NIKOLA TESLA
FATHER of ALTERNATING CURRENT

by Brian Roberts, CIBSE Heritage Group

Nikola Tesla, 1856-1943

Nicola Tesla was born in Smiljan, Lika, a borderland region of Austro-Hungary (modern
day Croatia). His “father was an eloquent clergyman in the Greek Church. His mother
was a woman of inherited ingenuity, and delighted not only in skilful work.....but in the
construction of ....machinery required in a rural community.”

After attending state schools he continued in higher education, graduating in 1873 and
devoted himself to experimentation, especially in electricity and magnetism before
entering the Polytechnic at Gratz hoping to become a Professor of mathematics and
physics.
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Nikola Tesla in traditional costume Tesla in 1879 at age twenty-three



George Westinghouse, 1846-1914

Tesla gained experience in electrical engineering before emigrating to the United States
in 1884 and working for Thomas Edison in New York City. Edison refused to accept
new ideas and, probably because of his poor understanding of mathematics, could not
fully comprehend the workings of the alternating current system. It appears that after
Tesla was not given a promised bonus he resigned, which turned out to be a big mistake
on Edison’s part.

George Westinghouse, who made his fortune by inventing the railway air brake, saw the
possibilities in alternating current systems and bought up Tesla’s and various European
patents and went into competition with Edison who waged a vitriolic campaign against
AC. The battle ended in defeat for Edison since DC systems could only supply customers
up to a mile from the power station while high voltage AC could be transmitted several
hundred miles.
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The Westinghouse Alternating Current Switchboard at the Chicago Fair



Westinghouse display at the 1893 World’s Fair featuring the Tesla Polyphase System



Tesla in 1885 at age twenty-nine



Tesla Motor (British Museum)

_| TESLA'S AC MOTOR I

ELAOTEY MAANTTIO NOTHE
Fataxbed Mar 1. 10

Tesla's most famous invention, the AC
metor, has been called a technological
advance equivalent to the wheel The
anakogy is justified by the immense
impact the two discoveries had on
subsequent technological development.
Unlike the wheel, however, the most
Important moving part of Tesla’s AC
mator was something invisible and
[nsubstantial: a magnetic field.

All slectrical motors, AC and DC,
pperate on the same basic principle: a
magnetized part that lums (rotor) aligns
itaall with ancther magnetized part that

doesn't turn (stator). Usually both parts
are electromagnets, so that their north
and south poles can be reversed simply
by changing the direction of current
runming through them. if pole changes
are properly timed, the rotor chases
around trying to bring itself into
alignment wilth successive stator poles
but never catching up. The rotor's own
momentum keeps it in the chase,
seaking each ‘next” pole; otherwise it
rmight just twitch back and forth ag
nearby poles reversed. :

Motors befere Tesla operated on
direct current, and their limitations in
commerce and industry had already
become froublesome. Because the
supply current travels in one direction
only, it must be mechanically switched
to run first one way and then the
other through a motors pole
prajections—in DC motors devices
called *commutators® do this.

In Tesia's AC motors, by contrast, the
field's peles are always in play, moving
in steady, invisible arcs around the
stator faces. Mechanical contacts, too,
can be done away with by using
induction io build and reverse the rotor
fields. And AC devices operate, of
course, without need of converling
their source of power.

Tesla didn't merely make AC
theoretically feasible, he created a
completely operational technology. He
patented over a score of designs:
motors o avercome high resistance on
starting, to run with variable loads, at
constant speeds or at variable speeds—
arything that might reasonably be
asked of elecirical engineering. This
motor and related AC technology
lavnched modem eleclrical industry
and, essenpally, the tweniieth-century
way of life.
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Tesla’s AC Motor (from Cheney & Uth)




Tesla’s demonstration test bench with his Egg of Columbia which stood on end when the table
on which it sat was magnetically excited by AC



Niagara generator under construction at Westinghouse in Pittsburgh, 1894



The first three Niagara Falls generators went on line on 16™ November, 1896
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The Edward Dean Adams Power Station at Niagara Falls with ten 5000 horsepower
Tesla-Westinghouse AC generators

Niagara Falls Power Station which transmitted AC at 22 kV to Buffalo some 22 miles away
and later to New York a distance of over 300 miles



A large Tesla Motor
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The end of the “Battle of the Currents” (AC versus DC)
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Resistance is immalerial. Simply
plug appliances into the receplacles

provided.

S e ],

Another view of a large Tesla AC motor




The Tesla Turbine or “Turbo Pump”

-made lightning

Tesla experimenting with a million volts of man
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The Tesla Electric Light and Manufacturing Company Stock Certificate




I TESLA’S EXPERIMENTS WITH ALTERNATING HIGH VOLTAGE CURRENTS

While in Europe alternating currents with
frequencies not exceeding 100 per second
were still being studied cagerly for practical
applicationa, reports were received from
America in 1891 that most surprising experi-
ments were being carried out there with
alternating currents of 15,000 cyveles, The
initiator of these studies was a Hungarian
emploved with the Westinghouse Company—
Nicola Tesla. With remarkable talent he has
conducted experiments and rescarch ina
hitherto almost umexplored field: that of
alternuting currents of extremely high voltage
and frequency. He gave an aceount of his
work before the Ameriean Institution of
Electrical Engincers in New York in a lecture
which has since become famous. It made an
indelible impression upon the audienes, both
on aceount of the brilliant experiments and
the completely new vistas it has opened, His
work places Tesla among the greatest of sur
nl‘n's(‘.l'lt-:tuy scpentists and inventors such as
Edizon, Graham Bell and Thomson.

When the news of Tesla’s cxperiments
reached Europe, he was approached by the
maost prominent scientifie ciroles in Britain
and France who invited him to cepeat his

experiments in those countries. These lectures
were attended by large and enthuosiastic
audicnees which  included men of preat
satherity in the fields of the theoretical and
applied seiences, After three hours of leetur-
ing to an enthralled and fascinated audicnce,
Tesla was compelled to admit that he had
discussed only part of his research work.

Tesla uses twao dilferent types of equipment
for gl‘!rmﬂl.lihg his :lllv,‘!rnllﬁ:lg f;igltarrmpu:i:u;:l\'
currents. One is n dynamo with 384 wire coils
and an equal number of ficld magnets rotat-
ing at 50 revolutions per minute, thus pro-
ducing an alternating current of 50 x 384—
10,200 eveles per second. Tesln also wses n
special type of transformer. Its primary coil
has only a few windings and is connected in
series with o s-s|u|.;|-c-g;||.|:, o condenser and the
seeondary  winding of a HuhmkorT-type
induetion-coil, With the seeond n;:n:r|11'|:|;i||||tiun,
tensions of half @ million volls and seores of
thousands of eycles per second can be gener-
ated, producing most impreessive discharge
p||1'1'||:sl'||!:n;,4 in the o mir nnd in r_}]:m’{ biphes
filled with rarcficd air.

In the air, these currents engender elec-
trical fireworks of unprecedented splendour

‘Tesla stood there like the archangel, brandishing the faning sword!” [1883]

which assume the weirdest shapes. forming
luminons fans and '||i1|||:|_‘-< of oossamer-lcks
texture. Amazingly cnough, these ultra-high
valtages are in no way dangerous, thanks to
their high frequeney. In Berlin, Tesla placed
him=elf between two of his assistants wha
were almost 15 feet apart. each of them
tonched one pole of the high-voltige trans-
former, and when Tesly reaehed out to them
with his two arms, wavy bundles of violet-
coloured electrie fire shot forth from his
fingertips, spreading out to one assistant’s
hand and to the other’s forehesud. This to the
great dismay of some of the spectators, until
they noticed that the experiment was harm-
less and painless!

One of Tesla's most striking experiments
wis his demonstration with the 3-foot-long
Geissler tubes. For that purpose, two metal
bors, 10 feet i length, attached to the Soor
and eciling, were eonnected to the poles of his
high=voltoge transformer, When Tesli mosved
two Gelssler tubes into the field between the
twa bars, thl"_\' Beeame lumineus over ther
entire length without heing connected either
to the metal bars or to the transformer. In
the words of one reporter: “Tesla stood thers

Extract from the French magazine La Nature of 1894




Tesia's *World System” was an
astonishingly accurate prediclion of the
electronic world we live in today, but in
1906 it could scarcely be believed. His
promotional brochure stated that the
system would possess the following
features:

(1} The intereonnection of the existing
lelegraph exchanges or offices all over
the world,

(2} The establishment of a secret and
noninferterable government telegraph
Service;

(:3) The interconnection of all the
present telephone exchanges or
offices on the globe;

(4) The universal distribution of general
news, by tetegraph or telephone, in
connection with the press;

(5} The establishment of intelligence
Iransmission for exclusive private use;
(6) The interconnection and operation
of all stock tickers of the world;

{7} The establishment of a "Warld
System” ol musical distribution, etc,;
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Promosional illustration for Tesda'’s

“Werld System™

(8) The universal regisiration of time by
cheap clocks indicating the haur with
astronomical precision and requiring no
attention whalever:

(9) The world transmission of typed ar
handwritien characters, letlers, checks,
ete;

{10} The establishment of a universal
manne senice anabling the navigators
of all ships 1o steer perfectly without
compass, o determine the exact
Iecation, hour, and speed to prevent
collisions and disasters, atc;

(11) The inauguration of a system of
world printing on land and sea;

(12) The world reproduction of
photographic pictures and all kinds of
drawings or records.

*Besides these | referred to” Tesla
added, *other and incomparably maore
impertant applications of my
discoveries will be disclosed at some
future dale” (Tesla 1919e)

Tesla’s World System (from Cheney & Uth)

TESLA’S LEGACY
This 1s described in the words of his biographer, Robert Lomas, in his book of 1999:

“Everybody knows that Thomas Edison devised electric light, that Guglielmo Marconi
thought up radio and George Westinghouse built the world’s first hydro-electric power
station. Everyone knows the facts, but they are wrong.

One man alone dreamt up these things: Nikola Tesla, a Serbian-American scientist, who
also invented inter alia the fluorescent light, seismology and a worldwide data
communication network which prefigured the internet. He is without doubt this century’s
greatest unsung scientific hero.”
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Montage of Tesla’s inventions (from Cheney & Uth)
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Tesla’s coffin in the Cathedral of St John the Divine, New York City, 12" January 1943



APPENDIX: SOME EARLY TESLA PATENTS

(Ho Madel.) 4 Bheets—8hast 1,

N. TESLA.
ELECTRO MAGNETIC MOTOR. |
No. 381,068, Patented May 1, 1888.

WITNESSES: INVENTOR .
Forecus €. Fonttiy Pt la. Yealo,
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(Ho Model.)

N. TESLA.

2 Bheets—Sheest 1.

REGULATOR FCR ALTERNATE CURRENT MOTORS.

No. 390,820.

Patented Oct. 9, 1888.

WITNESSES:

Fatd, 7 Gy bl

INVENTOR.
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No. 380,414,

2 Bhesafs—8heet 1.
N. TESLA.
DYNAMO ELECTRIC MACHINE.

Patented Oct. 2, 1888.
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(No Model.)

N. TESLA.
METHOD OF OPERATING ELECTRO MAGNETIC MOTORS.
No. 401,620, Patented Apr. 16, 1889.
Feg. X x




(No Model.)

N. TESLA.
METHOD OF ELEOTRICAL POWER TRANSMISSION.
No. 405,859, Patented June 25, 1889,




2 3heets—Sheat L

fHo Model.)
A. SCHMID & N. TESLA.
ARMATURE FOR ELECTRIC MAOHINES.
No. 417,794. Patented Deo. 24, 1889.
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INVENTORS

WITHESSES: ,{;
“5 ﬁ%wwt g« Nikoto ﬁ_,, »
ﬂ’;&;ﬁ Clonrtee A Timy

Aty




{Ko Model,)
N. TESLA.

ALTERNATING CURRENT ELECTRO MAGNETIC MOTOR.
No. 433,700. Patented Aug. b,

1890.
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{Ho Model.) 2 Sheets—Bheet 1,

N. TESLA.
ALTERNATING ELEOTRIC CURRENT GENERATOR.

No. 447,921. Patented Mar. 10, 1891,
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{No Model.)

N. TESLA.
ELECTRIC INCANDESCENT LAMP.

No. 455,069, - ‘Patented June 30, 1891,
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(No Model.)
N. TESLA.
ELECTRICAL TRANSMISBION OF POWER.

No. 511,559. Patented Dec, 26, 1803.
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N. TESLA.
ALTERNATING MOTOR. .

No. 655,190. Patented Feb. 26, 1896.




(Ko Model.) 2 Bheets—S8heet 1.

N. TESLA.
APPARATUS FOR PRODUCING ELECTRIC CURRENTS OF HIGH
FREQUENCY AND POTENTIAL.

No. 668,176 Patented Sept. 22, 1896.
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(2014 reprint)
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1894 Tesla’s Experiments with Alternating High Voltage Currents, p.232, La Nature
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https://en.wikipedia.org/wiki/Nicola-Tesla
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See also www.pbs.org/tesla

A complete listing of Tesla’s US Patents with Drawings is available on the internet
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POSTSCRIPT & FURTHER READING & VIEWING

THE INVENTIONS.,
EARCHES, AND WRITINGS

‘NIKOLA |
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In 1821, Michael Feraday
& demonstratid thet
Y ifacurrent is flowing in

Joseph a wire, placed a5 shown ina 3 Michael
Jomend Henry's eleciro-muagnetic.  permtanent magned, there will be
Henry motar, 1831, Hemry and Faraday  afarce an that wire. The force F Faraday

discovered that a changing magneltic & perpendicular to the directions
W fieid gemerates an eleciraminiive force of bah phe magneric feld
that in furn produces current flow, B and the current efement (4L

A L

% Nikeln Testa pioneered thedeveloprnent  Thowas A bva Edison aid
of ac generators and established  Charles Protens Steinnme
&0 Hz as the standord frequency  examining the demiage done TERSS
irr Armeriea after the Niagare o insletors by “artificial
Falls hydro-gloctric plant was  lightming.* Steinmet arrived in “Ej
Builr, The letterhead above, of  New York in 1890 and worked on
Tewdar 5 Butsiness stavionery cecalls  the theorerical probiems conoeraing He

sowme of bt fmportent inventions.  design of streetcar molors and transformers.

ASHRAE Research 1982- 3

1982 ASHRAE Journal, October




THE MAN WHDO

INVENTED THE
TWENTIETH
CENTURY

Nikola Tesla, Forgotten

Genius of Electricity
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EPILOGUE
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IN THE FIELD OF ALTERNATING
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Nikola Tesla statue at Goat Island, Niagara Falls



Monument at Niagara Falls to Nikola Tesla, standing on top of his AC motor

The SI derived unit the tesla (symbol T) is the standard unit of magnetic flux density.



