
The Man Who Invented AC

- - Iesla, the greatest pioneer of them all!

Nikolo Tesla (1856- 1943), the inventor whose discoveries completely changed the cadence of
human progress, spent his entire life under the influence of on irresistible impulse for crossing
frontiers and delving into the unknown.
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A young immigrant from
Yugoslavia st irred the

world of elect rical engineer­
ing when, in 1888, he pre­
sented a paper, " A New
System of Alternate Current
Motors and Transformers,"
before th e Ameri can Inst it ute
of Ele ctri cal Engineers
(N.Y.) . His discovery of the
rotating magnetic field and its
application to the generation,
transmission and utilization
of polyphase alternating cur­
rents for power and light
brought electrif icat ion to the
world . Every high-tension
tower and transmission line
bisecting the world 's co untry­
sides are lasting monuments
to Nikola Testa's genius. Not
widely remembered, however,
are his cont ri butions to the
establishment of earl y radio
communicat ions and broad­
cast ing.

In 1889 , the inventor
co mmenced a series of
investiga t io ns in to t he
properties of high-frequency
alterna t ing currents. Exce pt
for his earlier work in low
fre q uency ac an d a n
occasio nal ve n ture into
i ncidental fiel ds,
high-freque ncy researches
were to remain the dominant
objective of his inventive
career. Originally. it was his



The Magnify ing Transformer, the heart of Testa's high voltage experiment for producing an
immense resonant act ion. The cascading d ischarges shown here measure 22 feet and rep resent a
potential of 12 million votts. (The Century Magazine, June 1900)

ambition to ut ilize these
currents in developin g a more
effi cient system of lighting.
Sho rtly thereafter, Testa
ina ugura te d ex periments
which were to place him on a
trail leading to communica­
t ions, a goal whi ch eventua ll y
evolve d into an obsession.

Although it is not clear
what force motivated Tesla in
this direction, his intense
interest in radio was probably
ini tiated as a result of
Heinrich Her tz 's experimental
work. Finding inspiration in
Ja mes Cler k Maxwell's
electromagnetic wave theory,
Hertz was able to transmit,
receive and measure radio
waves. It is without question
that Maxwell's mathematical
trea ti se, " Electricity and
Ma g n e ti sm, " i ni ti a lly
announced in 1864, and
Hertz 's " El ec tromagnetic
Waves in Air and Thei r
Reflections," publi shed in
I888, fo rmed the genesis of
radio engineering.

Although Testa was among
the earliest who foresaw the
application of electromag­
netic waves in point-to-point
comm u n ica tio ns, he
continuously contested the
concept of rad io transmission
by Her t zia n waves. He
att ributed communications
between ground sta tions to
earth conduction. Late r,
when challenged to expla in
transmissio ns between ground
stations an d airplanes, the
inve nto r respo n de d,
"c apacitor action." Tesla
rarely wavered in thi s debate
and it is probab le that his
pe rs is te n t in fl e xi b ilit y
retarded, if not prevented ,
proper recogn ition fo r his
contributions.

By 1890 , he h a d
con structed a lterna tors
c a p a b le o f producing
undam ped waves at 30 kHz.
Some twenty years later, the
r a d io indu s t r y, t hen
begi n ni ng it s embryonic
stage, found undamped waves
highly desirable. As a result,
the high-freq uency alternator
became a so phisticated piece
o f equipment, holdi ng a

position of great significance
in radio transmissions until
the advent of the high-power
triode in 1922. As a striki ng
example of its import, it was
po s ses s i on of the
Alexand erson alter nator
patents wh ich gave RCA a
nearly insuperable advantage
in early global communica­
ti on s . Thu s , T e s l a ts
co nce ption of employing
continuous waves, and his
de sig n of apparatus for
producing them, preceded the
radio industry by at least two
decades.

Tesl a again aroused the
attention of the scientific
world in 1891 when he
presented the fi rst of a series
of historic lectures revealing
discoveries from experiments
with rad io frequencles.tl )
Among t hese was t he
disclosure of a new kind of
transformer. Better known as
a "Testa" coil, this device
rep r es ent e d t he fi rs t
appl ication of the oscillation
t ran sfor me r. The Tesla

tran sfo rmer pro vided a
remark able advan cement in
that it in voked the principle
of in ductively coupled tuned
circuits. Conseque ntly , in his
in i t i a l a p p roa c h to
c ommun icati on s, Te sla
stu mb led u pon another
important face t, the principle
of tun ing. Time has not
dimmed its importance.

One gains an ins ight into
the inventor's experimental
wisdom and prophetic vision
t h ro ug h re ference to a
sensitive emission withi n his
vacuum tubes. In the lecture
of 1892, given before the
Inst itu ti on o f Electrical
Engineers in London, Testa
states, " I thin k that it may
find practical applications in
(wi reless) telegraphy. With
such a brush, it would be
possible to send di spatches
across the Atl antic with any
speed ... "(2) The advanced
s t ate of o u r pre sent
technology may bli nd us
from sensing the impact of
the inventor 's declaration. At

t he time, several leading
figures of the scientific world
conceded the impossibility of
tr aver sing t he Atlantic's
prohibiting span with an
electromagnetic wave. To
Testa, the Earth 's magnitude
was of li ttle consequence.
" ... I would say a few words
on a subject wh ich constantly
fi lls my thoughts and wh ich
concerns the welfare of all. I
mean the transmission of
intelli gible sign als or perhaps
even power to any distance
without the use of wires . . .
we need not be fr igh tened by
the idea of distance. To the
weary wanderer counti ng the
mileposts, the Earth may
appear very large ; but to the
happiest of all men, the
astronomer, wh o gazes at the
heaven s, and by their
s ta nda r d jud ges th e
magnitude of our globe, it
appears very small .. and so
I think it must seem to the
electrician ... it certai nly is
possible .. _ to produce some
elec trical di st u rb ance
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A 5 million 110ft Tes/a coil developed for nuclear physics research in 1929 by G. Breit, M.A.
Tuve, and O. Dahl. The multi-sectioned vacuum tube at the upper right was used to accelerate
atomic particles. (Photo courtesy of T. Brown, Dept . of Terrestrial Magnetism, Carnegie
Institution of Washington)

sufficiently powerful to be
perce pt ible by su itab le
instruments at any point of
the Earth 's surface." (3)

In his fi nal lecture o f the
" trio -se ries," Testa suggested
a s ys te m of r adi o
co mmunic ations employ ing
sy nch ronized ae ri al-ground
clements at the t ransmitti ng
and receiving stat ions.(4) In
view of this disclosure, it
would seem that he was the
fi rst to conceive the idea of
using transmitti ng a nd
receiving antennas tuned to
the same frequency .
Therefore, by 1893, some
four years before
co ntemporaries had made
equally sig nificant
contributio ns to the art , it
appeared that Testa possessed
both the technology and
ambition as well as t he
VISionary po wers necessary
for b r i n gin g rad i o
c o m m u nic a t io ns to i t s
fru ition. What imped iment
barred him from achievi ng
the honor?

On March 13, 1895, Tesla
experienced a serious setback.
The en tire contents of an
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inventive ca reer, as well as
record s, documents and a
worl d 's fair exhibit were lost
when a fire dest royed his
New York City experimental
s ta tion. Undoubtedl y, the
tragedy barred Tcsla from
establ ishing priority in seve ral
fiel ds. His position in the
wor ld of science w as
evaluated by an article in the
New York Sun. " T he
destruc tion of Nikola Testa's
workshop with its wonderful
contents is something more
than a private calamity . It is a
misfortune to the whole
world. It is not in any degree
an exaggeration to say that
the men livi ng at this time
who are more important to
the human race than this
you ng gentleman can be
cou nted on the fi nge rs o f one
hand - perhaps on the thumb
of one hand ."(5)

Tesla o pe ned a new
laborato ry. By 1897, he had
carried o ut invest iga ti ons in
the fiel d of x-ray , stud ies of
the dy namics of mechanic al
vibrations, the inven tio n of
electromechanical isosvnchro­
no us alt e r na tln g-c ur rer n

generators as we ll as e xper­
iments with radio-controlled
devices. One of his importa nt
cont ributions of this period
was a high-freque ncy patent
containing the fu ndamental
principles upon which the
" four-tuned-circuit system"
of radio tra nsmission was to
be fou nded.(6) Professor
Adolph Slaby, Germany's
leading aut hority in ear ly
com m un ica t io ns, demon­
strated an enthusiastic appre­
ciation for Testa's work. In
declaring Testa as the " Father
of Wireless," he wrote, " I
have been engaged for so me
time in invest igations in
t el egraphy without wires,
w h ich yo u ha ve fi rst
anno unced in such a clear and
precise manner in yo ur
' invent ions.' It will interest
yo u as the father of t hi s
telegraphy .. ." (7 )

Rest ric ted by the lim its of
h is New Yor k laborato ry,
Te sla left for Colorado
Springs in 1899 to initi ate
experiments on a large scale.
Co mmunic ations was to be
but one phase of his project.

Another was the tran smission
of electricity withou t the use
of power lines. He was of the
conviction that resonant
effects of huge magnitude
would enab le him to utilize
t he Earth as a conductor.
"Not only was it practica ble
to send telegraphic messages
to any distance without
wires," stated Tesla, "... but
also to impress upon the
e nt ire globe th e fa int
modulations of the human
voice; far more still , to

transmit power in unlimi ted
amo unts to any te rrest rial
distance and almost without
1055."(8)

There , in the shadows of
Pike's Peak, he constructed a
large barn-like laboratory.
Extend ing through the roof
was a 200-foot mast topped
by a 3-foot copper ball.
With in th e m yste ri ou s
construct ion was an array of
apparatus reminiscen t of a
Jules Verne fantasy . It was
Testa's intention to employ
the equipment in an attempt
to alter the elec trical charge
of the Earth.

The concrete achievements
of the Colo rado adventure
remain obscu re. Except for a
lectu re, some scattered notes,
and a few ambigu ous art icles,
he never fully disclosed the
outcome of the experiment.
He announced the discovery
of standing waves induced in
the Earth's static charge by
nature 's lightn ing and was
able to duplic ate them by
bringing about an immense
resonant ac tion. In an
experiment which has not
since been equaled, Testa
produ c ed th e longest
point -to-p oint man-made
lightning discharges (135
feet) w ith a n absolu te
poten tial of 18 million volts
a nd antenna currents of
1,100 Amperes. This, and his
ab ili ty t o o p e r a te
Earth-connected motors and
electric lamps at a distance of
eighteen miles from the
source of energy, must be
recorded as remarkable feats
of engineering.



An external view of Testa's mysterious exoertmentat tabora­
tory at Colorado Springs, Erected in 1899, the inventor
undertook experiments to alter the electrical charge of the
Earth. He produced discharges that rivaled nature's lightning
bolts and revealed the presence of standing waves in the Earth.
(The Electrica l World and Engineer, March 5,1904)

Tesla demonstrated the
vision of a true prophe t when
he suggested th e emp loy ment
of standing waves as a means
for detect ing the position and
movement of d istant objec ts.
" ... By their use . .. we may
de ter m ine the r el ative
positio n o r course of a
moving object suc h as a vessel
at sea ... "(9 ) It wasn't unt il
just before World War II that
radar, as fo retold b y Testa,
became a working reali ty,

Upon his return to New
York in 1900, Testa began
con struction of a transmitting
plant o n Lo n g Is land.
Residents o f early Shoreham
can recall the giganti c tower
si tua ted on a tract of land
known as Wardencly ffe. The
sta tion was to be but one of a
series of comp onents mak ing
up Tesla's " World System" of
broadcast ing. In addition to

•

the distribution of news,
mu sic and humanity services
p r ov ided b y t oday's
communications media, the
inventor promised a number
of startling benefits. It was to
establish a universal system of
teleph one, telegraph and
s toc k ticker services; a
precis ion clock sy stem
wh ereby all the world 's
timepieces would be
accurately synchronized fro m
a master station; a safe
syste m of navigation enabli ng
control of direc t ion without
compasses and an ability to
determine exac t location,
ho ur and speed at a momen t 's
no tice . Also, it was to prov ide
a world syste m of private
co m m u n ic a t io ns allowing
p er sonal telephone
connections between parties,
regardless of distance , with a
device small enough to be
carried in one's pocket.

•

---

The Long Islan d plant was
never completed. The cost of
the projec t exceeded the
inventor's available funds.
The greater part of Testa's
endeavors were financed by
private sources. Joh n Jacob
Astor, J. P. Morgan and
Thomas Fortune Ryan can be
cited as the most influential
of T es la ' s creditors. In
addi tion, a demonst ration of
the feasibility of the " World
Sys tem" pri ncip le was
hampe red by the comp lexity
of a recurr ing illness. Th e
tower remained intact for
man y years. Shro uded in an
atmosphere of mystery, it
proved to be but a land mark
in evidence of the bo ld
dreamer who had passed that
way. T he late John J. O'Neill ,
New York Herald· Tribune
Science Editor, provided a
description of its demise in
his biography Prodigal
Genius, The Life o f Nikola
Tesla. ..... Heavy charges of
dynamite were necessary in
order to topp le it , and even
the n it remained in tact on the
ground like a fallen Martian
out of Wells' War of the
Worlds."

In an objective which no
o t he r per son had then
dreamed possible, Testa had
visu alized , and nearl y created,
broadcast ing some twen ty
years p r e c e d i n g it s
eve n tuali ty. "Of course,"
slated Ed win H. Armstrong,
radio pioneer and inventor of
FM, "the instru mentalities
for practici ng broadcasting
were not then in existence .
Tesla was classed as a
visionary and his prophecy
was forgotten. What harsher
terms might, with justice, be
applied to many of us who
he lpe d p roduce the
instru mentali t ies wit h which
broadcasting was eventually
accompl is hed! We ap plied
t he m to p oi n t-t o-poin t
co m m u ni ca t io ns, fai ling
completely to realize the
sig ni f ic ance of T e s la' s
words, "(1 0 )

1n addition to the major
goals men tioned herein, Tesla

made an infinite variety of
contribution s to
com munications that remain
generally unknown. The most
striking example is a patent
describing an invention for
controlling moving objects by
radio waves.(11) With this
invention , Testa singularly
ushered in the age of
radio-guid ance systems. "We
shall be able . . . to send a
pro jectile at a much greater
distance; it will no t be limited
in any way, weight or amou nt
of explosive charge; we shall
be able to submerge it at
command, to arrest it in its
flight and call it bac k, and to
send it out again and explode
it at will; and more than th is,
it will never make a miss
... " ( 1 2) Spectacu lar
de monstrations of his
radio-controlled device were
presented in a . week-long
display at Madison Square
Garden (N.Y.) and again,
later, in Chicago. But to
Testa, this was just the
beginning. In a gesture true of
his u n limited imaginative
powers, he proposed
r adio -controll e d robots
capab le of thinking for
themselves. He coined them
automatons. " ... It will be
able to foll ow a co urse laid
ou t or to obey orders given
far in advance; it will be
capab le o f dist inguish ing
between what it ought and
what it ought not to do
.. ." (1 3) Testa's utterances
raised more than the eyebrow
of the sc ientific world.
Resulting protest s surpassed
the discontent of indignat ion.
The significance of Testa's
words, however, becomes
more apparent when we
consider rodav's vast industry
of self-t hinki ng machines as
well as the huge arsenal of
radio-guid ance missiles poised
at their stations througho ut
the wo rld. These devices are
able to perform exactly as
Testa had pred icted .

A mo ng his incidental
con tributions to rad io
com mun ica tions was the
Testa "ticker," a device for
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An early Tesla coil, the only invention of his many contribu­
tions which still bears his nome. Tesla used devices such as
these to carry out researches with high frequency alternating
current. His discoveries hastened the development of ac
induction heating, diathermy, neon and fluorescent lighting,
x-ray equipment and techniques, and radio guidance systems,
as well as television and radio communications. (Electrical
Experimenter, July 19/ 9, by permission of Hugo Gernsback)

making continuous waves
audible. T his apparatus was a
vital part of the Paulsen Arc
sta tions until the heterodyne
b e a t - n o te system was
i ntroduced to radio
engineering. Several forms of
Test a's h igh-frequency spark
apparatus were uti lized by
early transmitting stations for
many years. His radio patents
advanced the quarter-wave
principle as well as antennas
in the form of a loop. And it
was Testa who pointed out
the importance of oil as an
insulating medium in
high-voltage equipment and
who suggested the use of
insulated stranded wire, later
called Litzendraht, in
high-frequency circuits.

Taking into consideration
all that has been ment ioned
in the foregoi ng, why the n is
the name of Nlkola Tesla not
listed amo ng the journa ls of
rad io enginee ring histor y?
Seve ral ex p lanations are
possible. For o ne, Tesla was a
com plex persona lity. " He was
a st range figure in the rough­
and-tumb le field of pioneer
wir el e ss and electri city,"
wrote o ne who met Tes!a.
" Many co nsidered him a plain
snob. Some called him a nut
while others referred to him
as the 'genius' and were
always making exc uses for his
act ions _.."(14) Hampered
by a grand-gesture persona lity
and driven by an extraordi­
nary ingenuity, his talents re­
mained eternally subservie nt
to a passionate and ine xora­
ble urge for sti rring deep wa­
ters. Consequent ly, his men­
tal capacities continually out­
race d his physical ability for
bringing original ideas to a
real existence. His pattern
appears to have been to
discover, and then move
onwards leaving for others
the benefits of its commercial
application. And in his ex­
perimental processes, he was
forever being diverted from
the path of his major goa ls (as
is evident by the variety of
h is inventive accomplish­
men ts) delaying, if not

preve nt ing, final achieve ment
of his original dest inations.

T he re shou ld be li ttle
d o u bt co ncer n ing t he
inventor 's fac u lt ies for
establishing a commu mca­
tions system. Its reality,
however, proved to be too
great a task, both physically
and economically, for the
efforts of an individual. Had
he been associated with talent
similar to the likes of a David
Sarnoff, that energetic
personality who brought the
"music box" (radio) into
every home and who led t he
Radio Corporat ion of
America to communications
history, his objective might
have been assured.

Fritz Lo we ns tein , an
assistant in his high-voltage
experi men t, and who later
pro d uced some excellent
work in radio com mu nica­
tions, if given a chance, might
have served Tesla to great
advantage. Lee De Forest, an
inven tor whose cont ributio ns
arc well established in t he
glorious history of radio,
pleaded to be taken in as a
T e sla assista nt. Without
detracting from their brilliant
work, it is known th at the
man y successes of men such
as E diso n and Marconi
resul ted fro m their ability to
a ttract the assista nce of
hi gh ly capable associa tes.
Tesla, however, was unab le
by temperament to avail
himself of this advantage.
Essent ially, he was a " loner"
who stood aloof and out of
reac h of those wi th whom he
mingled.

On Dece mber 12, 1901,
while Testa was constructing
his 300,000 Watt Lo ng Isl and
broadcasti ng station,
Guglielmo Marconi, with but
a fraction of that power,
scooped the scientific world
by sending three dots from
Pold hu, England, to Saint
John's, Newfoundland. The
scientific society hailed
Marconi. Even Tesla sent a
congratulatory note but it
was quite evident that he had

been struc k a blow by
Marcon i's fea t. A crushing
defeat to Test a's bid for radio
immorta lity came about in
1915 when h e b attled
M a r c on i over the
f u ndamental issues upon
which early radio had become
established. The courts ruled
against Tesla, a judgment
which was to influence
succeeding litigation as well
as to provide Marconi the
means with which to institute
unmitigated assertions for the
invention of radio.

In his book, Marconi,
Orrin E. Dunlap, Jr., provides
an interesting comment. "At
the turn of the century it was
remarked that it was difficult
to invent anything basically
new in radio, and still more
difficult to invent anything
which did not have some

beari ng on or had not been
preceded by an invention of
NikoJa Testa. In 1891, at
Columbia University, Tesla
de monstrated the pri ncip le of
tuning. He obtained patents
on tuned circuits and claimed
more than 100 tuning
inve ntions. Nevertheless, it is
called Marconi wireless; not
Tesla wireless."

Be all that as it may,
Testa's part in the evolution
of communications was not
to be denied completely. In
the October sessions of 1942
and 1943, the Supreme Court
declared the Marconi
"four-tuned-circuit" patent,
his most vital contribution,
invalid because of prior
disclosure by Testa, Stone
and Lodge.( 15)

In summation, we find in
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many through his public
Iec tures, would seem to
justify a place in the history
of radio engineering not so
very far below that due to his
accomplishments in the fie ld
of low-frequency alternating
currents." (17) •
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