in their full aspects of reality, any
past events. He needed no reference books, for he could

qui ckly derive any desired formula from basic concepts; and
he even carried a table of logarithnms in his head. For
these reasons there is a great lack of witten records on
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his experinents, and what is recorded is nostly of a minor
nat ure.

Fundanental facts of great inportance that he intended to
develop later in a practical manner were stored in the
archives of his mnd to await the tinme when he woul d be
able to present a practical working nodel of the inventions
based on his discoveries. He had no fear that he woul d be
antici pated by others because he was so far in advance of
his contenporaries that he could safely bide his time for
devel opi ng his ideas.

It was Tesla's intention to nake the devel opnent of his

di scoveries a one-man job. He was conpletely confident, at
this time, of his ability to live a century and a quarter,
and to be actively engaged in creative experinental work up
to at |l east his one-hundredth birthday, at which tinme he
woul d gi ve serious thought to the task of witing his

bi ography and a conplete record of his experinental work.
Up to alnost his eightieth year he adhered to this plan

w t hout doubt as to its ultinmate consummati on

As a result of this nost unfortunate design, technica
details are | acking concerning the principal discoveries
made at Col orado Springs. By piecing together the
fragmentary material published in a nunber of publications,
however, it appears evident that Tesla, in addition to
experinments with his gigantic current novenents, as a neans
of establishing world-w de broadcasts and maki ng a nunber
of detectors for such use, tested his power transm ssion
system at a distance of twenty-six mles fromhis

| aboratory and was able to light two hundred i ncandescent

| anps, of the Edison type, with electrical energy extracted
fromthe earth while his oscillator was operating. These

| anmps consuned about fifty watts each; and if two hundred
were used in the test bank, the energy consuned woul d be
10, 000 watts, or approximtely thirteen horsepower.

Transm ssion of thirteen horsepower wirelessly through the
earth for a distance of twenty-six mles can be accepted as
a very adequate denonstration of the practicability of
Tesla's plan. He clainmed an efficiency of higher than 95
per cent for this nethod of energy transm ssion; so he
coul d, undoubtedly, with a 300 horsepower oscillator,
operate nore than a dozen such test denonstrations

si mul t aneously anywhere on the globe. with respect to the
|atter point he stated, "In this new systemit matters
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little--in fact, al nost nothing--whether the transm ssion
is effected at a distance of a fewmles, or of a few

t housand mles."

"while | have not as yet," he stated in the Century article
of June, 1900, "actually effected a transm ssion of a

consi derabl e anmount of energy, such as woul d be of

i ndustrial inportance, to a great distance by this new

nmet hod, | have operated several nodel plants under exactly
the sane conditions which will exist in a |large plant of
this kind, and the practicability of the systemis

t hor oughly denonstrated.”

Tesla was insistent, in his latter decades, on the

exi stence, the actuality, the inportance and availability
of many undi scl osed di scoveri es which he nade at Col orado
Springs. The author urged upon Tesla two or three tines the
desirability of making a disclosure, against the ever
present danger of an accident that m ght cause themto be

| ost to the world; and when the inventor was uni npressed by
this possibility, he was asked to permt the author to do
sonet hing that would bring about their practica

devel opnent. Tesla was courteously appreciative of the
interest mani fested, but he was very enphatic in his

i nsistence that he would handle his own affairs as he saw
fit, and that he expected shortly to have adequate funds to
devel op his inventions.

Tesla returned to New York, in the fall of 1899, broke once
nore, but with the know edge that his efforts had greatly
enriched humanity with inportant scientific discoveries.
yet even nore inportant was the new attitude his work had
made possi bl e: man had achi eved a nethod through which he
could control his gigantic planet, could | ook upon this
heavenly body fromthe godli ke vantage point in which he
could viewit as a piece of |aboratory apparatus to be
mani pul ated as he w il ed.

The pictures which Tesla brought back to New York show ng
the gigantic electrical discharges fromhis oscillator, and
the stories he related of his experiences, created a
tremendous inpression in his circle of friends. It was then
t hat Robert Underwood Johnson, one of the editors of the
Century Magazi ne, at whose hone in Madi son Avenue, in the
exclusive Murray H |l section, Tesla was a frequent and
informal visitor, requested the inventor to wite an
article telling of his acconplishnments.
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when the article was witten, Johnson returned it, telling
Tesl a he had served a ness of cold phil osophical stones

i nstead of a dish of hot throbbing facts. The inventor had
made but scant reference to his recent astounding
acconpl i shnents, but devel oped i nstead a phil osophi cal
systemin which the progress of humanity was viewed as
purely a mechani cal process, activated by the sources of
energy available. Three tinmes the article went back to
Tesla and was as many tinmes rewitten, despite the high
literary quality of the work on each occasion.

The article, which carried the title "The Probl em of

| ncreasi ng Human Energy," created a sensation. Anong those
whose interest it aroused was J. Pierpont Mrgan--a nost
fortunate circunstance for Tesla. The great financier had a
soft spot for geniuses, and Tesla was a perfect exanple of
t he speci es.

Morgan the financier was fanous, but Mrgan the

phi |l ant hropi st, a greater personality, was to the general
publ i c non-existent, so carefully guarded agai nst publicity
were his benefactions. In this he was not always conpletely
successful for there are, of necessity, tw parties to a
beneffi cence, the giver and the receiver; and the pride and
gratitude of the latter can develop into a weak spot in the
shel | of secrecy.

Tesla was invited to Morgan's hone and qui ckly becane a
favorite with the famly. H's record of acconplishnent

whi ch prom sed still greater achievenents in the future,
hi s pl easant personality, his high noral standards of
conduct, his celibate manner of |ife and his manner of
subordinating hinmself to his work, his boylike enthusiasm
were factors that caused himto be admred not only by
Morgan but by all others who knew himwell.

Morgan made inquiries of Tesla concerning his financial
structure. There were, in those days, a |limted nunber of
strong financial groups who were playing a terrestrial gane
of chess with the world's econom c resources; the

di scoveries of a genius like Tesla mght well have a

prof ound effect on the destinies of one or nore of these
groups, and it would be well for an operator in this field
to know nore of the inventor's conmtnents. Undoubtedly, it
was a source of surprise and satisfaction to Mdrgan when he
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| earned that Tesla was a | one operator and now entirely
w t hout funds needed to carry on his researches.

Morgan knew wel |l the inestimble value of Tesla' s pol yphase
al ternating-current system The N agara devel opnent was a
Morgan enterprise, and gigantic plans were being buil ded on
its already proven success. The man who laid the scientific
and engi neering foundation for this new and profitable
industrial electrical era was broke and engaged in

devel opi ng a new source of power distribution. He had

suppl anted Edison's half-mle power pygny with a gi ant
having a thousand-m | e range, and now he was working on a
system whi ch experinments had shown coul d distribute power
wirelessly to the ends of the earth with but a small
fraction of the | osses of the Edison systemin distributing
power by wire for half a mle, and could even send current
around the earth cheaper than his own alternating-current
systemcould distribute it at a distance of one hundred
mles. The economic inplications of this devel opnent
staggered the i magi nation. what effect would it have on the
chess gane being played by the world' s financial groups?

woul d the new wi rel ess-distribution-of-power systemfit
into the existing economi ¢ and financial structure? Could
it be usefully applied w thout derangenents of greater
magni tude than the benefits it would produce? If it were
adopted for devel opnment, who woul d be best suited to
control it? Could it be controlled in a practical way when
any spot on earth would be an outlet for an unlimted
reservoir of power for anyone who cared to tap it with a
si npl e devi ce? How coul d conpensation be collected for the
servi ce rendered?

These were sone of the nost obvious aspects of Tesla's
wor |l d power systemthat would instantly present thensel ves
to the practical mnd of Morgan. In addition, Tesla was
proposi ng a worl d-w de broadcasting system for distributing
news, entertai nnent, know edge, and a host of other
interesting items. Myrgan could well understand the
practical aspects of w reless comrunication in which a
charge could be made for transmtting nessages from point
to point, which was a part of the Tesla system-but, to the
inventor's way of thinking, only a mnor part conpared to
the nore inportant broadcasting and power-distribution
systens.
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A Morgan woul d understand that ingenious mnds could work
out sone nethod for placing such world-wi de services on a
practical profit-paying basis; but this whole new Tesl a
devel opnment had a fantastical aspect that was upsetting to
so-called "practical"™ mnds not accustomed to thinking
first-magni tude thoughts. The new system m ght prove nore

i nportant than the pol yphase system which went as a record-
br eaki ng bargain to Westinghouse for $1, 000, 000.
West i nghouse was then the nost powerful conpetitor of the
Edi son system whi ch Morgan had backed, and particularly of
t he General Electric Conpany whose financi ng Mrgan had
arranged. Al though Westinghouse secured a nonopoly, neans
were found for causing himto share it, by a |license
agreenent, with the General Electric Conpany, so the Mrgan
conpany had equal opportunities to exploit the rich market.

Hi story m ght now be repeating itself with the sane

i nventor, who now had a hypersuperpower systemto suppl ant
his own superpower system In this case Mrgan could place
hinmself in a position to seize the nonopoly of world power.

The group holding a nonopoly control over such a system
coul d develop it, or not develop it, as it saw fit; it
coul d be devel oped to produce a profit by supplanting or
suppl ementing the satisfactory wire distribution system or
it could be put on the shelf to prevent it frominterfering
with the existing system A nonopoly of it could prevent
any other group fromsecuring it and using it as a club to
force concessions fromthose controlling existing
enterprises. Omership of the Tesla worl d-power and worl d-
broadcasti ng patents m ght well prove an extrenely
profitable investnent even if a very high price were paid
for them

But there was also a nore subtle viewpoint. wi thout a
strong backing by a powerful source of capital, a world-
wi de system such as Tesl a proposed coul d never be brought
into operating existence. If a powerful group had an
opportunity to get in on the ground floor and secure
nmonopoly control and failed to do so, and let it becone
apparent that this was done intentionally, the effect of
such a decision could easily result in scaring off any

ot her groups and effectually preventing anyone from ever
backi ng the system

Mor gan, however, in his contacts with Tesla, brought no
commercial or practical aspects into the situation. H's
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interest was entirely that of a patron seeking to aid a
genius to express his creative talents. He nade gifts to
Tesla to which there were no strings attached. The inventor
coul d use the noney as he saw fit. No definite informtion
is avail able as to the amount of those contributions, but
an authoritative source, close to Tesla, fixes the anount
whi ch he received within a very short period at $150, 000.
Later contributions, spread over a |long period of years,
are believed to have brought the total to double this
anmount .

Tesl a made no secret of Mdirgan's support. He stated, in the
article in the Electrical world and Engi neer, published
March 5, 1904, describing his wireless power work up to
that tine:

"For a large part of the work which | have done so far | am
i ndebted to the noble generosity of M. J. Pierpont Mrgan,
which was all the nore welconme and stinmulating, as it was
extended at a tine when those, who have since prom sed

nost, were the greatest of doubters.”

when Morgan made his first contribution, the runor got into
circulation that he was financially interested in the
enterprise upon which Tesla now enbarked. The resulting
situation contained sone el ements of useful ness for Tesla
because of the tremendous prestige of the financier. when,
however, Tesla later found hinmself critically in need of
funds, and it becane apparent that Mrgan was not
financially involved in the project and apparently was not
comng to the rescue of the inventor, then the reaction set
in and the situation becane distinctly and definitely
unsati sfactory.

In 1900, however, Tesla had $150, 000 on hand and a gigantic
idea to be put into operation. The worl d-shaki ng super man,
riding his tidal wave of fane and popularity, set to work

THE year 1900 marked to Tesla not only the opening of a new
century but al so the beginning of the worl d-superpower and
radi o-broadcasting era. Wth the encouragenent of J. P.
Morgan to spur himon--if he could acconmpdate any nore
spurring than his own inner drive furnished--and with

$150, 000 in cash fromthe sanme source, he was set to enbark
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upon a gigantic venture, the building of a world wrel ess-
power and a world broadcasting station.

The cash on hand would be totally inadequate to finance the
project to conpletion, but this did not deter himfrom
maki ng a start. He needed a | aboratory both to replace the
Houston Street establishnment, which had becone entirely

i nadequate, and to include equi pnent of the type enpl oyed
at Col orado Springs, but designed for use in the actual

wor | d- br oadcasti ng process. The | ocation was determ ned as
the result of an arrangenent he made with Janmes S. Warden,
manager and director of the Suffolk County Land Conpany, a
| awyer and banker fromthe Wst who had acquired two

t housand acres of |and at Shoreham in Suffolk County, Long
| sl and, about sixty miles from New York. The |and was made
the basis of a real-estate devel opnent under the nane

War dencliff.

Tesl a visualized a power-and-broadcasting station which
woul d enpl oy thousands of persons. He undertook the
establishment, eventually, of a Radio Cty, sonething far
nore anbitious than the enterprise in Rockefeller Center in
New Yor k which bears this name today. Tesla planned to have
al |l wavel engt h channel s broadcast froma single station, a
project which would have given hima conpl ete nonopoly of

t he radi o- broadcasti ng busi ness. What an opportunity near-
si ght ed busi nessnmen of his day overl ooked in not getting in
on his project! But in that day Tesla was about the only
one who vi sualized nodern broadcasting. Everyone el se
visualized wirel ess as being useful only for sending

t el egraphi ¢ communi cati ons between ship and shore and
across the ocean.

M. Warden saw possibilities of a sort in Tesla' s plan,
however, and offered hima tract of two hundred acres, of
which twenty acres were cleared, for his power station,
with the expectation that the two thousand nmen who woul d
shortly be enployed in the station would build hones on
convenient sites in the remai nder of the 2,000-acre tract.
Tesl a accept ed.

Stanford White, the fanobus designer of many churches and

ot her architectural nonunments throughout the country, was
one of Tesla's friends. He now disclosed to the fanous
architect his vision of an industrial "city beautiful” and
sought his co-operation in realizing his dream M. Wite
was ent husi astic about the idea and, as his contribution to
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Tesla's work, offered to underwite the cost of designing
the strange tower the inventor sketched, and all of the
architectural work involved in the general plan for the
city. The actual work was done by W D. Crow, of East
Orange, N. J., one of M. Wiite' s associates, who |ater
becane famous as a designer of hospitals and ot her
institutional buildings.

It was a fantastic-looking tower, with strange structural
limtations, which M. Crow found hinself designing. Tesla
required a tower, about 154 feet high, to support at its
peak a gi ant copper electrode 100 feet in dianmeter and
shaped |i ke a gargantuan doughnut with a tubul ar di ameter
of twenty feet. (This was |ater changed to a hem spherica
el ectrode.)

The tower woul d have to be a skel etonized structure, built

al nost entirely of wood, netal to be reduced to an utter

m ni mum and any netal fixtures enployed to be of copper. No
engi neering data were avail able on wood structures of this

hei ght and type.

The structure Tesla required had a | arge anmobunt of "sai
area," or surface exposed to wind, concentrated at the top,
creating stresses that had to be provided for in a tower
that itself possessed only limted stability. M. Crow

sol ved the engi neering problens and then the equally
diffcult task of incorporating esthetic qualities in such
an edifi ce.

When the design was conpl eted another diffculty was
encount ered. None of the well-known builders could be

i nduced to undertake the task of erecting the tower. A
conpetent franmer, associated with Norcross Bros., who were
a large contracting firmin those days, finally took over
the contract, although he, too, expressed fears that the
wi nter gales mght overturn the structure. (It stood,
however, for a dozen years. Wen the Governnent, for
mlitary reasons decided it was necessary to renove this
conspi cuous |l andmark during the First World War, heavy
charges of dynamite were necessary in order to topple it,
and even then it remained intact on the ground |ike a
fallen Martian invader out of Wells' War of the Wrlds.)
The tower was conpleted in 1902, and with it a large | ow
brick building nore than 100 feet square which would
provi de quarters for the powerhouse and | aboratory. Wile
the structures were being built, Tesla conmmuted every day
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fromthe Wal dorf-Astoria to Wardencliff, arriving at the
near - by Shoreham station shortly after el even am and
remaining until three-thirty. He was al ways acconpani ed by
a man servant, a Serbian, who carried a heavy hanper filled
with food. When the | aboratory transferred from Houston
Street was in full operation at Wardencliff, Tesla rented
the Bail ey cottage near the Long Island Sound shore and
there made his honme for a year.

The heavy equi pnent, the dynanps and notors, that Tesla
desired for his plant were of an unusual design not
produced by manufacturers, and he encountered nany
vexatious delays in securing such nmaterial. He was able to
carry on a wi de range of high-frequency current and ot her
experinments in his new | aboratory, but the principa
project, that of setting up the worl dw de broadcasting
station, |agged. Meanwhil e, he had a nunber of glass

bl owers maki ng tubes for use in transmtting and receiving
hi s broadcast progranms. This was a dozen years before De
Forest invented the formof radio tube nowin general use.
The secret of Tesla's tubes died with him

Tesl a seened to be entirely fearless of his high-frequency
currents of mllions of volts. He had, neverthel ess, the
greatest respect for the electric current in all fornms, and
was extrenely careful in working on his apparatus. Wen
working on circuits that mght cone "alive," he always

wor ked with one hand in his pocket, using the other to

mani pul ate tools. He insisted that all of his workers do

I i kewi se when working on the 60-cycle | owfrequency
alternating-current circuits, whether the potential was
50,000 or 110 volts. This safeguard reduced the possibility
of a dangerous current finding a circuit through the arns
across the body, where there was chance that it mght stop
the action of the heart.

In spite of the great care which he manifested in all of
his experinmental work, he had a narrow escape from |l osing
his life at the Wardencliff plant. He was naking
experinments on the properties of small-dianeter jets of
wat er novi ng at high velocity and under very high
pressures, of the order of 10,000 pounds per square inch.
Such a stream could be struck by a heavy iron bar wthout
the stream being disrupted. The inpinging bar woul d bounce
back as if it had struck another solid iron bar--a strange
property for a nechanically weak substance |ike water. The
cylinder holding the water under high pressure was a heavy
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one made of wrought iron. Tesla was unable to secure a
wrought -iron cap for the upper surface, so he used a
heavi er one of cast iron, a nore brittle nmetal. One day
when he raised the pressure to a point higher than he had
previ ously used, the cylinder exploded. The cast-iron cap
broke and a large fragnent shot within a few inches of his
face as it went on a slanting path upward and finally
crashed t hrough the roof. The hi gh-pressure stream of water
had peculiar destructive effects on anything with which it
canme in contact, even tough, strong netals. Tesla never
reveal ed the purpose or the results of these high-pressure
experi nents.

Tesla's insistence on the utnost neatness in his |aboratory
al nost resulted in a tragedy through a case of

t hought | essness on the part of an assistant. Arrangenents
were being made for installing a heavy piece of nachinery
whi ch was to be lag bolted to the thick concrete fl oor.

Hol es had been drilled in the concrete. The plan called for
pouring nolten lead into these holes and screwi ng the heavy
bolts into the netal when it cooled. As soon as the holes
were drilled, a young assistant starting cleaning up the
debris. He not only swept up the stone chips and dust: he
got a nop and thoroughly washed that area of the fl oor,

t houghtl essly letting some of the water get into the holes.
He then dried the floor. In the nmeantine Tesla and George
Scherff, who was his financial secretary but also served in
any way in which he could be helpful, were nelting the |ead
whi ch woul d hold the lag screws in the holes in the floor.
Scherff took the first large |adleful of |ead fromthe
furnace and started across the |aboratory to where the

hol es had been drilled, followed shortly by Tesla bearing
anot her [ adl e.

Scherff bent down--and as he poured the hot |iquid netal
into one of the holes an explosion followed instantly. The
nolten | ead was bl own upward into his face in a shower of
searing hot drops of liquid netal. The water which the
assistant used to swab the floor had settled into the holes
and, when the nelted | ead cone in contact wwth it, it was
changed to steam which shot the | ead out of the hole like a
bull et out of the barrel of arifle. Both nmen were showered
with drops of hot netal and dropped their |adles. Tesla,
bei ng several feet away, was only slightly injured; but
Scherff was very seriously burned about the face and hands.
Drops of the netal had struck his eyes and so severely
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burned themthat it was feared for a while that his sight
coul d not be saved.

However, despite the alnost unlimted possibilities for
accidents in connection with the vast variety of
experinments which Tesla conducted in totally unexpl ored
fields, using high voltages, high anperages, high
pressures, high velocities and high tenperatures, he went

t hrough his entire career with only one accident in which
he suffered injury. In that a sharp instrunent slipped,
entered his pal mand penetrated through the hand. The
accident to Scherff was the only one in which a nenber of
his staff was injured, with the exception of a young

assi stant who devel oped X-ray burns. He had probably been
exposed to the rays fromone of Tesla' s tubes which,
unknown to Tesla and everyone el se, had been produci ng them
even before Roentgen announced their discovery. Tesla had
gi ven them anot her nane and had not fully investigated
their properties. This was probably the first case of X-ray
burns on record.

Tesl a was an indefatigable worker, and it was hard for him
to understand why others were incapable of such feats of
endurance as he was able to acconplish. He was willing to
pay unusual ly high wages to workers who were willing to
stick with himon protracted tasks but never demanded t hat
anyone work beyond a reasonable day's | abor. On one
occasi on a piece of |ong-awaited equipnent arrived and
Tesla was anxious to get it installed and operating as

qui ckly as possible. The el ectricians worked through
twenty-four hours, stopping only for neals, and then for
anot her twenty-four hours. The workers then dropped out,
one by one, picking out nooks in the building in which to
sl eep. Wiile they took fromeight to twelve hours' sleep,
Tesl a continued to work; and when they canme back to the job
Tesla was still going strong and worked with themthrough
his third sl eepless twenty-four-hour period. The nen were

t hen given several days off in which to rest up; but Tesla,
apparently none the worse for his seventy-two hours of
toil, went through his next day of experinents,
acconplishing a total of eighty-four hours w thout sleep or
rest.

The plant at Wardencliff was intended primarily for
denonstrating the radi o-broadcasting phase of his "Wrld
Systent; the power-distribution station was to be built at
Ni agara Falls.
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Tesla at this tinme published a brochure on his "Wrld
Systent which indicates the remarkabl e state of advancenent
he had projected in the wireless art, now called radio,
whi | e ot her experinmenters were struggling to acquire
famliarity with rudinentary devices. At that tine,
however, his prom ses seened fantastic. The brochure
contained the follow ng description of his systemand his
obj ecti ves:

The Wrld System has resulted froma conbi nati on of severa
original discoveries nade by the inventor in the course of
| ong continued research and experinentation. It nakes

possi ble not only the instantaneous and precise wreless
transm ssion of any kind of signals, nessages or
characters, to all parts of the world, but also the

i nterconnection of the existing tel egraph, tel ephone, and
ot her signal stations w thout any change in their present
equi pnrent. By its neans, for instance, a tel ephone
subscri ber here many call up any other subscriber on the

G obe. An inexpensive receiver, not bigger than a watch
will enable himto |isten anywhere, on land or sea, to a
speech delivered, or nusic played in sone other place,
however distant. These exanples are cited nerely to give an
idea of the possibilities of this great scientific advance,
whi ch anni hil ates di stance and nakes that perfect
conductor, the Earth, available for all the innunerable
pur poses whi ch human ingenuity has found for a line wre.
One far reaching result of this is that any device capable
of being operated through one or nore wires (at a distance
obviously restricted) can |ikew se be actuated, w thout
artificial conductors and with the sanme facility and
accuracy, at distances to which there are no |limts other

t han those i nposed by the physical dinensions of the d obe.
Thus, not only will entirely new fields for conmercial
expl oi tation be opened up by this ideal nethod of

transm ssion, but the old ones vastly extended.

The Wrld Systemis based on the application of the
follow ng inportant inventions and di scoveri es:

1. The Tesla Transforner. This apparatus is, in the
production of electrical vibrations, as revolutionary as
gunpowder was in warfare. Currents many tinmes stronger than
any ever generated in the usual ways, and sparks over 100
feet | ong have been produced by the inventor with an

i nstrument of this kind.
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2. The Magnifying Transmtter. This is Tesla's best
invention--a peculiar transforner specially adapted to
excite the Earth, which is in the transm ssion of

el ectrical energy what the telescope is in astronom ca
observation. By the use of this marvel ous device he has

al ready set up electrical novenents of greater intensity
than those of lightning and passed a current, suffcient to
Iight nore than 200 i ncandescent |anps, around the d obe.

3. The Tesla Wreless System This system conprises a
nunber of inprovenents and is the only means known for
transmtting economcally electrical energy to a distance
w thout wires. Careful tests and neasurenents in connection
with an experinmental station of great activity, erected by
the inventor in Colorado, have denobnstrated that power in
any desired anount can be conveyed cl ear across the G obe
if necessary, with a | oss not exceeding a few per cent.

4. The Art of Individualization. This invention of Tesla is
to primtive tuning what refined | anguage is to

unarticul ated expression. It nmakes possible the

transm ssion of signals or messages absol utely secret and
exclusive both in active and passive aspect, that is, non-
interfering as well as non-interferable. Each signal is

i ke an individual of unm stakable identity and there is
virtually no limt to the nunber of stations or instrunents
that can be simnultaneously operated w thout the slightest
nmut ual di st urbance.

5. The Terrestrial Stationary Waves. This wonderf ul

di scovery, popul arly explained, neans that the Earth is
responsive to electrical vibrations of definite pitch just
as a tuning fork to certain waves of sound. These
particul ar electrical vibrations, capable of powerfully
exciting the dobe, Iend thenselves to i nnunerabl e uses of
great i nportance commercially and in many ot her respects.

The first World System power plant can be put in operation
in nine nonths. Wth this power plant it will be practical
to attain electrical activities up to ten mllion
horsepower and it is designed to serve for as nany
techni cal achi evenents as are possi bl e without undue
expense. Anong these the follow ng may be nenti oned:

1. Interconnection of the existing tel egraph exchanges of
offces all over the Wrld;
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2. Establishment of a secret and non-interferable
governnent tel egraph service;

3. Interconnection of all the present tel ephone exchanges
or offces all over the d obe;

4. Universal distribution of general news, by tel egraph or
t el ephone, in connection with the Press;

5. Establishnment of a Wrld Systemof intelligence
transm ssion for exclusive private use;

6. Interconnection and operation of all stock tickers of
the worl d;

7. Establishnment of a world system of nusical distribution,
etc.;

8. Universal registration of tinme by cheap cl ocks
indicating the tinme with astronom cal precision and
requiring no attention whatever;

9. Facsimle transm ssion of typed or handwitten
characters, letters, checks, etc.

10. Establishnment of a universal marine service enabling
navigators of all ships to steer perfectly w thout conpass,
to determ ne the exact |ocation, hour and speed, to prevent
collisions and disasters, etc.;

11. Inauguration of a systemof world printing on |and and
sea;

12. Reproduction anywhere in the world of photographic
pi ctures and all kinds of draw ngs or records.

Thus, nore than forty years ago, Tesla planned to

i naugurate every feature of nodern radi o, and severa
facilities which have not yet been devel oped. He was to
continue, for another twenty years, to be the only

"W rel ess" inventor who had yet visualized a broadcasting
servi ce.

While at work on his Wardencliff radio-broadcasting plant,

Tesl a was al so evol ving plans for establishing his world
power station at N agara Falls. So sure was he of the
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successful outcone of his efforts that he stated in a
newspaper interviewin 1903 that he would light the | anps
of the comng international exposition in Paris with power
wirelessly transmtted fromthe Falls. G rcunstances,
however, prevented himfrom maki ng good this promse. H's
diffculties and his plans were outlined in a statenent
published in the Electrical Wrld and Engi neer, March 5,
1904:

The first of these central plants woul d have been al ready
conpl eted had it not been for unforeseen del ays which,
fortunately, have nothing to do with its purely technical
features. But this loss of tine, while vexatious, nay,

after all, prove to be a blessing in disguise. The best
design of which |I know has been adopted, and the
transmtter will emt a wave conplex of a total maximm

activity of 10,000,000 horsepower, one percent of which is
anply suffcient to "girdle the globe.” This enornous rate
of energy delivery, approximately tw ce that of the
conbined falls of Niagara, is obtainable only by the use of
certain artifices, which | shall nmake known in due course.

For a large part of the work which | have done so far | am
i ndebted to the noble generosity of M. J. Pierpont Mbrgan,
which was all the nore welcone and stinmulating, as it was
extended at a tinme when those, who have since prom sed
nost, were the greatest of doubters. | have also to thank
nmy friend Stanford Wite, for nuch unselfish and val uabl e
assistance. This work is now far advanced, and though the
results may be tardy, they are sure to cone.

Meanwhi |l e, the transm ssion of energy on an industria
scale is not being neglected. The Canadi an N agara Power
Conpany have offered ne a splendid i nducenent, and next to
achi eving success for the sake of the art, it will give ne
the greatest satisfaction to make their concession
financially profitable to them In this first power plant,
whi ch | have been designing for a long time, | propose to
di stribute 10,000 horsepower under a tension of 10,000, 000
volts, which I amnow able to produce and handle with
safety.

This energy will be collected all over the gl obe preferably
in small amounts, ranging froma fraction of one to a few
hor sepower. One of the chief uses will be the illum nation

of isolated homes. It takes very little power to light a
dwel i ng with vacuum tubes operated by hi gh frequency
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currents and in each instance a termnal a little above the
roof will be suffcient. Another valuable application wll
be the driving of clocks and other such apparatus. These
clocks will be exceedingly sinple, will require absolutely
no attention and will indicate rigorously correct tinme. The
i dea of inpressing upon the earth Arerican tine is
fascinating and very likely to becone popular. There are

i nnuner abl e devices of all kinds which are either now

enpl oyed or can be supplied and by operating themin this
manner | may be able to offer a great convenience to the
whole world with a plant of no nore than 10,000 horsepower.
The introduction of this systemw || give opportunities for
i nventi on and manufacture such as have never presented

t hensel ves before.

Knowi ng the far reaching inportance of this first attenpt
and its effect upon future devel opnent, | shall proceed
slowy and carefully. Experience has taught nme not to
assign atermto enterprises the consummtion of which is
not whol |y dependent on nmy own abilities and exertions. But
| am hopeful that these great realizations are not far off
and | know that when this first work is conpleted they wll
follow with mat hematical certitude.

When the great truth accidentally reveal ed and
experinentally confirmed is fully recognized, that this
planet, with all its appalling imensity, is to electric
current virtually no nore than a small netal ball and that
by this fact many possibilities, each baffling the

i magi nati on and of incal cul abl e consequence, are rendered
absol utely sure of acconplishnent; when the first plant is
i naugurated, and it is shown that a tel egraphic nessage,

al nrost as secret and non-interferable as a thought, can be
transmtted to any terrestrial distance, the sound of the
human voice, with all its intonations and inflections,
faithfully and instantly reproduced at any point of the

gl obe, the energy of a waterfall nade avail able for
supplying light, heat or notive power, anywhere on sea, or
land, or high in the air--humanity will be |like an ant heap
stirred up with a stick: See the excitenent com ng.

The Ni agara Falls plant was never built; and diffculties,
soon enough, were encountered at the Wardencliff plant not
only in securing desired equi pnment but al so finances.

Tesl a's greatest oversight was that he neglected to invent,
so to speak, a device for making the unlimted quantities
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of noney that were necessary to devel op his other

i nventions. As we have seen, he was utterly lacking in the
phase of personality that nmade possible the securing of
financial returns directly fromhis inventions. An

i ndividual with his ability could have made nmillions out of
each of a nunber of Tesla's mnor inventions. If he had
taken the trouble, for exanple, to collect annual royalties
on twenty or nore different kinds of devices put out by as
many nmanufacturers enploying his Tesla coil for nedica
treatnments, he would have had anple incone to finance his
Wrld Wrel ess System

H s m nd, however, was too fully occupied with fascinating
scientific problens. He had, at tines, nearly a score of

hi ghly skilled worknmen constantly enployed in his

| aboratory devel oping the electrical inventions he was
continuing to nake at a rapid rate. Arned guards were

al ways stationed around the | aboratory to prevent spying on
his inventions. H's payroll was heavy, his bank bal ance
becanme dangerously |ow, but he was so imersed in his
experinental work that he continuously put off the task of
maki ng an effort to repair his finances. He soon found

hi msel f facing judgnents obtained by creditors on accounts
upon whi ch he could not make paynents. He was forced, in
1905, to close the Wardencliff |aboratory.

The fantastic tower in front of the | aboratory was never
conpl eted. The doughnut -shaped copper el ectrode was never
built because Tesla changed his m nd and deci ded to have a
copper hem sphere 100 feet in dianeter and 50 feet high
built on top of the 154-foot cone-shaped tower. A skeleton
framework for holding the hem spherical plates was built,
but the copper sheeting was never applied to it. The 300-
hor sepower dynanos and the apparatus for operating the
broadcasting station were left intact, but they were
eventual ly renoved by the engineering firmthat installed
t hem and had not been paid.

Tesl a opened an offce at 165 Broadway, in New York, where
for a while he tried to contrive sonme neans for reviving
his project. Thomas Fortune Ryan, the well -known financier,
and H O Haveneyer, the |eading sugar refiner, aided him
with contributions of $10,000 and $5, 000 respectively.

| nstead of using these to open another |aboratory, he
applied themto paying off the debts on his now defunct
Wrld Wreless System He paid off every penny due to every
creditor.
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When it becane apparent that Tesla was in financia
diffculties, many who had assuned that Mrgan was
financially involved as an investor in his project were

di sillusioned. When specific inquiries revealed that the
great financier held no interest whatever in the
enterprise, the runor got into circulation that Mrgan had
wi t hdrawn his support; and when no reason for such action
coul d be I earned the runor expanded to carry the story that
Tesla's systemwas inpracticable. As a matter of fact,
Morgan continued to nake generous personal contributions to
Tesla alnost up to the time of his own death; and his son
did so to a |l esser extent for a short tine.

Tesl a made no effort to conbat the grow ng runors.

| f Tesla could have tol erated a busi ness nmanager, and had
pl aced the devel opnment of his patents in the hands of a
busi nessman, he coul d have established as early as 1896 a
practical ship-to-shore, and probably a trans-oceanic

W reless service; and these woul d have gi ven hima nonopol y
inthis field. He was asked to rig up a wireless set on a
boat to report the progress of the international yacht race
for Ll oyds of London in 1896, but he refused the offer,
which was a lucrative one, on the grounds that he woul d not
denonstrate his systempublicly on I ess than a worl d-w de
basi s because it could be confused with the amateurish
efforts bei ng nade by ot her experinenters. If he had
accepted this offer--and he could have net the requirenents
wi t hout the |east technical diffculty--he undoubtedly woul d
have found his interests diverted to some extent into a
profitable commercial channel that m ght have nmade a vast,
and favorable, change in the second half of his life.

Tesl a, however, could not be bothered with m nor, even

t hough profitable projects. The superman, the man

magni ficent, was too strong in him The man who had put

i ndustry on an electrical power basis, the man who had set

the whole earth in vibration, could not fill a mnor role
of carrying nmessages for hire. He would function in his
maj or capacity or not at all; he would be a Jupiter, never
a Mercury.

CGeorge Scherff, who was engaged by Tesl a as bookkeeper and
secretary when he opened his Houston Street |aboratory, was
a practical individual. He managed, as far as was humanly

possi ble, to keep the inventor disentangled in his contacts
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with the business world. The nore he knew Tesla, the better
he liked him and the nore respect he had for his genius
and his ability as an inventor, the nore he becane

consci ous of the fact that this genius was totally | acking
in business ability.

Scherff was understandably distressed by a situation in
whi ch an enterprise was continuously spendi ng noney but
never receiving any. He sought to protect as far as
possi bl e the $40, 000 which Tesla received from Adans as an
investnent in the enterprise; and it was stretched to cover
nore than three years of great activity. Scherff wanted
Tesla to work out plans for deriving an inconme fromhis

i nventions. Each new devel opnment which Tesl a produced was
studi ed by Scherff and made the basis for a plan for

manuf acture and sale of a device. Tesla unifornmly rejected
all the suggestions. "This is all small-tinme stuff,” he
woul d reply. "I cannot be bothered with it."

Even when it was pointed out to himthat nmany manufacturers
were using his Tesla coils, selling great nunbers of them
and maki ng plenty of noney out of them his interest could
not be aroused to enter this profitable field, nor to
permt Scherff to arrange to have a sideline set-up which
coul d be conducted without interfering with his research
wor k. Nor could he be induced to bring suits to protect his
invention and seek to nake the nmanufacturers pay him
royalties. He admitted, however, "If the nmanufacturers paid
me twenty-five cents on each coil they sold | would be a
weal t hy man."

When LI oyds of London nmade their request that he set up a
wireless outfit on a boat and report the internationa
yacht races of 1896, by his new wirel ess system and

of fered a generous honorarium Scherff becane insistent
that the offer be accepted; and he urged Tesla to drop al
other work tenporarily and use the publicity he woul d get
fromthe exploit as a neans of floating a comrerci al
conpany for transmtting wrel ess nessages between ship and
shore and across the ocean, pointing out that noney would
be made both in manufacturing the apparatus and in
transmtting nessages. The conpany, Scherff suggested,
coul d be operated by managers to produce an i ncone and
Tesla could return to his work of making inventions and
al ways have plenty of noney to pay for the cost of his
resear ches.
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Scherff can | ook back today, as he sits on the porch of his
West chester hone, and decide, through a retrospect of fifty
years, that his plan was basically sound, with the Radio
Corporation of America, its extensive manufacturing
facilities and its worl dwi de comuni cati on system its
tremendous capital system and earnings, as evidence in
support of the claim

Tesla's reply to the proposal was, as usual, "M. Scherff,
that is small-tinme stuff. | cannot be bothered with it.
Just wait until you see the magnificent inventions | am
going to produce, and then we will all make mllions."

Tesla's mllions never cane. Scherff remained with him
until the Wardencliff |aboratory closed, owing to the |ack
of income, which he had been trying to circunvent. Scherff
t hen established a lucrative connection with the Union

Sul phur Co. but he still continued, w thout taking
conpensation, to give Tesla one day a week of his tinme and
keep his business affairs disentangled as far as possible.
Tesl a was neticul ously careful about payi ng everyone who
performed any service for him but this was counterbal anced
by an active faculty for contracting bills w thout waiting
to see if he had funds on hand to neet them Money was an
annoyi ng anchor that always seened to be draggi ng and

hi ndering his research activities--sonething that was too
mundane to nerit the tine and attention he should be giving
to nore i nportant things.

Scherff, tight-1ipped and businesslike, cannot be induced
to talk of Tesla's affairs. If he were, instead, a

| oquaci ous phil osopher, he m ght be induced to smle over
the frailties of human nature, and the strange pranks which
fate can play on individuals, as he thinks of Tesla, who,
on the basis of a single invention, m ght have becone an

i ndi vi dual Radi o Corporation of Anerica and failed to do
so, and who passed up equal chances on two hundred ot her

i nventions, any one of which could have produced a fortune.
And for contrast, he can recall occasions in recent decades
when it was necessary to nake nodest | oans to the great
Tesla to permit himto nmeet the need for current personal
necessities. But Scherff refuses to permt any close
guestions or discussion about these incidents.

THI RTEEN
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VWHEN his World Wrel ess System project crashed, Tesla
turned again to a project to which he had given

consi derabl e thought at the tinme he was devel oping his

pol yphase alternating-current system that of devel oping a
rotary engi ne which would be as far in advance of existing
steam engi nes as his alternating-current system was ahead
of the direct-current system and which could be used for
driving his dynanos.

Al'l of the steamengines in use in powerhouses at that tinme
were of the reciprocating type; essentially the sane as

t hose devel oped by Newconer and Watt, but larger in size,
better in construction and nore effcient in operation.

Tesla's engine was of a different type--a turbine in which
jets of steaminjected between a series of disks produced
rotary notion at high velocity in the cylinder on which

t hese di sks were nounted. The steam entered at the outer
edge of the disks, pursued a spiral path of a dozen or nore
convolutions, and left the engine near the central shaft.

When Tesla informed a friend in 1902 that he was working on
an engine project, he declared he woul d produce an engi ne
so small, sinple and powerful that it would be a

"power house in a hat." The first nodel, which he nmade about
1906, fulfilled this promse. It was small enough to fit
into the done of a derby hat, nmeasured a little nore than
six inches in its largest dinension, and developed thirty
hor sepower. The power- produci ng performance of this little
engi ne vastly exceeded that of every known kind of prine
nmover in use at that tinme. The engine weighed a little |ess
than ten pounds. Its output was therefore three horsepower
per pound. The rotor wei ghed only a pound and a half, and
its light weight and high power yield gave Tesla a sl ogan
whi ch he used on his letterheads and envel opes--"Twenty

hor sepower per pound.”

There was not hi ng new, of course, in the basic idea of
obtaining circular notion directly froma stream of noving
fluid. Wndm|lls and water wheels, devices as old as

hi story, perfornmed this feat. Hero, the Al exandrian witer,
about 200 bc, described, but he did not invent, the first
turbine. It consisted of a hollow sphere of netal nounted
on an axle, with two tubes sticking out of the sphere at a
tangent to its surface. When water was placed in the sphere
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and the device was suspended in a fire, the reaction of the
steam com ng out of the tubes caused the device to rotate.

Tesl a's ingenious and original devel opnent of the turbine

i dea probably had its origin in that anmusing and
unsuccessful experinment he nade when, as a boy, he tried to
build a vacuum notor and observed its wooden cylinder turn
slightly by the drag of the air | eaking into the vacuum
chanber. Later, too, when as a youth he fled to the
mountains to escape mlitary service and played wth the

i dea of transporting mail across the ocean through an
underwat er tube, through which a hollow sphere was to be
carried by a rapidly noving stream of water, he had

di scovered that the friction of the water on the walls of
the tube nade the idea inpracticable. The friction would

sl ow down the velocity of the streamof water so that
excessi ve anounts of power would be required to nove the
wat er at a desired speed and pressure. Conversely, if the
wat er noved at this speed, the friction caused it to try to
drag the enclosing tube along with it.

It was this friction which Tesla now utilized in his
turbine. Ajet of steamrushing at high velocity between
disks with a very small distance separating them was sl owed
down by the friction--but the disks, being capable of
rotation, noved with increasing velocity until it was

al nost equal to that of the steam In addition to the
friction factor, there exists a peculiar attraction between
gases and netal surfaces; and this nmade it possible for the
noving steamto grip the nmetal of the disks nore
effectively and drag them around at high velocities. The
first nodel which Tesla nmade in 1906 had twel ve disks five
inches in dianmeter. It was operated by conpressed air,

i nstead of steam and attained a speed of 20,000
revolutions per mnute. It was Tesla's intention eventually
to use oil as fuel, burning it in a nozzle and taking
advant age of the tremendous increase in volunme, in the
change froma liquid to burned highly expanded gases, to
turn the rotor. This would elimnate the use of boilers for
generating steam and give the direct process proportiona

i ncreased effciency.

Had Tesl a proceeded with the devel opnent of his turbine in
1889 when he returned fromthe Westinghouse plant, his
turbi ne m ght perhaps have been the one eventually

devel oped to replace the slow, big, |unbering reciprocating
engi nes then in use. The fifteen years, however, which he
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devoted to the devel opnent of currents of high potenti al
and hi gh frequency, had entailed a del ay which gave
opportunity for devel opers of other turbine ideas to
advance their work to a stage which now was effective in
putting Tesla in the status of a very late starter. In the
meanti me, turbines had been devel oped which were virtually
windmlls in a box. They consisted of rotors with snal
buckets or vanes around the circunference which were struck
by the incomng steamjet. They | acked the sinplicity of
the Tesla turbine; but by the tinme Tesla introduced his
type, the others were well entrenched in the devel opnent
st age.

Tesla's first tiny notor was built in 1906 by Julius C
Czito, who operated at Astoria, Long Island, a nachine shop
for making inventor's nodels. He also built the subsequent
1911 and 1925 nodel s of the turbine, and many ot her devices
on which Tesla worked up to 1929. M. Czito's father had
been a nenber of Tesla's staff in the Houston Street

| aboratories, from 1892 to 1899, and at Col orado Spri ngs.

M. Czito's description of the first nodel is as follows:

The rotor consisted of a stack of very thin disks six
inches in dianeter, nade of German silver. The disks were
one thirty-second of an inch thick and were separated by
spacers of the sane netal and sane thickness but of nuch
snmal | er dianeter which were cut in the formof a cross with
a circular center section. The extended arnms served as ribs
to brace the disks.

There were eight disks and the edgew se face of the stack
was only one-half inch across. They were nounted on the
center of a shaft about six inches |long. The shaft was
nearly an inch in dianeter in the md section and was
tapered in steps to less than half an inch at the ends. The
rotor was set in a casing nade in four parts bolted

t oget her.

The circul ar chanber where the rotor turned was accurately
machi ned to allow a clearance of one sixty-fourth of an

i nch between the casing and the face of the rotor. M.
Tesl a desired an al nost touching fit between the rotor face
and the casing when the latter was turning. The |arge

cl earance was necessary because the rotor attained
tremendously hi gh speeds, averaging 35,000 revol utions per
mnute. At this speed the centrifugal force generated by
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the turning novenment was so great it appreciably stretched
the nmetal in the rotating disks. Their dianeter when
turning at top speed 