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Nikola Tesla is the towering genius who made the
modern world. All the electrical devices around us owe
something to him. Not only did he invent many of the

gadgets we depend on today, he had a vision of the future,
much of which has become reality long after his death.

He is now acknowledged to have beaten Guglielmo
Marconi to the invention of the radio. Indeed, he
spoke of his world system of wireless transmission
the year before Marconi transmitted the first radio
signal across the Atlantic. His Tesla Coil, invented
in 1891, is widely used in radio and television sets,

and he developed electric motors, generators, X-rays,
fluorescent tubes, remote control and radar.
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He was one of the outstanding figures of the 20th
century, arguably more influential than Einstein,
Stravinsky or Picasso. Seventy years after his death,
this book reveals why Nikola Tesla’s legacy to the
world deserves to be more widely acclaimed.
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Despite being incredibly popular during
his time, Nikola Tesla today remains
largely overlocked among the greatest
inventors and scientists of the modern
era. Thomas Edison gets all the glory
for discovering the lightbulb, but it was
his one-time assistant and life-long
arch-nemesis. Tesla, who made the
breakthrough in zlternating-current
technology. Edisen and Tesla carried on
a bitter feud for years, but it was Tesla’s
AC generators that illuminated the
1893 World’s Fair in Chicago; the first
time that an event of such magnitude
had ever take:: place under artificial
light. Today, all homes and electrical
appliances run or- Tesla’s AC current.

Born in Croatia in 1856, Tesla spoke
eight languages and almost single-
handedly developed household
electricity. During his life he patented
more than 700 inventions. He
invented electrical generators, FM
radio, remote cor trol robots, spark
plugs and fluereszent lights. He had

a photographic memory and did
advanced calculus and physics equations
in his head.

Although he was never awarded a Nobel
Prize, three Nobel laureates lauded him
as one of the outstanding intellects of
the world who pzved the way for many
of the technalogical developments of
modern times.
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Journalist and auther Nigel Cawthorne

graduated in physics from University
College, London, England. In the
1970s he worked on Science and
Mechanics magazine in New York

where Nikola Tesla 1ad worked decades

before. He has worked on scientific
titles such as The Universe Explained,
Tomorrow’ Technology, The History of

Awviation, The History of Technology and
The History of Ordnance, and periodiczls

including Electronics Today, Space
Frontiers, Quest and Nature. He has

in Bloomsbury, London, England.
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also written many biographies. He lives
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If you mean the man who really invented, in other
words, originated and discovered — not merely improved
what had already been invented by others, then without
a shade of doubt, Nikola Tesla is the world’s greateslt
inventor, not only at present, but in all history.

Hugo Gernsback, Father of Modern Science Fiction, 1919!
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Nikola Tesla (1856 - 1943) is the towering
genius who made the modern world. All the
electrical devices around us owe something
to him. Not only did he invent many of the
gadgets we depend on today, he had a vision
of the future, much of which has become
reality long after his death. As long ago
as 1900, Tesla wrote of a world system of’
wireless transimission:

The World-System has resulted from a
combmation of several original discoveries
made by the inventor in the course of long
continued rvesearch and experimentation. It
makes possible not only the mstantaneour and
precise wireless ivansmission of any kind of
signals, messages or characters, to all parts
of the world, bur also the iter-connection of
the existing telegraph, telephone, and other
signal stations without any change in their
present equipment. By its means, for instance,
a telephone subscriber beve may call up and
talk to any other subscriber on the globe.

This is surely the mobile phone network
we have over a century later. And in his
autobiography, My Inventions, published
in 1919, he envisaged that in nine months,
without undue expense, he could deliver:

+ Theinterconnection of existing telegraph
exchanges or othices all over the world;

< The establishment of a secret and non-
interferable government telegraph
service;

+ The interconnection of all present
telephone exchanges or offices around
the globe;

+ The universal distribution of general news

by telegraph or telephone, in conjunction
with the press;

%+ The establishment of such a ‘World
System’ of intelligence transmission for
exclusive private use;

» The interconnection and operation of all
stock tickers of the world;

The establishment of a world system of
musical distribution, etc.;

+ The universal registration of time by

cheap clocks indicating the hour with
astronomical precision and requiring no
attention whatever;

+ The world transmission of typed or

handwritten characters, letters, checks, etc,;




R -~

o
R

I The establishment of a universal marine
service enabling the navigators of all
ships to steer perfectly without compass,
to determine the exact location, hour
and speed; to prevent collisions and
disasters, etc.;

wi
g

+ The inauguration of a system of world
printing on land and sea;

¢ The world reproduction of photographic
pictures and all kinds of drawings or
records...

Here we have the internet, GPS and
Satnav. But Tesla was not just a visionary
who delivered theory. He was a practical
man who pioneered alternating current
that made it possible to transmit electricity
over long distances, allowing electrical
! appliances to be powered by remote power
‘ stations, rather than have a power station
| on cvery street corner as the earlier direct
current systern envisaged.

He is now acknowledged to have beaten
| Guglielmo Marconi to the invention of
the radio. Indeed, he spoke of his world
‘ system of wireless transmission the year

before Marconi transmitted the first radio

P

Nikola Tesla examining some of
his induction motors, 1893.

INTRODUGTION

signal across the Atlantic. His Tesla Coil,

A “rnnan

invented in 1891, is widely used in radio
and television sets, and other electronic
equipment. He developed electric motors,
generators, X-rays, fluorescent tubes,
remote control and radar. However, many
of his inventions are unacknowledged
because he was so busy developing new
ideas to bother patenting them.

Although he was never awarded a Nobel
Prize, three Nobel laureates lauded him
as ‘one of the outstanding intellects of
the world who paved the way for many
of the technological developments of
modern times’.* He appeared on the cover
of Time magazine and the unit of magnetic
induction, a minor planet, a crater on the
moon, an award and an airport are named
after him. He was also played by David
Bowie in the 2006 movie The Prestige.

Otherwise, with his talk of death rays
and communication from other planets, his
image endures as that of the mad scientist.
But he was far from mad. He was one of
the outstanding figures of the 20th century,
arguably more influential than Einstein,
Stravinsky or Picasso, and o years after his
death, he deserves to be better known.

| 4
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In my boyhood 1 suffered from a peculiar affliction
due 10 the appearance of images, often accompanied
by strong flashes of light, which marred the sight
of real objects and interfered with my thought and
action. They were pictures of things and scenes which
[ had really seen, never of those | imagined. When
a word was spoken to me the image of the objeet
it designated would present itself vividly to my
visien and sometimes 1 was quite unable 1o
distinguish whether what I saw was tangible or not.
This caused me great discomfort and anxiety...

Nikola Teslda!

..L\Q ; AN ia & QL

R R O N R T T O L O YA

= | (I v ———— N — a
\c®

— N3

X

A
- -§

o
-
[

B
¥



SRR LA A - BUSTIIe

ﬁﬁ-{, SRe—— & BIRTHOF A VISIONARY i@o — ==
,;;gﬂ = “ e - - ——
| egend has it that Nikola Tesla ELECTRIC PET THEORY
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A& |
- the pioneer who brought
It was the Tesla family’s cat, Macak, that

electric light to nearly every

home on the planet - was born
in a dazzling electrical storm. Sadly, the
meteorological records of the Balkans in
the 19th century are not readily to hand. But
it would have been a fitting debut for the
man who made his own artificicl lightning
with thunder that could be heard 15 miles (24
km) away. In 1894, before a large gathering
of people in Philadelphia, Tesla ran 250,000
volts through his body to demonstrate the
safety of alternating current. An eyewitness
to his experiments said that there was ‘light
flaming at every pore of his skin, from the
tips of his fingers and from the end of every
hair on his head??

On the night of his birth, hearing the
thunder, according to family lore, the fearful
midwife said: ‘t1e’ll be a child of the storm.’
His mother responded: ‘No, of light.”?

Born in the dark of the small Croatian
village of Smiljan at midnight on 1o July
1856, Tesla was ethnically a Serb. His family
had left Serbia, then under the Ottoman
empire, for Catholic Croatia when it became
part of the burgeoning Austrian Empire in
the 1700s. Both his grandfathers had fought
in Napoleon’s Illyrian Army that aimed to
kick out the Iapsburgs and the Ottomans,
and unite the Balkans.*

Tesla’s father, Milutin, was an Orthodox
priest and wanted Nikola to follow in his
footsteps. Milutin was a poet and political
activist who wrote of a united Yugoslavia,
which did not come about until 1929. His
mother Djouka never learned to read, but
could memorize epic Serbian poems and
long passages of the Bible. Tesla attributed
his phenomenal memory to her.®

introduced the 3-year-old Tesla to electricity.
‘As I stroked Macak’s back, I saw a miracle
that made me speechless with amazement,’
he recalled. “Macak’s back was a sheet of light
and my hand produced a shower of sparks
loud enough to be heard all over the house.
The young Tesla asked his father what
had caused the sparks. Milutin replied:
‘Electricity, the same thing you sec through
the trees in a storm.” It led Nikola to think
that nature was a cat and God was stroking it.

That night, as it grew dark, Nikola
noticed that the cat was surrounded by a
halo from the static electricity in its fur.
In 1939, looking back on the experience,
Tesla said: ‘I cannot exaggerate the effect
of this marvellous night on my childish
imagination. Day after day I have asked
myself “what is electricity?” and have found
no answer. 8o years have gone by since that
time and I still ask the same question, unable
to answer it.”

MOTHER OF INVENTION

Tesla inherited his flair for inventing from
his mother who, he said, ‘descended from
one of the oldest families in the country
and a line of inventors. Both her father
and grandfather originated numerous
implements for household, agricultural and
other uses.”” But she stood out even among
this remarkable family. He said:

My mother was an inventor of the first
order and wounld, I believe, have achieved
great things had she not been so vemote from
modern life and its multi-fold opportunities.
She invented and constructed all kinds of
tools and devices and wove the fineit dergns
Srom thread awhich was spun by her. She
even planted the seeds, raised the plants and

separated the fibres herrelf?
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He also inherited his immense appetite for
work from her. ‘She worked indefatigably,
from break of day till late at night,” he
said, ‘and most of the wearing apparel and
furnishings of the home was the product
of her hands. When she was past sixty,
her fingers were still nimble enough to tie
three knots in an eyelash.”® While famous
for her embroidery, she also devised a
mechanical eggbeater.

INFAMOUS FROG CATCHER

In his autobiography My Inventions, Tesla
recalled his first invention. One of his
playmates had a fishing rod and set out
with friends to catch frogs. But Tesla was
left out because he had had a quarrel with
the boy. So he got hold of a picce of soft
iron wire, hammered the end into a point
between two stones, bent it into shape and
attached it to a strong string. Then he cut a
branch to make arod and, armed with some
bait, went to the brook.

However, he found that, while the frogs
would not take his bait, they would bite on
the bare hook. He kept this secret from the
other boys who caught nothing, only telling
the sccret at Christmas, in the gencrous
spirit of the scason.

Next, he made an carly attempt ‘to
harness the energies of nature to the
service of man,”'® he said. He attached a
rotor to a spindle with a disc on the other
end in an attempt to make a primitive
helicopter. To power the device, he
attached four June bugs.

‘These creatures were remarkably
cfficicnt,’ he said, ‘for once they were
started, they had no sense to stop and
continucd whirling for hours and hours, and
the hotter it was, the harder they worked.”"
But then another boy came along and ate
the June bugs alive. After that, Tesla was
never able to touch another insect.
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He took clocks to picces and discovered
how dithcult it was to put them back together
again. He also made himself a wooden sword
and, imagining himself a great Serbian
warrior, he slashed at cornstalks, ruining the
crop and earning himself a spanking from
his mother.

TRAGIC DERTH OF DANE

Tesla possessed a powerful imagination,
at that time, filled with superstition and
religious images. They were almost tangible
and often accompanied by flashes of light
that obscured the real world. He did not
think this peculiar as his elder brother Dane
saw the same things.

The young Nikola was overshadowed
by Dane who, he said, was ‘gifted to an
extraordinary degree’.'? But, when Nikola
was 5, Dane was thrown by the family’s
Arabian horse and died of his injuries.

‘Iwitnessed the tragicscenc and, although
so many years have clapsed since,” he wrote
in 1919, ‘my visual impression of it has lost
nonc of its force.”"

Howecver, there was another version
of this story. In it Dane was said to have
died after falling down the cellar stairs. He
suffered a head injury and in his delirium
accused Nikola of pushing him. Nearly
70 years later he still recalled the night of
Dane’s death:

It war a dismal night with ram falling in
torvents. My brother, ... an intellectual grant,
had died. My mother came to my room, took me
tn her arms and whiipered almost inandibly:
Come and kiss Danzel.” I pressed my mouth
against the ice-cold lips of my brother knowing
only that something dreadful had happened.
My mother put me again to bed and lingering a
little said with teays streaming: ‘God gave me
one at midnight and at midnight he took away
the other one.’
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Following Dane’s death, his parents recalled
his achievements, making Nikola’s seem
dull by comparison. This undermined his
confidence and he ran away, seeking refuge
in an inaccessible mountain chapel that was
only visited once a year, remaining there
‘entombed for a night”.'

The tragedy of Dane’s death never left
him. For the rest of his life he would have
nightmares about it. And after Dane’s death,
Tesla’s waking fantasies became more realand
‘ he began to have out-of-body experiences.

" CHILDHOOD TRAUMAS

There were other traumatic events in Tesla’s
, childhood. After having abath onasummer’s
day, his mother put him outside naked to dry
’l in the sun where he was attacked by a goose
that seized him by the navel with its beak
and almost pulled it inside out. He once fell
‘ headlong into a huge vat of boiling milk,
risked drowning swimming under a raft and
J found himself alinost swept over a waterfall
| created by a nearby dam. As well as being
| lost, frozen and entombed, he claimed to
have had ‘hairbreadth escapes from mad
dogs, hogs, and other wild animals”."®
Even ordinary things held hidden
terrors. He developed a strange aversion
to women’s earrings. The sight of a pearl
would almost give him a fit, though he was
fascinated by crystals. He would not touch
other people’s hair ‘except, perhaps, at the
point of a revolver’. He would get a fever
from looking at a peach and hated having
camphor anywhere in the house. Dropping
little squares of paper into a dish filled with
liquid produced an awful taste in his mouth.
Some of these strange quirks helped
prepare him for the world of science. He
would count his steps as he walked and
calculate the volume of soup plates, cotfee
i cups and pieces of food. Otherwisc he did not
iy enjoy his meals. Every repeated act had to be
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done a number of times that was divisible by
three. If not, he would start over.'®

 UNSETTLING TOWN LIFE

Soon after Dane’s death, Tesla’s father
was promoted and moved to an onion-
domed church in the town of Gospic. There
Nikola started school. His father had a well
stocked library, but flew into a rage when he
discovered Nikola reading at night. Fearing |
the boy’s eyesight would be strained, he hid I
the candles. Undeterred the enterprising
Nikola cast his own and sealed up any cracks
in his room so the light could not be scen
from the outside. Then he read until dawn.

Nikola missed the countryside and found
himself ill-equipped for life in the town.

‘In our new house I was but a prisoner,’
he wrote, ‘watching the strange people I'saw
through my window blinds. My bashfulness
was such that I would rather have faced a
roaring lion than one of the city dudes who
strolled about.”?

Then this shy boy met with an incident
‘the mere thought of which made my blood
curdle like sour milk for years afterwards’.'®
Coming down from the church belfry one
Sunday after ringing the bell, he stepped
on the train of one of the town’s grand
dames which ‘tore oft with a ripping noise
which sounded like a salvo of musketry fired
by raw recruits’. His father was livid and
slapped him on the cheek. This was the only
corporal punishment he ever administered."

DEVELOPING MIND OVERMATTER

Until the age of 8, Tesla admitted that
his character was ‘weak and vacillating’. '
Then he came upon an historical novel

called Abafi - which means ‘Son of Aba’ - by !
Hungarian writer Miklds Jésika. In it, the
young rou¢ Olivér Abadir gradually mends
his ways and becomes a national hero in
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Transylvania’s fight against the onslaught
of the Hungarians, Turks and Austrians.
Following his example, Tesla set about
developing willpower. ‘In a little while I
conquered my weakness and felt a pleasure
I never knew before - that of doing as I
willed,” he said.

Following the incident of the torn train,
Tesla had been ostracized in Gospic. Now
he managed to redeem himself. The town
had recently organized a fire departiment
and was showing off its new fire engine. The
entire populace turned out for the ceremony
and speeches. With the hose at the ready, the
order was given to start pumping, but not a
drop of water came out. While the bigwigs
tried in vain to locate the trouble, Tesla felt
instinctively for the suction hose that ran
down into the river. He found it collapsed.
Plainly there was a blockage, so he waded
into the river and unblocked it. Suddenly he
was the hero of the day and found himself
carried shoulder high.

CALCULUS, COILS AND TURBINES

At 10 years old, Tesla entered the local Real
Gymnasiumn - the equivalent of a British prep
school or an American junior high school. It
had a well-equipped physics department.

‘I was interested in electricity almost from
the beginning of my educational career,’
he said. ‘I read all that I could find on the
subject ... [and] experimented with batteries
and induction coils.”?

He was also keen on waterwheels and
turbines, and experimented designing a
flying machine which, he realized later, could
not work because it depended on perpetual
motion. Then, after secing a picture of
Niagara Falls, he told his Uncle Josif that
one day he would go to America and put a big
wheel under the falls to harness its power.?!

Finishing at the Real Gymnasium at the
age of 14, Tesla fell ill. During his youth he
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claimed that three times he was in such a bad

way that he was ‘given up by physicians’.?
While he was recuperating, the local library
sent all the books it had not catalogued for
Nikola to read and classify. It was then, for
the first time, he caine across the works of
Mark Twain, whomn he would later befriend.

When he recovered, his father sent him
to Karlovac - also known as Karlstadt - to
the Higher Real Gymnasium to prepare
him for the seminary. Nikola’s father was
still determined that his son should follow
him into the priesthood, a prospect which
filled Tesla with dread. At the Higher
Real Gymnasium, he showed early signs
of genius, performing integral calculus in
his head, leading his teachers to think he
was cheating.

Again the Gymnasium at Karlovac had
a good physics department. Tesla became
fascinated by the Crookes radiometer they
had there.? Invented by British scientist
William Crookes, it consisted of four metal
vanes, polished on one side, blackened
on the other, mounted on a vertical pivot
in a glass bulb. The mechanism spun
when bright light fell on it. It was also in
Karlovac, in 1870, he saw, for the first time,
a steam train.

CONTRACTING CHOLERA
AND RECUPERATING

When he had completed his studies at
Karlovac, Tesla got a message from his
father telling him to go into the mountains
with a hunting party. This puzzled him as
his father did not approve of hunting, so he
ignored the message and returned to Gospic
to find it in the grip of a cholera epidemic.
That was why his father wanted him to stay
away. Nikola soon came down with the
disease and was confined to bed for nine
months. When he was at death’s door, his
father tried to encourage him in the hope he
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1 would rally. Nikola seized the opportunity

and said to his father: ‘Perhaps I may get
well if you will let me study engineering.’
His father replied: ‘You will go to the best
technical institution in the world.”® After
that he pulled through.

During his recuperation, he would take
long walks in the forest. Along the way he
conceived a way to send letters and parcels
between continents via tubes under the
occans. Mail would be packed in balls that
would be forced along the pipes by water at
| high pressure. However, he did not take into
account the resistance to the flow of water
and the system would not have worked.

He also thought up a scheme to speed up
i worldwide travel. A stationary ring would
' be erected high above the equator, with the

world turning underneath it. People would
gl travel up onto the ring, then wait for their
; destination to appear below. He conceded
| that it would be impossible to build such
| a ring, but these thought experiments
l prepared his mind for later work. He said:
|
|

1 observed to my delight that I conld visualize
with the greatest facility. | ieeded no models,
drawings or experiments. I could picture them
all as veal in my mind. Thus I have heen led
unconscionily to evolve what I consider a new
method of materializing inventrve coucepts
and ideas, which is radically opposite to the
puvely experimental and 15 151 my opinioi ever
g0 much more expeditious and efficient.®®

As good as his word, Tesla’s father
secured a scholarship for him from
the Grenzlandsverwaltungsbehoerde
- the Military Frontier Administration
Authority - paying 420 gulden a year for
him to attend the Joanneum Polytechnic
in Graz, Austria. When he has finished,
he would then have to serve 8 years in the
Military Authority. Tesla left for college
with a bag covered with the embroidered
designs his mother was famous for. He
treasured that bag for the rest of his life.
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A radiometer, invented by William
Crookes (1832 - 1919).
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 ELECTRICAL SCIENCE IN 1575
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The ancient Greeks discovered that you could
produce static electricity by rubbing amber with
silk. In the 18th century, scientists such as the
American Benjamin Franklin (1706 - 90) and the
Briton Henry Cavendish (1731 — 1810) made a
systematic study of the phenomenon.

In 1791, the Italian Luigi Galvani (1737 - 98)
discovered electricity in animal tissue when he saw
a frog's leg twitch when touched by two different
metals. This led his friend Alessandro Volta (1745 -
1827) to make the first electric battery in 1800.

Danish physicist Hans Christian @rsted (1777
- 1851) discovered the relationship between
electricity and magnetism in 1820 when he saw a
compass needle being deflected when an electric
current was turned on and off. French physicist
André-Marie Ampere (1775 - 1836) developed
this into the science of electrodynamics.

In 1831, British scientist Michael Faraday _-~Z

(1791 - 1867) demonstrated the laws
of electromagnetic induction, ;

S -

producing a current in a coil by moving a magnet
back and forthinside it. Thisled to the development
of both the electric motor and the generator where
coils of wire were mounted in a rotor, or armature,
within a magnetic field.

As the magnetic effect is only apparent when

' the current is turned on and off, an electric motor

has a commutator - that is, a split ring with electrical
contact, or brushes, resting on either side. As the
motor turns, contacts switch, reversing the current
flow in the coil. Similarly, a generator needs a
commutator to prevent the current reversing as the
rotor turns.

An early electric motor of the 19th
* century, driving a mill.
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It has cost me years of thought to arrive at certain

results, by many believed to be unattainable, for

which there are now numerous elaimants, and the
number of these is rapidly increasing ...

Nilvola Tesla!
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rriving at the Polytechnic in
" 1875, Tesla did not study
' engineering initially. Perhaps
in deference to his father, he
studied physics and mathematics with the
aim of becoming a professor like his Uncle
Josif2 The Polytechnic had recently bought
a Gramme dynamo which physics professor
Jacob Poschl used to teach his students
about electric currents. During his lectures,
he connected the dynamo to a battery, so it

would work as a motor.?

While Professor Poschl was making
demonstrations, running the machme as a
miotor, the brushes gave trouble, sparking
badly, and [ observed that 1t might be possible
to operate a motor without these appliancer.
| But he declaved that it conld not he doie aid
did me the honour of delrverrig a lecture on
the rithyect, at the conclusion he remarked,
My Tesla may accomplish great things, but
l he certainly will iwever do this. It would be
equivalent to convertiig a steadily pulling
Sorce, like that of gravity 1nto a rotary effort.
11 15 a perpetial-motion scheme, an mmpossible
idea.’” But ristiict 15 somethring which
transcends kitgwwledge. e hae, undoubted/y,
certain finer fibres that enable us to perceive
triuths when logical deduction, or any othey
| wilful effort of the brain, 1s futile.

Tesla would go on to make a motor that did
without troublesome brushes. It was his first
great invention.

EXPERIMENTING WITH TH[]UEHT

While somewhat intimidated by his
professor’s authority, Tesla was determined
| to prove that he was right and ‘undertook
the task with all the fire and boundless
confidence of youth’*> To take up the
challenge of building a spark-free motor,
Tesla switched to the engineering course.
However, electrical enginecring was in its

—
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infancy and the course in Graz concentrated W
on civil engineering. Consequently, Tesla
rceturned to his thought experiments: [

Lstavted by first prctuering i my mind a divect -

curvent machine, vinning it and follywiig the

chaitging floze of the curvents in the armatire. ‘
Then I wonld imagme an alteriator and
itvestigate the progresses takiiig place i a
similar mawier. Next I wonld visnalize
rvstents comprisiig motors and geievators and
operate them in various wavs. 1'he images [ v
raw weve 19 me pevfectly veal and taitgible® |

Tesla was a diligent student - for the first
year. e worked from 3 am until 11 pm, 7
days a weck, taking no holidays. He passed
his examms way ahcad of his fellow students.
But when he went home with his exemplary
exam certificates his father was furious.
“That almost killed my ambition,” he wrote.

It was only later, after his father had
died, that he discovered letters from his
protessors telling him to take his son away
from the polytechnic, otherwise he would
kill himself with overwork.’

CAROUSING AND GAMBLING

In his second year at college Tesla gave
himself over to carousing and, in his third '
year, he gave up going to lectures altogether.
This led to his scholarship being cancelled.
He tried to get another scholarship from the
publishers of the pro-Serbian newspaper,
Queen Bee, calling himself a ‘technician’ and
saying he could speak Italian, French and
English, as well as Serbian, Croatian and
German.® It was refused and he was thrown
out of school for gambling and, it was said,
‘womanizing’. He disappcared from Graz
without a word and friends feared that he
had drowned in the river.®

In 1848, he re-appeared in Maribor, which
was then in the Austrian province of Styria,
now in Slovenia. He found work there as a
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THE GRAMME DYNAMO

-~

v~

With the rapid development of the telegraph
system in the 1840s and 1850s, what was needed
was direct current (DC) that flowed in only one
direction. This is the type normally produced by
batteries.

Even with a commutator, introduced by Parisian
instrument-maker Hippolyte Pixii (1808 - 35) in
1832, the current delivered by a generator, while
not reversing, was not smooth and corstant like
that from a battery. It builds to a peak then drops
back to zero again. However, Belgian electrical
engineer Zénobe-Théophile Gramme (1826 -
1901) demonstrated his Gramme dynamo at the
French Academy of Sciences in 1871. By increasing

—Q
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the number of coils on the rotor and the number
of sections on the commutator, it could produce a
near constant direct current.

Shown at the International Exhibition in
Vienna, one Gramme dynamo was connected to
another cne which acted as a motor. Until then,
motors had only been powered by expensive
batteries. Gramme's business partner, French
engineer Hippolyte Fontaine (1833 - 1910) had
demonstrated that power could be transmitted
from one place to another without the inefhcient
shafts, belt, chains or ropes used to connect steam
engines 10 machines - with obvious advantages
for industry.

SN
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A Gramme dynamo, invented by Zénobe-
Théophile Gramme (1826 - 1901).
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draftsman in a tool and die shop, though
he seems to have spent much of his time
playing cards for money."® His father, who
did not approve of gambling, found out
where he was and came to beg him to return
to school, this time in Prague."

A few weeks after his father’s visit, Tesla
was arrested as a vagrant and deported back
to Gospic. At his father’s church, he met and
fell in love with a girl called Anna. Strolling
by the river or on long walks back to his
hometown of Smiljan, they discussed the
future. She wanted a family; he wanted to
be an electrical engineer.'? Then his father
fell seriously ill. Fe died soon after, aged 6o,
and was given a funeral fitting for a saint.”?

Tesla continued gambling. One day his
mother came to him and gave him a roll of
notes, saying: “The sooner you lose all we
| possess the better it will be. I know that you
will get over it.”"*

He said: ‘I conquered my passion then
and there and only regretted that it had not
‘. been a hundred times as strong. I not only
vanquished but tore it from my heart so
as not to leave even a trace of desire. Ever
since that time I have been as indifferent to
any form of gambling as to picking tecth.”’®
He reported giving up excessive simoking
' and coftee drinking with similar ease.'® And
he seems to have given up his passion for
Anna too.

THE COMING OF THE TELEPHONE

Tesla then honoured his dead father’s
wishes. Supported by two maternal uncles,
he went to Prague University and signed up
for courses in mathematics, experimental
physics and philosophy. This introduced
him to the Scottish philosopher David
Hume (1711 - 76) and the idea that human
beings were born a blank slate that was
shaped through life by sensory perceptions
| - ideas that would come into play when he

2
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later worked on robotics."’ ‘
The intellectual ferment of Prague
stimulated Tesla and, again, he put his
mind to building a new type of clectric
motor, removing the commutator to
eliminate the sparking. Eventually, the
money from his uncles dried up. Tesla
needed a job and he saw in the newspapers
that one of Thomas Edison’s agents,
Tivadar Puskids, was setting up a telephone
exchange in Budapest, having already built
onc in Paris. Puskds’ idea was to build
telephone exchanges in major European l
cities.'® Until then Alexander Graham Bell
had only thought of installing his invention |
on private lines linking two locations.
However, in Budapest, no work was
forthcoming, so Tesla took a government
job as a draftsman in the Central Telegraph
Ofhice. This bored him and he quit to devote
himself full time to inventing. Coming up
with no practical idea, he had a nervous
breakdown.

A FLASH OF INSPIRATION

Tesla was only rescued from a dcep
depression by his new friend Anthony
Szigeti. One afternoon they were walking
in the City Park rcciting poetry. ‘At that
age,” he said, ‘I knew books by heart, word
for word.”"® As the sun was setting, he began
a passage in German from Gocethe’s Faust.
The quote concludes:

Alas the wings that lifi the mind no ard
Of wings to lift the body can bequeath me*’

Tesla said:

came like a flash of lightiung aid 1n an niitant
the truth war revealed. I drew with a stick "
on the sand the diagram shown six years later [ v
i my address before the American Institute
of Electvical Engineers, and my companion
underitood them perfectly. The images I saw

|
As I uttered these 1uspiving words the idea ‘
|
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were wonderfully sharp and cear and bad the
solidity of metal and stone, so miich 5o that [
told him, ‘See niy motor heve; watch me veverse
it.” 1 canniot begin to describe my emations®

The idea Tesla had come up with was using a
rotating electric field withir the motor.

Although Tesla described Lis “Eurcka!’
moment in his autobiography, he did not
patent the alternating current (AC) motor
until 1903. He did further experiments on
it in :883 and 188, and the idea was still not
fully worked out when he addressed the
AIEE in 1888.

However, Tesla had solved the problem
that Professor Poschl had said was
impossible. He was now convinced he was an
inventor, and he had made the intellectual
breakthrough that would make him rich and
famous.

Tesla may have also found inspiration
| at the works of Ganz and Company in
| Budapest where AC electrical distribution
1 was being developed.” Electricity can be
transmitted down wires with less loss at
higher voltages. With AC elcctricity you can
step up the voltage - and step it down again
- using a transformer. In the Ganz works,
engineers found that a metal ball placed on
top of a transformer would revolve. Later,
Tesla would use this in his Egg of Columbus
demonstrations.

PRASSPCRT TO PARIS

Eventually, Tesla was taken on by Tivadar
Puskids’ brother Ferenc to work on the
new telephone exchange. Tivadar was
then in Paris, helping introcuce Edison’s
incandescent lighting system. When the
telephone exchange in Budapest was
finisked, Ferencsoldittoalocal businessman
| ar.d Tivadar offered Tesla and Szigeti jobs in
the Edison organization in Paris. Tesla was

| immediately struck by the ‘City of Light’.®

I never can forget the deep impression that
magic city produced on my mind. For several
days after my arvival I roamed through the
streets in utter hewilderment at the new
spectacle. The attractions were many and
irvesistible. hut, alas, the income was speit as
roon as vecerved. When My Puskds asked me
how [ wa: getting along ... I [replied ) ‘the last
29 davs of the montl- are the tonghest’*!

Employed at the Edison works in the suburb
of Ivry, Tesla learned a great deal about the
practical business of building generators
and motors. At the time, little of thce basic
science had been done and progress was
made by trial and error. However, Tesla
had the advantage that, unlike the other
engineers, he had studied physics and
mathematics, and could make calculations.

Iis schedule, as usual, was unrelenting.
He would get up in the morning at 5 am and
swim 27 laps of a bathhouse on the Scine.
In the evenings he would play billiards
with his colleagues.”® Even then, he would
explain his idea for an AC motor, again in
the dirt with a stick.

In his spare time, he worked on alter-
native designs for his flying machine and
outlined the specifications for his AC motor
in a notebook. It would need three ditferent
alternating currents delivered to the motor
down six wires at 120° out of phase. This
would produce a rotating magnetic field.
But he could not get any of Edison’s men
interested. The business making money at
the time was delivering electric light rather
than powering motors. The other problem
was that, using six wires, rather than the
three used in Edison’s system, would use
much more copper which was a major factor
in the cost of new equipment at the time.

Only on¢ Edison man, David Cunningham,
saw the potential in Tesla’s motor and suggest -
ed that they set up a stock company. Bur Tesla
was unfamiliar with the American way of
doing business and rothing came of it.*
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THOMAS ALVA EDISON (1847 - 1931)

Born in Ohio, Edison had little schooling. At the age
of 12 he got a job on the railroad where he learned
telegraphy. He went on to develop the duplex
system that sent two messages at once and a printer

that converted electrical signals into letters.

He quit and went into business for himself,
developing the quadruplex system, which sent
four messages at once for Western Union and their
rivals. With the help of his father, he established a
laboratory and machine shop at Menlo Park, New
Jersey, which became the world's first industrial
research facility. There he developed underwater
cable for the telegraph, set about improving the
primitive telephone developed by Alexander
Graham Bell, and inventing the phonograph. This
brought him worldwide fame as the Wizard of
Menlo Park.

He worked on the incandescent light bulb,
though battles over patents ensued. He
also developed electric motors and

et e

generators to power his lighting systems, first on
the steamship Columbia, then on buildings in New
York and London.

A pioneer in motion pictures, he also
developed batteries for submarines and the
Model T Ford. In all, he took out a world record
1,093 patents and remains the most famous
inventor in American history.




ALEXANDER GRAHAM BELL (1847 - 1922)

Edinburgh-oorn Bell first visited the USA in 1871
where he demonstrated his father’s method of
teaching speech to the deaf. The following year
he opened a school for teachers of the method
in Boston.

With young technician Thomas Watson, he cet
to work on developing ways of using electricity to
transmit sound, getting his patent for the telephone
in 1876. Fundreds of patent suits followed.
Nevertheless, the Bell Telephone Company was
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established the following year, successfully fighting
off suits by two subsidiaries of the Western Union

Telegraph Company.

Bell also invented the photophone, which
transmitted sound on a beam of light, and the
Graphophone, that recorded sound on wax
cylinders. He experimented with sonar detection,
huge flying kites and hydrofoils, while continuing to
find ways to aid the deaf.
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He was still suffering from seeing
flashing lights. One night in Paris, he said:
‘I telt the positive sensation that my brain
had canght fire. I was alight, as though a
small sun was located in it and I passed the
whole night applying cold compressions to
my tortured head.””’

However, though painful, these did not
worry him. Throughout his life, he said,
‘these luminous phenomena still manifest
themselves from time to time, as when a new
idea opening up possibilities strikes me...”?®

SECRETS IN STRASBOURG.

Tesla was sent as a trouble-shooter to
lighting stations in France and Germany.
He oversaw the illumination of an opera
house in Paris, a theatre in Bavaria and
cafds in Berlin. After helping develop an
automatic regulator for Edison dynamos,
he was sent to fix the illuminations at the
central railway station in Strasbourg, which,
in the Franco-Prussian War of 180 - 71, had
been taken over by Germany.

There had been a problem there
when the wiring had shorted, blowing
out a section of the wall during a visit of
Kaiser Wilhelm I and a German-speaking
engincer was needed to sort it out. In the
station’s powerhouse, there was a Siemens
AC generator. In their spare time, Tesla
and Szigeti secretly experimented with the
prototype of onc of Tesla’s AC motors.

‘It was the simplest motor I could conceive
of,” said Tesla. ‘It had only one circuit, and
no windings on the armature or the fields. It
was of marvellous simplicity.””

The problem was it did not work. The
initial trouble was that it used a brass ring
that would not magnetize. Steel had to be
added in various positions. Then, said Tesla,
‘I finally had the satisfaction of seeing
rotation cttected by alternating current of’
ditferent phase, and without sliding contacts
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or commutator, as I had conceived a year
before. It was an exquisite pleasure, but
not to compare with the delirium of joy
following the first revelation.” He had
finally proved Professor Poschl wrong.

PRSSAGE TO NEW YORK

Tesla tried unsuccessfully to raise money
to back his invention in Strasbourg. He
returned to Paris expecting a bonus for his
work in Strasbourg which did not materizlize.
He tried to find financial backing there
too, again unsuccessfully. However, he did
catch the eye of Charles Batchelor who
had been head of the Edison organization
in Paris. He was returning to New Yotk to
head the Edison Machine Works there and
asked Tesla to come with him. To smooth
Tesla’s passage into the Edison organization
Batchelor got a letter of introduction from
Tivadar Puskds addressed to Edison, saying:
‘I know two great men and you are onc of
them; the other is this young man.”'

Just before leaving for America,
Tesla spent time with scientists studying
microscopic organisms in drinking water.
Having suffered cholera before, he now
shunned unpurified water, avoided poor
quality restaurants, and scoured the
crockery and cutlery before cating. Later
he wrote: ‘If you would watch only for a
tew minutes the horrible creatures, hairy
and ugly beyond anything you can conceive,
tearing cach other up with the juices
dittusing throughout the water - you would
never again drink a drop of unboiled or
unsterilized water.’

His uncles again paid for the trip. The
journey to New York was not a happy one.
His money and most of his belongings were
stolen, and there was some sort of mutiny
on the ship and Tesla nearly got pushed
overboard. On 6 June 1884, Tesla sailed into
New York on the ity of Richmond just as
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The electricity from a battery, lightning or a Van  when the field is building up or when the fiel

de Graaf generator that produces a static charge  collapses when the current is switched off. With an
is direct currert. It flows in only one direction.  alternating current, the electric current is effectively
Alternating current flows in one direction, then  being switched on and off all the time, inducing an
the other. It cycles through peaks and troughs as it~ alternating current in the secondary conductor.
changes direction. This property is utilized in an induction motor,

Witn a direct current, when a switch is throwna  where a current is induced in secondary coils on
magnetic field builds up arcund the wire, inducing  the rotor, and in a transformer, where the voltage is
a current in any conductor rearby. This only occurs  stepped up and down.
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the first stones of the Statue of Liberty’s politely with the request to divect me. ‘Six
pedestal were being hauled into place. He blocks down, then to the left,” he said, wath
was 28 years old. murder 1 his eves. ‘Is this Amevica?’ I asked
Although he spoke English, Tesla had myself in painful surprise. ‘It is a century
difficulty making himself understood as behind Euvope in civilisation.”

the customs officer recorded that he was
from Sweden. Tesla then recalled the clerk
barking: ‘Kiss the Bible. Twenty cents.” His
first impressions of Ainerica were not good.

He went to work immediately. Passing a
machine shop, he saw a mechanic who had
just given up on trying to fix an electric
machine and otfered to help. In one version

- e ELE 111 RATNW, \v g T e =
e e

Lot of the story, Tesla did this ‘without thought

What I had left wwas beautiful, artictic, and of compensation’; in another, it was one

| Sascinating in every way. What I saw here of the machines he had helped design and

was machined, rough, and unattractive. A he charged $20. In cither case, legend has

I\ burly policeman was twivling bis stick which that he said: ‘I had it running perfectly in

' looked to me as big as a log. I approached bim an hour.”*
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I was thrilled 1o the marrow by meeting Edison
who began my American education right then and
there. I wanted to have my shoes shined, something |
considered helow my dignity. Edison said: “Tesla, you
will shine the shoes yourself and like it.” He impressed
me tremendously. 1 shined my shoes and liked it.
\ikola Tesla!
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esla was soon too busy to

1 dwell on the shortcomings of
the New World. The dynamos
the Edison organization had

installed on the SS Oregon, then the holder of
the Blue Riband for the fastest transatlantic
passenger crossing, had broken down,
delaying her sailing. Tesla immediately
volunteered to make the repairs. He and his
crew worked overnight and the Oregon set
sail the following day for another record-
breaking run.

Returning to Edison’s Manhattan othces
at§ am, Tesla bumped into Charles Batchelor
l and Edison, who were just going home.
According to Tesla, Edison said: ‘}Herc is
our Parisian running around at night.”> They
‘ had met before in Paris and seem to have got
on famously. Edison recalled:

|

‘ Oh, he’s a great talker, and, ray, he’s a great
| eater t00. [ remember the fivst time I saw
| him. We were dorng some experimenting in
‘ a litile place outside Paris, and one day a
/ long, laitky lad came 1n and said he wanted a
[ y0b. We put him to work thinking he would
10031 tive of his new occupation for we were
puLting i twenty to twenty-four houvs a
day then, but he stuck right 10 11 and after
thiitgs eased up one of my men said to hin:
‘Well, Tesla, vou've worked pretty hard, ioe
[’'m going to take yvou into Paris and give you
a splendid supper.” So he took bim to the most
a place wheve they
broil an extra thick steak between two thin

expensive café i Paris

steaks. Tesla stowed away one of those big
Sellozwr awathout any trouble and my man said
1o hrm: Anything else, my hoy? I'm standiing
you a treat.” “Bell, if vou dow’t wiind, siv,” said
my apprentice, ‘Ul try another steak.” Afier
he lefi me he went 11nto other lines and bas
accomplished quite a little?

At their first meeting in New York, Tesla
explained that he had just returned from the
‘ Oregon and had repaired both the dynamos.
| Edison said nothing and walked away. When
y:4
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he was a little distance away, Tesla saw him
turn to Batchelor and say: ‘Batchelor, this is
a damn good man.”*

" EMULATING EDISON

Plainly Tesla had impressed Edison and
began work at the Edison Machine Works
on 8§ Junc 1884, only two days after arriving
in America. Fe worked hard. ‘For nearly a
year, my regular hours were from 10.30 am to
s o’clock the next morning without a day’s
exception,” he said.

Possibly thinking that Tesla came from
Transylvania, Edison asked whether Tesla
had ever tasted human flesh. Tesla was also
appalled at Edison’s ‘utter disregard of
the most elementary rules of hygiene’,®
but enquired what the great man’s diet
consisted of. “You mean to make me so all-
fired smart?” said Edison. Tesla nodded.

Edison replied, perhaps in jest, that he
ate a daily regimen of Welsh Rarebit as ‘it’s
the only breaktast guarantced to renew
one’s mental faculties after the long vigils
of toil’. Tesla began to do the same despite
a protesting stomach. But his admiration
was undiminished.” Tesla wrote in his
autobiography:

[ war amazed at this onderful man who,

without early advantages and screntific traiing

had accomplished so mich. I had studied a dozen

languages, delved m literatire and art, spent my

best years i libravies veading all sovts of stuff
that fell into my hands, from Newton’s
Principia to the novels of Paul de Kock, and
felt that most of my life had been squandered ®

The admiration was mutual. According to
Tesla, Edison told him: ‘I have had many
hard-working assistants, but you take the
cake”

However, Tesla still took the time to enjoy
a good meal - the table d’hote at a restaurant in
Greenwich Village with a bottle of red wine
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PEARL STREET POWER STATION

The first electric lights were arc-lamps tha: gave
off light from electric sparks. But in 1879, Edison
came up with the improved incandescent lamip. Arc
lamps had been connected in series — if one failed,
all of them went out. Edison connected his lamps
in parallel, so each faulty bulb could be replaced
individually. This had created an astcnishing
demand for electric power. Edison built his first DC
power station on Pearl Street in lower Manhattan
in 1882, initially to power 400 lamps owned by
85 customers. It quickly became a monopoly and

A gentleman explains the first Edison Electric Lighting
Station at Pearl Street in lower Manhattan in the 1880s.
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by 1884 it was serving 508 customers with 10,164
lamps. The electricity was carried above ground
on poles with dozens of crooked crossbeams
supporting sagging wires. The exposed electrical
wiring was a constant danger and unsuspecting
children climbing the poles would suffer lethal
electric shocks. In spite of the perils, wealthy New
Yorkers rushed to have their homes wired, the most
important being the banker, J.P. Morgan, whko had
invested heavily in Edison.
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- and play billiards, 2 game he had mastered
as a student. According to Edison’s personal
secretary Alfred O. Tate: ‘He played a
beautiful game. He was not a high scorer but
his cushion shots displayed a skill equal to
that of a professional exponent of this art.”'

AVOIDING THE AC SUBJECT

Tesla sct about redesigning Edison’s
dynamos, replacing their long magnets with
more cfficient short cores, claiming that
they gave thrce times the output for the
same amount of iron. He kept quict about
his AC motor though, perhaps recalling the
inditterence of Edison’s men in Paris. Once,
though, he was tempted to bring up the
subject with Edison himself.

‘It was on Coney Island,” he said, ‘and
just about as I was going to explain it
to him, someonc came and shook hands
with Edison. That evening, when I came
home, I had a fever and my resolve rose up
again not to speak freely about it to other
people.”” Otherwisc Tesla and Edison
got on well enough. Tesla told the tale of
visiting Edison’s othice at 65 Fifth Avenue,
when the great man was playing a game
guessing weights.

‘Edison felt me all over and said: “Tesla
weighs 152 pounds to the ounce” - and he
guessed it exactly,”? Tesla recalled. He
asked how Edison could guess his weight so
accurately and was told: ‘He was employed
for a long time in a Chicago slaughter
house where he weighed thousands of hogs
every day.”"”

Tesla would occasionally dine with Edison,
Batchelor and others of the company’s top
brass in a restaurant across the road from
the showroom at 65 Fifth Avenue where they
would swap stories and tell jokes. Afterwards
they would go to a billiard room where Tesla
would impress them with his bank shots and
his vision of the future.
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ARC LIGHTING

Companics that had grown up making arc
lights were now moving into incandescent
lighting, robbing Edison of valuable
contracts. He struck back by going into
arc lighting which was more suitable for
street lighting or illuminating large spaces.
He filed an arc-lamp patent in June 1384
and left Tesla to work out the details. Tesla
completed the job, but his system was
shelved when Edison made a deal with a
dedicated arc-lighting company and, by
then, larger incandescent bulbs suitable for
lighting larger spaces had been developed.
Tesla felt cheated.

“The manager had promised me
$50,000,” he wrote, ‘but when I demanded
payment, he merely langhed, saying “You
are still a Parisian! When you become
a tully-fledged American, you will
appreciate an American joke.””"!

As it was, Tesla could not even get his
salary of $18 a week increased to a modest
$25. This was a painful shock and he
resigned. Later in life, Tesla re-assessed
his opinion of Edison. When the Wizard of
Menlo Park died in 1931, Tesla said:

11'he had a wneedle to find in a havstack
he would not stop to reason where it was
most [ikely to be, but would proceed at
once with the feverish diligence of a bee, to
examine straw dfter straww unitil be found
the object of his search ... I was almost a
sorry witness of his doings, knowing just
a little theory aud calculatioin would have
saved him winety per cent of the labour ...
Trusting himself entively to his inventor’s
mmstinct and practical American sense ...
the tyuly prodigions amonnt of his actual
accomplishments iv little short of a mivacle.
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INDEBTED TO EDISON

Despite the rift between the two men, Tesla
was indebted to Edison. With Edison’s
former patent attorney Lemuel Serrell,
Tesla began patenting improvements to arc
lights and dynamos.

In Serrell’s othice, Tesla met B.A. Vail and
Robert Lane. They set up the Tesla Electric
Light and Manufacturing Company. Tesla
tried to interest them in his AC motor, but
they were only interested in arc lighting.
Together they set about lighting the streets
and facrories in Rahway, New Jersey, Vail’s
hometown. Mcanwhile Tesla used the
patents he had been granted to buy shares.!

When the electrification of Rahway was
completed, £lectrical Review featured it on
the front page of its 14 August 1886 issue. It
was so successful that Vail and Lane decided
to run the utlity, leaving no role for Tesla.
He was bounced from the company lcaving
him with nothing but ‘a beautifully engraved
certificate of stock of hypothetical value’."
He could not even use his own inventions as
patents had been assigned to the company.
It was the ‘hardest blow I ever received,”® he
said. In the winter of 1886 - 8, he was forced
to dig ditches.

[ lived throrgh a year of tervible heartaches
and bitter tears, my suffering being iitensified
by my matevial wait. My high education in
varions brauches of icience, mechaiicr and
litevature seemed to me like a mockery."

RESCUED BY A PATENT

In 1884, Edison had beenexperimenting with
ways of producing clectricity from burning
coal or gas. It ended when an explosion blew
the laboratory’s windows out. However,
Tesla figured out a simpler - and safer - way
to do it, and in March 1886, he applied for a
patent for his thermo-magnetic motor.
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TESLAS
THERMO-M AGNETIC
MOTOR
b ey

When iron magnets are heated they lose
their magnetic strength. Tesla devised a small
motor with one fixed magnet and a second
moving magnet attached to a flywheel and a
pivot arm that pushed against a spring. At room
temperature, the attraction between the two
magnets was enough to compress the spring
and pull the moving magnet into the flame of a
Bunsen burner. This would heat up the magnet. It
would lose strength. The spring would then push
the magnet back, turning the flywheel. With the
magnet now out of the flame, it cooted down.
Its magnetic strength was restored and the cycle
began all over again.
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Patent application for Tesla’s thertno-
magnetic motor, March 1886.
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While Tesla was digging ditches, he told

his foreman about his inventions. It seems
that the foreman had been digging the
ditches for the underground cables that
connected Western Union’s head othce with
the stock and commodity exchanges, and
knew Alfred S. Brown (1836 - 1906) who was

TESLAS PYROMAGNETIC GENERATOR -
— R o - =TI

Tesla took a large horseshoe magnet. Across its
poles ran a number of hollow iron tubes which
were magnetized and had coils of wire wrapped
around them. Under the centre of the tubes was
a firebox. Above there was a boiler. The coal fire
in the firebox heated the iron tubes until they
reached about 600°C (1,112°F) and glowed a dull

superintendent of Western Union’s New
York Metropolitan District.’

Brown probably knew of Tesla from
the article in Electrical Review and was
impressed by his thermoelectric motor and
his AC inventions.

== —

red. As the tubes heated up, they would lose their
magnetism and the collapsing magnetic field would
induce an electric current in the coils. Then a valve
was opened and steam, at 100°C (212°F), would
circulate through the tubes, cooling them. As the
magnetism in the tubes was restored, electiic
current would again be induced in the coils.?'

N. TESLA.
PYROMAGNETO ELECTRIC GENERATOR.

Patented May 13, 1890.

No. 428,057.

.

Patent application for Tesla's
pyromagnetic generator.
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THE EGG OF COLUMBUS

Eager to exploit Tesla’s ideas, Brown
contacted Charles I. Peck, a wealthy lawyer
from New Jersey. However, Peck knew
of the general prejudice against AC and
refused even to witness some tests.

‘1 was d'scouraged,” Tesla said. But then
he remembered the ‘Egg of Columbus’. The
story goes that Columbus was having dinner
with some Spanish nobles who mocked him.
So he challenged them to stand an egg on
its end. They all tried and failed. Then he
took the egg, tapped it lightly on one end,
cracking the shell and denting it, so it would
stand upright. As a result he was granted an
audieace with Queen Isabella and won her
support for his voyage.

Tesla told Peck that he could go one
better He would make an egg stand on its
end without cracking the shell. It he could
trounce Columbus, Tesla asked, could he
count on Peck’s support? Peck said he had
no crown jewels to pawn, but he would
help.”

After the meceting, Tesla took a hard-
boiled egg to a blacksmith and got him to
cast one in copper. Then he placed four
coils under the top of 2 wooden table to
create a magnetic rotating field. When he
turned on the current, the ¢gg began to
spin. Growing faster, it ceased to wobble
and stood on its end. Peck was impressed.
Not only had Tesla gonc one better than
Columbus, he had demonstrated the
principle of his AC motor.

TESLA ELECTRIC COMPANY

Together Tesla, Brown and Peck formed
the Tesla Electric Company in April
188~. Tesla would get a third share of any
morey generated. Brown and Peck would
split another third, and a third would be
reinvested. Tesla also received a salary of

$250 a month, while Brown and Peck would
cover the cost of the patents. The following
month, Szigeti came to New York to work
as Tesla’s assistant.

They set up a laboratory at 89 Liberty
Street above a printing company. During
the day the printing shop used a steam
engine to power its presses. At night it
provided power for Tesla’s experiments.?

First Tesla developed his thermomagnetic
motor into the pyromagnetic generator,
using the same principles. Tesla believed this
was a great invention, but it did not work
very well and his patent application was
denied. Nevertheless, Peck encouraged him
to continue inventing and his mind turned
back to the AC motor he built in Strasbourg.

This time, instead of a single coil, he used
four coils wound around a laminated ring.
Two separate AC currents werc fed to the
pairs of coils on opposite sides. If these two
currents were 9o out of phase - that is, when
one was at its maximun positive value, the
other was at its maximum negative value - a
rotating clectrical field was produced. To
Tesla’s delight, the rotor - initially a shoe
polish tin balanced on a pin - began to spin.*

From this prototype, Tesla and Szigeti
produced two full-scale motors. They were,
Tesla said, ‘exactly as I had imagined them.
I made no attempt to improve the design,
but mercly reproduce the pictures as they
appeared to my vision and the operation was
as I expected.”®

Patents were applied for and issued on
1 May 1888. The motors were then tested
for their cfficiency by Professor William
Anthony (1835 - 1908) of Cornell University
and, on 15 May, Tesla delivered his ground-
breaking paper 4 New Alternating Current
Mororto the American Institute of Electrical
Engineers (AIEE).
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Nikola Tesla in 1885, aged 29.
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There were many days when [I] did not know where
my nex!t meal was coming from. But I was never afraid
to work, I went where some men were digging a diteh

. |and| said I wanted 10 work. The boss looked at
my good clothes and white hands and laughed to the
others ... but he said, ‘All right. Spit on your hands.
Get in the diteh.” And I worked harder than anybody.

At the end of the day I had $2.

Nikola Tesla'
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¢ ower stations had sprung up
across America and Europe to
provide electric light at night. In
the 1880s the owners saw electric
motors as a way to sell power to factories
and streetcar lines during the day. However,
most of the power stations produced DC
and Brown and Peck were a little dubious of
Tesla’s fixation with AC.

Other inventors had used AC to power
arc lights. This was particularly popular
in Europe where experimenters found
they could raise or lower the voltage of
an alternating current using primitive
transformers. Engineers at the Ganz
Company found that, at a high voltage,
clectricity could be distributed over long
distances using thin copper wires. Then, to
make it safe to use in the home, it would be
;| stepped down using a transformer.

WESTINGHOUSE AND AC

In 1884, George Westinghouse became
interested in clectric lighting and hired
the inventor William Stanley Jr (1858 - 1916),
who had invented an incandescent lamp
and a self-regulating dynamo. At first,
| Westinghouse thought of developing a DC
system, but abandoned it as the market was
already overcrowded.

For a DC system to be profitable,
numerous small power stations had to be
I situated near to the homes and factories

they served. Westinghouse saw that an AC
system could provide power to towns and
. citics where the population was spread out,
reaching a market that DC systems could
not serve. There would also be considerable
economies of scale by using an AC system
where the voltage could be stepped up and
distributed over a wider arca, serving more
customers. The disadvantage was that no one
had yet developed a meter to measure how
much each individual consumer used, nor
%
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had a serviceable AC motor been developed
to provide power for factories and streetcars.
Besides, Edison had dismissed AC as ‘not ,
worth the attention of practical men’?
In 1885, Westinghouse imported
a transformer made by Lucien Gaulard
and John Gibbs in London which Stanley
began experimenting with. By the time |
Tesla presented his paper to the AIEE f
in May 1888, Westinghouse had already
sold more AC power stations than all the [
other companies providing DC power
put together. In response, Edison began
warning that AC power was dangerous.

TESLA DEMONSTRATES AC

In his paper to the AIEE, Tesla sought to
demonstrate the superiority of AC once and
for all. He told the audience gathered in the
lecture hall at Columbia University:

The subgect which I now have the pleasure
of bringing to your notice is a novel system of
electric distribution and transmussion of power
by means of alternate currvents, affording
pectdiar advantages, particularly it the way
of motors, awhich I am confident will at once
establish the superior adaptability of these
curveills to the transmission of power and will f
show that many vesulls heretofore unattainable

can be reached by their wse; resultr which are
very much desived in the practical operation of
such systems and which cannot be accomplished
by means of continnous curvents ... }

I our dvitamo machines, it is well knowin,
we genevate alteynate curvents which we divect
by means of a commutator, a complicated device
and, it may he justly said, the source of most of f
the troubles experienced in the operation of the 1
machines. Now, the curvents so directed caniot
be utilized 1n the motoy, hut they must — again
by means of a similar unveliable device — he
reconverted into their original state of alteynate
curvents. The function of the commutator is




The transformer uses the same principles of
electromagnetic induction employed in electric
motors and generators. Two coils of wire are
wound around a single iron core. When an
electrical current is passed through one of them,
it magnetizes the iron core. This, in turn, induces
an electric current in the other one. The voltage
is stepped up or stepped down according to the
ratio of the number of turns of wire in each coils.
However, induction only works when the electrical
current is being switched on and off again, so an
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alternating current rather than a direct current
must be used.

The transformer is a vital component of any
power distribution system as transmission losses
are much smaller when the voltage is higher - as
less current is needed to convey the same amount
of energy. So electricity generated at a power
station is stepped up in voltage using a transformer
before it reaches the transmission lines. Then, at its
destination, it is stepped down for use in the home
or factory.

Westinghouse AC generator. The world’s first single-phase AC power
transmission system. Built in 1895, by Nikola Tesla and George Westinghouse
at Ames Hydroelectric Plant, Telluride, Colorado |photo ¢. x900).
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entively external, and in no way does 1t affect
the internal working of the machines. In reality,
therefore, all machines are alternate curvent
machines, the curvents appearing as continnons
only in the external civcuit during their transit
Jrom generator to motoy.’

1 After the lecture, Tesla demonstrated that
' his AC motor could be instantly reversed.
He provided precise calculations on how
the speed and power of the motor could be
determined, and he showed how his system
could be married up to DC apparatus.
Professor Anthony said that, in his test,
he had found Tesla’s motors §o - 6o per cent
more cthcient than DC models. Then arc-
lighting pioneer Elihu Thomson (1853 - 1937)
stepped forward to say that he had already
developed an AC motor. However, his still
‘l used a commutator and was consequently
inefficient. Tesla pointed this out and earned
I himself a life-long enemy, while he himself
l was catapulted to fame.

SELLING THE AC MOTOR PATENTS

Brown and Peck now invited bids on
Tesla’s patents. Westinghouse expressed an
interest, only to be told that a Californian
r syndicate had offered $200,000 plus $2.50
per horsepower for each motor installed.
The terms were monstrous, but without
the patents it would be impossible for
Westinghouse to develop a motor of his own.
| “The price seems rather high, but if it is
the only method for operating a motor by
alternating current, and if it is applicable to
a streetcar work,” Westinghouse wrote, ‘we
can unquestionably easily get from the users
of the apparatus whatever tax is put upon it
by the inventors.”
On 7 July 1888, Westinghouse agreed to
| pay $25,000 in cash, $50,000 in notes and
a royalty of $2.50 per horsepower for each
1 motor. Westinghouse also gnaranteed that
| the royalties would be at least $5,000 in
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the first year, $10,000 in the second year
and $15,000 a year from then on. Brown
and Peck were also reimbursed the money
they had paid out on the development of
the motors. Over 10 years Tesla, Brown and
Peck stood to make $200,000 and $315,000
over the 17-year lifetime of the patents?

As Brown and Peck had necgotiated this
shrewd deal, as well as bearing the financial
risk of developing the motors, Tesla gave
them five-ninths of the deal, keeping four-
ninths for himself.®

MOVING TO PITTSBURGH

Later that month, Tesla took the train to
Pittsburgh to put his motors into production
at Westinghouse’s factory, where he met the
great man himself. Later Tesla paid tribute to
George Westinghouse, saying on his death:

The fivst impressions are those to which
we cling most in later life. I like to think
of George Westinghouse as he appeared to
me in 1888, when I sanw him for the fivst
time. The tremendons potential energy of the
man had only in pavt taken kinetic form,

but even to a superficial observer the latent
force was manifest. A powerful frame, well
proportioned, with every joint in working
order, an eye as clear as a crystal, a quick and
springy step — he presented a vare example of
health and strength. Like a lion in a fovest, he
breathed deep and with delight the smoky air
of his factovies. Though past o then, be still
had the enthusiasm of youth. Always smiling,

affable and polite, he stood in marked contrart

to the rough and veady men I met. Not one
word which wonld have been objectionable,

not a gesture which inight have offended — one
conld imagine him as moving in the atmosphere
of a court, so perfect was his bearing in manner
and speech. And yet 1o fiercer adversary than

Westinghouse conld have been found when he
was aroused. An athlete in ordinary life, he
awas trangformed into a grant when confronted
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GEORGE WESTINGHOUSE (1846 — 1914)

George Westinghouse was a descendent of the
aristocratic Russian von Wistinghousen family.
His father was also an inventor with six patents
for farming machinery to his name. In his father's
machine shop in Schenectady, New York, the
young Westinghouse experimented with batteries
and Leyden jars — glass jars coated with metal foil,
used for storing electrical charge. At 15, he made
his first irvention, a rotary steam engine. After
serving in both the US Army and Navy during
the Amer can Civil War, he attended the nezrby
Union Callege, but soon dropped out. In 1865,
he patented his rotary engine, and a device for
putting derailed freight cars back on the tracks.
Soon afte-, he designed a reversible cast-steel frog
which prclonged the life of railroad track switches.
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Having been involved in a near collision on
the railway, he put his mind to improving the
braking system which, until then, had depended
on a brakeman on every carriage. His first system,
using steam, proved impractical. But then in 1869
he came up with air-brakes that soon became
standard in the US and Europe.

He then worked on signalling, devising an
electrical system. With the aid of Tesla,
Westinghouse entered the 'War of the Currents),
championing AC against Edison’s DC system. By
1889, the Westinghouse Electric Corporation was a
global company, employing over 500,000 people.
However, in the financial panic of 1907, he lost
control of the companies and retired altogether in
1911.
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wiath difficulties which seemed insurmountable.
He enjoyed the struggle and never lost
confidence. When others would grve up in
despair he triumphed. Had he been traniferred
to anothey planet with everything against him
he would have worked out his salvation. Hir
equipment was such as to make him easily
a position of captain among captains, leader
among leaders. Hir war a wondeyful caveer
Solled with vemarkable achievements. He gave
to the world a number of valuable inventions
and improvements, created new industries,
advanced the mechanical and electrical arts
and improved 1n maiy ways the conditions
of modern life. He was a great pioneer aid
builder whose work awas of fav-reaching effect
on hir time and whose name will live long in
the memory of men.”
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DYING IN THE NAME OF SCIENCE
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TESLA'S TASK

Founded in 1886, the Westinghouse Electric
Company made $800,000 in 1887 and over
$3 million in 1888, despite expensive legal
battles with Edison. Even so, Tesla took no
salary while he worked there. He did this on
principle, he said. Since he devoted himself
to scientific research, he would never accept
fees or compensations for his professional
services. However, after a year, he was given
a 150 shares of capital stock and he was given
$10,000 when he discovered that Bessemer
steel made a better transformer core than
soft iron.

In New York, he had lived in a garden
apartment. In Pittsburgh, he got his first
taste of living in grand hotels
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Under the headline: ‘'Died for Science’s Sake — A
Dog Killed With The Electric Current!, The New York
Times of 31 July 1888 reported on one of Harold
P. Brown's demonstrations. In Professor Chandler's
lecture room at Columbia’s School of Mines, Brown
told an invited audience that he represented no
company and no financial or commercial interest.
He also maintained that he had proved by repeated
experiments that a living creature could stand
shocks from a continuous current much better than
from an alternating current. He had applied 1,410
volts of DC to a dog without fatal results, but had

repeatedly killed dogs with 500 to 800 volts of

alternating current.

Brown then brought out a Newfoundland mix
weighing 76 pounds (34 kg). The dog was muzzled
and tied down inside a wire cage. The newspaper
reported:

Mr Brown announced that he would first try
the continuous current at a force of 300 volts
[DC]. When the shock came the dog yelped
and then subsided. A relay has been attached
to the apparatus, which shut off the current
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almost as soon as it was applied. When the
dog got 400 volts he struggled considerably,
still yelping. At 700 volts he broke his muzzle
and nearly freed himself. He was tied again. At
1,100 volts his body contorted with the pain
of the brutal experiment. His resistance to the
current then dropped from 15,000 to about
2,500 ohms.

‘He will be less trouble,’ said Mr Brown,
‘when we try the alternating current. As these
gentlemen say, we shall make him feel better. It
was proposed the dog be put out of his misery
at once. This was done with an alternating
current of 330 volts killing the beast?

When Brown brought out another dog, an agent
from the American Society for the Prevention of
Cruelty to Animals stepped in. Meanwhile, the
assembled electricians said that the dog had been
weakened by the DC current before the AC was
applied. But Brown insisted that the only places AC
should be used were 'the dog pound, the slaughter
house and the State prison’?
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Tesla’s task in Pittsburgh was to adapt
his motors, which ran best at so or 6o cycles
per second, to the 133 cycles per second
used by the Gaulard-Gibbs transformer
at the 120 power stations Westinghouse
had alrcady set up. They used this higher
frequency to prevent the lights flickering.
Since Westinghouse’s chief electrician,
Oliver B. Shallenberger (1860 - 98), had
adapted an electrical meter to run at this
frequency, it was reasonable to belicve that
Tesla’s motors could be adapted too. Tesla
also had the problem of adapting his motors
to run on the two-wire system used by
Westinghouse pow