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Introduction to Tesla's Science of Energy

Thomas Valone, Ph.D., P.E.

It is a great privilege to present this amazing collection of seminal articles, some of which
have never been published before, on Nikola Tesla's science of energy. As I'm finishing my
Ph.D. thesis on utilizing zero point energy, | realized that Tesla probably acknowledged the
same energy reservoir when he referred to harnessing "the very wheelwork of nature."* The
visionary scientists who have contributed to this anthology offer a collective argument of what
Tesla meant by that phrase. Tesla also recognized that an atmospheric and a terrestrial storage
battery exists here on earth, just waiting to be tapped for the good of mankind. Therefore, this
is the wheelwork of nature that we want to explore in this book.

The first section of this anthology offers some historical Niagara Falls material and
biographical information about the life of Nikola Tesla with the contributions of William
Terbo, the grand-nephew of Tesla, Keith Tutt, author of The Scientist, the Madman, the Thief
& Their Light Bulb, and Dr. Andrija Puharich, whose unpublished biographical manuscript is
rich with personal insights. Puharich, a Yugoslavian, also develops with great care, the
background and unexpected uses for Tesla's Magnifying Transmitter (TMT). The second
section is devoted to Tesla's wireless transmission of electrical power, as distinguished from
wireless telegraphy for which he is also famous. It is surprisingly practical, even today, as the
brilliant minds in this book prove. Tesla was at least a century ahead of his time, however, so
people stole his ideas, left him penniless, and ignored his saintly concern for the human race. |
pray that as global community consciousness expands in the 21% century, Tesla's ideas about
sharing energy with the whole world will be more understood and appreciated. The third and
last section has miscellaneous articles about a few of Tesla's less well-known inventions,
including the two-rotor belted homopolar generator and an ozone generator.

Today we are faced with the consequences of the fateful decision in 1905 by J. P. Morgan
to abandon Tesla's Wardenclyffe Tower project on Long Island, once he learned that it would
be designed mainly for wireless transmission of electrical power, rather than telegraphy. He is
reported to have complained that he would not be able to collect money from the customer in
any feasible way. This mercenary attitude by the world's richest man forced the nation to pay
for thousands of miles of transmission line wires, just so an electrical utility meter could be
placed on everyone's house. Today the U.S. Energy Association in Washington, DC trains
representatives from the former Russian states how to reliably do the same in their countries.

No one, except for the few great physicists like Drs. Rauscher, Corum, Bass, and Van
Voorhies found in this book, has realized that Tesla was very practical when he proposed the
resonant generation and wireless transmission of useful electrical power, after returning from
his experiments at Colorado Springs in 1900. For example, Professor Rauscher shows that the
earth's magnetosphere contains sufficient potential energy (at least 3 billion kilowatts) so that
the resonant excitation of the earth-ionosphere cavity can reasonably be expected to increase
the amplitude of natural "Schumann" frequencies, facilitating the capture of useful electrical
power. Tesla knew that the earth could be treated as one big spherical conductor and the
ionosphere as another bigger spherical conductor, so that together they have parallel plates
and thus, comprise a "spherical capacitor." Dr. Rauscher calculates the capacitance to be
about 15,000 microfarads for the complete earth-ionosphere cavity capacitor. W.O. Schumann

it is a mere question of time when men will succeed in attaching their machinery to the very
wheelwork of nature.” -Tesla addressing the Amer. Inst. of Elec. Eng., 1891



is credited for predicting the "self-oscillations"” of the conducting sphere of the earth,
surrounded by an an layer and an ionosphere in 1952, without knowing that Tesla had found
the earth s fundamental frequency fifty years earlier.?

In comparison to the 3 billion kW available from the earth system, it is possible to calculate
what the U.S. consumed in electricity. In 2000, about 11 Quads (quadrillion Btu) were
actually used by consumers for electrical needs, which is equal to 3.2 trillion kWh. Dividing
by the 8760 hours in a year, we find that only 360 million kW are needed on site to power our
entire country. This would still leave 2.6 billion kW for the rest of the world! The really
shameful U.S. scandal, unknown to the general public, is that out of the total electrical power
generated using wire transmission (about 31 Quads), a full 2/3 is totally wasted in “conversion
losses."® (See the Electricity Flow Chart 1999, which contains US DOE/EIA data, updating
the Toby Grotz article in this book.) No other energy production system of any kind in the
world has so much wastefulness. Instead of trying to build 2 power plants per week (at 300
MW each) for the next 20 years (only to have a total of additional 6 trillion kWh available by
2020), as some U.S. government officials want to do, we simply need to eliminate the 7
trillion kWh of conversion losses in our present electricity generation modality. Tesla's
wireless transmission of power accomplishes this goal, better than any distributed generation.

As Tesla himself said,

"In the near future we shall see a great many uses of electricity... we shall be able to
disperse fogs by electric force and powerful and penetrative rays...wireless plants will be
installed for the purpose of illuminating the oceans...picture transmission by ordinary
telegraphic methods will soon be achieved... another valuable novelty will be a typewriter
electrically operated by the human voice... we shall have smoke annihilators, dust absorbers,

2\W.0. Schumann, Z. Naturforsch, 72, p. 149-154 and250-252,1952, (in German)
® “National Energy Security Post 9/11" U.S. Energy Association, June, 2002, p. 34
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sterilizers of water, aid, food and clothing... it will become next to impossible to contract
disease germ and country folk will go to town to rest and get well..."

If we use fuel to get our power, we are living on our capital and exhausting it rapidly.
This method is barbarous and wantonly wasteful and will have to be stopped in the interest
of coming generations. The inevitable conclusion is that water power is by far our most
valuable resource. On this humanity must build its hopes for the future. With its full
development and a perfect system of wireless transmission of the energy to any distance, man
will be able to solve all the problems of material existence. Distance, which is the chief
impediment to human progress, will be completely annihilated in thought, word, and action.
Humanity will be united, wars will be made impossible, and peace will reign supreme."*

The same article which contains this prophetic quotation from Tesla also notes that his

"World System™ was conceptually based on three inventions of his:
1 The Tesla Transformer (Tesla coil)
2. The Magnifying Transmitter (transformer adapted to excite the earth)
3. The Wireless System (economic transmission of electrical energy without wires)

* Nikola Tesla, 1900, as quoted in "Great Scientist, Forgotten Genius, Nikola Tesla" by Chris Bird
and Oliver Nichelson, New Age, #21, Feb. 1977, p. 42
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Tesla states, "The first World System power plant can be put in operation in nine months.
With this power plant it will be practicable to attain electrical activities up to 10 million
horsepower (7.5 billion watts), and it is designed to serve for as many technical achievements
as are possible without due expense.” (Note that Tesla's calculated power levels are
conservatively estimated, compared to Rauscher's calculations.)

The essay by Toby Grotz on the wireless transmission of power is a great introduction to
this wireless power system of Tesla. It contains all of the details for a preliminary test of the
system. His Figure 5 also illustrates the transmission of a high voltage pulse of electricity
equally around the world where it rebounds at the opposite side and returns to its source,
repeating the cycle many times. Grotz also worked with Dr. Corum on "Project TESLA,"
which was a business venture designed to implement the wireless transmission of electricity.

Dr. Corum notes in his introductory article on the ELF (extremely low frequency) oscillator
of Tesla's that the tuned circuit of Tesla's magnifying transmitter was the whole earth-
ionosphere cavity. His second article presents probably the most complete article on Tesla's
magnifying transmitter that has ever been written. He explains in great detail the meaning of
magnification as Tesla intended, with examples and equations. Even if not an engineer, |
believe the reader will still appreciate the enthusiastic style with which the Corums describe

Tesla's developments regarding the TMT.

® |bid.,p.74
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There are two diagrams produced at the turn of the century to help explain in simple terms
Tesla's wireless transmission of electrical power. The first is a mechanical "Analogy" that is
described in Corum'’s ELF disclosure article. The second is the "Realization” which illustrates
the usefulness of the power transmission concept.

Credit: Metascience Foundation
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Tesla wrote, "That electrical energy can be economically transmitted without wires to any
terrestrial distance, 1 have unmistakably established in numerous observations, experiments
and measurements, qualitative and quantitative. These have demonstrated that it is practicable
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to distribute power from a central plant in unlimited amounts, with a loss not exceeding a
small fraction of one per cent in the transmission, even to the greatest distance, twelve
thousand miles - to the opposite end of the globe."®

® Nikola Tesla, "The Transmission of Electrical Energy Without Wires as a Means for Furthering
Peace," Electrical World and Engineer. Jan. 7,1905, p. 21
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up before discharging it as a pulse of electrical energy, a "longitudinal™ acoustic-type of
compression -wave, rather than an electromagnetic Hertzian-type of transverse wave.

It is also understood that Tesla planned to include stationary resonant wave creation as part
of the wireless transmission of power. Examining the pair of 1900 patents #645,576 and
#649,621 each using the same figure on the first page, we find in the first patent that Tesla has

designed a quarter-wave antenna (50 miles of secondary coil wire for a 200 mile long
wavelength). More importantly is the sphere on the top which is supposed to be a conductive
surface on a balloon raised high enough to be radiating in "rarefied air." As Tesla states,

"That communication without wires to any point of the globe is practical with such
apparatus would need no demonstration, but through a discovery which | made | obtained

"Nikola Tesla, "World System of Wireless Transmission of Energy," Telegraph and Telephone
Age,Oct. 16,1927, p. 457.

16



absolute certainty. Popularly explained it is exactly this: When we raise the voice and hear an
echo in reply, we know that the sound of the voice must have reached a distant wall, or
boundary, and must have been reflected from the same. Exactly as the sound, so an electrical
wave is reflected, and the same evidence which is afforded by an echo is offered by an
electrical phenomena known as a 'stationary’ wave - that is, a wave with fixed nodal and
ventral regions. Instead of sending sound vibrations toward a distant wall, 1 have sent
electrical vibrations toward the remote boundaries of the earth, and instead of the wall, the
earth has replied. In place of an echo, | have obtained a stationary electrical wave, a wave
reflected from afar."®

It is also worth calling attention to Corum's disclosure article on the operation of an ELF
oscillator, he proposes that Tesla's x-ray patents were designed for the switching of high
voltages in the charging and discharging of the dome of the Wardenclyffe tower (patent
#1,119,732). Dr. Bass' article elaborates on the details of longitudinal waves that would be
created by such discharges. They have superior properties of transmission which normal radio
and television waves today do not possess. Nikola Tesla was very familiar with their benefits.

® Nikola Tesla, "The Problem of Increasing Human Energy," Century, June, 1900
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Tesla states, "As to the transmission of power through space, that is a project which |
considered absolutely certain of success long since. Years ago | was in the position to transmit
wireless power to any distance without limit other than that imposed by the physical
dimensions of the globe. In my system it makes no difference what the distance is. The
efficiency of the transmission can be as high as 96 or 97 per cent, and there are practically no
losses except such as are inevitable in the running of the machinery. When there is no
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receiver there is no energy consumption anywhere. When the receiver is put on, it draws
power. That is the exact opposite of the Hertz-wave system. In that case, if you have a plant

of 1,000 horsepower (750 kW), it is radiating all the time whether the energy is received or
not; but in my system no power is lost. When there are no receivers, the plant consumes only a
few horsepower necessary to maintain the vibration; it runs idle, as the Edison plant when the
lamps and motors are shut off."

These incredible facts are explained by Dr. Corum and Spainol elsewhere, "...the
distinction between Tesla's system and 'Hertzian' waves is to be clearly understood. Tesla,
and others of his day, used the term 'Hertzian waves' to describe what we call today, energy
transfer by wireless transverse electromagnetic (TEM) radiation... no one wants to stand in
front of a high power radar antenna. For these, E and H are in phase, the power flow is a 'real’
quantity (as opposed to reactive - Ed. note), and the surface integral of E x H (Poynting vector
- Ed. note) is nonzero. The case is not so simple in an unloaded power system, an RF
transformer with a tuned secondary, or with a cavity resonator. In these situations, the fields
are in phase quadrature, the circulating power is reactive and the average Poynting flux is zero

- unless a load is applied. They deliver no power without a resistive load. These are clearly
the power systems which Tesla created. The polyphase power distribution system was created
by him in the 1880s and inaugurated at Niagara Falls in 1895. The RF transformer was
invented and patented by him in the 1890s. Terrestrial resonances he experimentally
discovered at the turn of the century. And, for the next 40 years he tried to bring through to
commercial reality this global power system. Today, millions of us have working scale
models of it in our kitchens, while the larger version sits idle."

Receiving coil a great distance from the transmitter
lighting a light bulb (white spot) in a test of Tesla's
wireless transmission of power in 1899.

° Nikola Tesla, "Minutes of the Annual Meeting of the AIEE," May 18, 1917.
10 Corum, Corum, and Spaniol, "Concerning Cavity Q," Proceedings of the International Tesla
Symposium, 1988, p. 3-15
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In the same "Cavity Q" article, the authors also settle the most common criticism of the
Tesla wireless power system regarding biological effects. Calculating the circulating reactive
power, they find a density of a microVAR per cubic meter at 7.8 Hz to be quite small, while it
is well-known that the frequency is very biologically compatible. The authors also look at the
present 100 V/m field and again find that raising it by a factor of 4 to 10 will pose no ill
effects. (Thunderstorms do it all of the time around the world.)

20



In 1925, an electrical engineer, John B Flowers, developed a proposal to test and
implement Tesla s Wireless Power System. He drafted the entire scheme for the Wardenclyffe
project and presented it to H. L. Curtis, physicist, and J. H. Dillinger, head of the Radio
Laboratory at the Bureau of Standards in Washington, DC. In a carefully worded 10-page

document, complete with schematic drawings of the earth imbued with Tesla standing waves
Flowers unvelied a plan for operating cars and planes powered by wireless electricity (Sketch

A). The plan was declined even though the mechanical test in Sketch B actually worked.

Below i |s a report on the test results of the mechanical model of Tesla's wireless system-
"Usin r? ? conceg % Sketch B, a mechanical oscillator arm was fastened fo the tied
opening of a rubber balloon 20 inches in diameter. The oscillator arm was operated with an
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electrical motor at 1750 RPM by means of an eccentric on the motor shaft. The balloon hung
free in the air. The rubber surface of the balloon represented the earth's conducting surface
and the air inside its insulating interior. The waves were propagated in the rubber surface at
the rate of 51 feet per second, the frequency of transmission was 29 cycles per second and the
wavelength was 21 inches. The mechanical oscillator was used in place of Tesla's electrical
oscillator as it presents an almost perfect analogy. Standing or stationary waves of the rubber
surface replace the electromagnetic waves of Tesla's system. By the test of this analog, the
operation of Tesla's system can be forecast. When the oscillator arm was set in motion by
operating the motor, there were three standing waves having six loops on the ‘earth's surface’
all having the same amplitude of vibration! When the finger was pushed against one or more
loops, all the loops were reduced in amplitude in the same proportion showing the ability to
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obtain all the power out at on or more points! The waves extended completely around the
'world' and returned to the sending station.™"

Toby Grotz reports in his article that, in the 1980's, about 1/3 of the generated electrical
power in this country was lost in transmission. Today, a couple of decades later, we have
shamefully doubled our dependence on foreign oil and also doubled our electrical
transmission grid inefficiency. From 31 Quads generated, a full 2/3 is totally wasted in
“conversion losses."*? (This is being repeated for emphasis.) No other energy production
system of any kind in the world has so much wastefulness. Instead of trying to build 2 power
plants per week (at 300 MW each) for the next 20 years (only to have a total of additional 6
trillion kWh available by 2020), as some U.S. government officials want to do, we simply
need to eliminate the 7 trillion kwWh of conversion losses in our present electricity generation
modality. This book scientifically proves that Testa's wireless transmission of power will
accomplish electrical distribution, better than centralized or even, dispersed generation.

Tesla discovered the evidence for charge clusters (as patented by Ken Shoulders and Hal
Puthoff), the overunity effects of air arcs (as experimentally verified by Dr. Peter Graneau and
George Hathaway), and the overunity effects of plasma glow discharge (as experimentally
verified and patented by Dr. Paulo Correa).

Many believe it's time for Westinghouse, General Electric, and the J.P. Morgan Foundation
to generously support a non-profit vehicle, such as a "Nikola Tesla Institute.” to make amends
for the billions that they reaped from Tesla's inventions. Several are considering a class action
lawsuit, on behalf of Tesla's living descendants, to establish a trust fund. The reasons for
legally attacking the profiteers of Tesla's inventive genius to fulfill Tesla's fondest dream of
wireless transmission of power are the following. (This is a short list.)

1. General Electric. 1884: "Although Tesla had an antipathy toward the use of direct
current motors, he worked to improve Edison's dynamos. He was sure he could
increase the output, lower the cost, and decrease the maintenance. Edison replied, 'If
you can do this, young man, it will be worth $50,000 to you." This would mean the
realization of a laboratory for Tesla and the means for a life of scientific exploration.
This was what he had visioned as the meaning of America's golden promise. He set to
work harder than ever, driving himself beyond his endurance, and as a result came up
with the design of twenty-four different types of standard machines, short cores, and
uniform patterns which were to replace the old ones. Edison was delighted with the
results, but there was no $50,000 in Tesla's pay envelope and after some time, Tesla
approached him for the money. It is said that Edison replied, "Tesla, you don't
understand our American humor." Tesla didn't."*® Tesla himself states this incident
more succinctly, "For nearly a year my regular hours were from 10:30 AM until 5
o'clock the next morning without a day's exception. Edison said to me: 'l have had
many hard-working assistants but you take the cake." During this period, | designed
twenty-four different types of standard machines with short cores and of uniform
pattern which replaced the old ones. The Manager had promised me fifty thousand
dollars on the completion of this task but it turned out to be a practical joke. This gave
me a painful shock and I resigned my position."™* The legal team will also detail all
other legal nightmares caused by Edison, who continued to torture Tesla for years.
Such examples include the court order to prevent Tesla from using GE light bulbs for

1], B. Flowers, July 16,1925, as quoted in Exotic Research Report, July, 1999, p. 48
12uNational Energy Security Post 9/11" U.S. Energy Association, June, 2002, p. 34

3 Hunt and Draper, Lightning in His Hand, The Life Story of Nikola Tesla, Omni, 1981, p.42
“Nikola Tesla, My Inventions, The Autobiography of Nikola Tesla, Hart Brothers, 1982, p. 72

23



the Pan American Exhibition of 1901 in Buffalo, NY and the egregious lies about a
'debt-ridden company' spread by Edison to depress Westinghouse stock, not to
mention the electrocution of dogs at state fairs by Edison to show the dangers of AC
electricity. It is ultimately possible that Edison can be implicated in the burning of
Tesla's NY laboratory in March, 1895, while he was out of the city. The motivation
for the crime was overwhelming: Edison (General Electric) lost the Columbian
Exposition light bulb contract to Westinghouse in 1892 to the tune of $400,000.
General Electric also lost the generator contract for the three initial 5,000 horsepower
generators at Niagara Falls in 1893 and was forced to secure a license for the use of
Tesla patents. Tesla (Westinghouse) completed the powerhouse in 1895 and residents
of Niagara Falls turned on the lights in April. 1895. proving the superiority of AC
electricity. A year later and 20 miles away, Buffalo, NY would be the first city in the
world to have electric street lamps. Meanwhile, GE lawyers could only repeatedly file
petty lawsuits to wear down Westinghouse, so that eventually, it was called, *"The War
of the Currents.” The uneducated Edison led the groundless and unscrupulous battle by
scaring the public with words like, "Just as certain as death, Westinghouse will kill a
customer within six months after he puts in a system of any size. He has got a new
thing and it will require a great deal of experimenting to get it working practically. It
will never be free from danger."

2. Westinghouse. 1888: Tesla was awarded patents on the AC system of motors and
generators in May, 1888. "Within a few months, Westinghouse acquired the patented
American rights and hired Tesla at a salary of $2,000 a month to work in Pittsburgh on
the development of the polyphase system. Tesla's system for the transmission and
distribution of alternating current, including the induction motor, was covered by 40
historic patents. His motor was the missing link for today's alternating current system
of centralized electric generating stations capable of efficiently and economically
distributing electricity over long distances. It is widely believed that Tesla received a
million dollars for his patents and that Westinghouse was to pay Tesla $1 per
horsepower for each AC motor produced. However, according to Westinghouse
historical records, the contract specified that Tesla was to receive about $60,000 and
earn $2.50 per horsepower for each motor produced. Four years after the contract was
signed, it was rumored, the accrued royalties totaled approximately $12 million.
Westinghouse was advised to get rid of the royalty contract when his form was in
financial trouble and the fate of his company was at stake. So Westinghouse told Tesla
he did not think he could honor the royalty clause...The 1897 annual report of
Westinghouse shows that Tesla was paid $216,600 for outright purchase of the
polyphase system patents."'® Over 110 years later, the amount of profit that
Westinghouse has realized from Tesla's polyphase system has to be embarrassingly
huge amount of money. Today, in comparison, pharmaceutical companies routinely
ask Congress to extend the term of their patents beyond 20 years, just so they can
"recover" more profit.

3. J. Pierpont Morgan. 1901: "It has been stated that Morgan simply gave Tesla $ 150,000
with no strings attached. Actually, there were plenty of strings attached. Morgan
delayed his check for a few months. Finally it came with the stipulation that fifty-one
percent of the patents relating to wireless telephony and telegraphy, not only those to

John Shatlan, "Tesla: Scientific Superman who Aided Westinghouse Industry," Pittsburgh
Business Journal, July 19,1982 and the Tesla Journal, 1986, p. 60
Ibid., p. 60 (Ed. note: the same facts are also found in O'Neill's biography, Prodigal Genius.)
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be used is the present but the ones to be developed all were to be in Morgan's name.
The $150,000 was well-secured... On March 1, 1901, Tesla sent to Morgan his
contract, signing over the fifty-one percent interest in his patents and inventions and in
any future ones relating to electric lighting and wireless telegraphy or
telephony... Morgan's $150,000 was woefully inadequate when Tesla considered all
that must be done, but it was a start. He secured a tract of land on Long Island, about
sixty miles from New York City, though an arrangement with James S. Warden. Tesla
had pictured to Warden a glowing and convincing real estate boom in that site,
employing several thousand people who would build their homes on the adjacent land.
Warden cooperated to the extent of offering two hundred acres of land for the use of
the scientist, twenty acres already cleared and with a well one hundred feet deep. By
July 23, 1901, work had started on the project with the roads cleared and the right of
way in order. Thus, within a little less than five months after the contract with Morgan
was signed, work was started on Tesla's giant project."*” The rest of the horror story is
history, as only the tower frame was erected in the next year. No more money was
forthcoming for the project that Morgan initiated, even when the equipment cost alone
cost about $200,000. Morgan believed that he would "have nothing to sell except
antennas (and refused) to contribute to that charity."*® Tesla tried and tried for years
until in 1917 the U.S. government blew up the abandoned Wardenclyffe tower because
suspected German spies were seen "lurking™ around it. With Edison as his willing ally,
Morgan even publicly discredited Tesla's name, so that all of the five school textbook
publishers of the time removed any reference to him. Any wonder why even today,
100 years later, hardly anyone knows who Tesla is?

Upon reading the rest of this book, all of us who contributed to this book know that the
engineers and physicists of the 21° century will come to appreciate the benefits of the
tremendously efficient (about 95%) wireless transmission of power. In terms of today's
systems theory, Tesla understood that it is vital to "increase human energy"” in order to
maximize the quality of life worldwide.”® (See Puharich article for a detailed analysis of this
Tesla theme.) In terms of economic theory, many countries will benefit from this service. At
first, receiving stations will be needed. Just like television and radio, only an energy receiver
is required, which may eventually be built into appliances, so no power cord will be
necessary! Just think, monthly electric utility bills will be optional, like "cable TV."

Tesla was an electrical genius who revolutionized our world in a way that DC power could
never have accomplished, since the resistance of any transmission lines, (except perhaps,
superconductive ones), is prohibitive for direct current. He deserved much better treatment
from all three of the tycoons described above, than to spend the last 40 years of his life in
abject poverty. However, he was too much of a gentleman to hold a grudge. Instead, regarding
the magnifying transmitter, Tesla wrote in his autobiography, "I am unwilling to accord to
some small-minded and jealous individuals the satisfaction of having thwarted my efforts.
These men are to me nothing more than microbes of a nasty disease. My project was retarded
by laws of nature. The world was not prepared for it. It was too far ahead of time. But the
same laws will prevail in the end and make it a triumphal success."?

17 Hunt and Draper, p. 136

18 H.W. Jones, "Nikola Tesla, Generator of Social Change,"” Proc. of Inter. Tesla
Sym.,'86, p. 1-89

19 Nikola Tesla "The Problem of Increasing Human Energy" The Century Illustrated
Monthly

Magazine June 1900, p. A-109-A-152
20 Nikola Tesla, My Inventions, p. 91
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This book is being published in time for the Wurdenclyffe Tower Centennial. (1903-2003)
which to many, signifies an extraordinary cause to remember and resurrect. Let us fulfill this
prophesy of Tesla, making it a triumphal success, by supporting a philanthropic, international
wireless power station to benefit the whole world. The scientists who contributed to this
anthology are available to make such a global wonder a reality. The benefits, immediately
alleviating electric power shortages everywhere, are too numerous to count. (For example, in
Tesla's homeland, the Electric Power Company of Serbia will raise their monthly rates by
50% on the day this book goes to the publisher.) Are you willing to help make a world of
difference?

(Editorial comments are inserted in many of the following contributed articles. They represent
my scientific viewpoints, which may help other researchers. You can recognize these
additions by the familiar ending: "- Ed. note.")

All patents cited in this book are available from www.uspto.gov or even better, from
www.GetThePatent.com where a free viewer is available
http://www.catesianinc.com/products/cpcviewax/install/ or at last resort, send $3 to the
USPTO, Box 9, Washington, DC 20231 with the patent number. - Ed. note

Thomas Valone can be reached through Integrity Research Institute, a nonprofit, 501(c)3
corporation, located at 1220 L St. NW, Suite 100-232, Washington, DC 20005,
www. IntegrityResearchlnstitute.org and iri@erols.com
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SECTION I

History

"This coil.. .shown in my patents Nos. 645,576 and 649,621, in the form of a spiral, was, as you
see, in the form of a cone...in an inductive coupling which was not close —we call it now a loose
coupling - but free to permit a great resonant rise. That was the first single step, as | say, toward
the evolution of an invention which | have called my 'magnifying transmitter.' That means, a
circuit connected to ground and to the antenna, of a tremendous electromagnetic momentum and
small damping factor, with all the conditions so determined that an immense accumulation of
electrical energy can take place.” - Nikola Tesla (Nikola Tesla on His Work with Alternating
Currents, Leland Andersen, Editor, Sun Publishing, 1992, p. 72)
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2 Reflections from Tesla's Descendent

William H. Terbo
Reprinted from Proceedings of the International Tesla Symposium, 1990

This is the fourth biennial Tesla Symposium. I've had the pleasure of making some opening
remarks at each one. My appearance here has a twofold purpose. First, as a descendant
of Nikola Tesla, | hope to provide a link between the man we honor and those of us who are
here to honor him. Second, as a representative of the Tesla Memorial Society and its
Honorary Chairman, | want to reaffirm the cooperation between the International Tesla
Society and the Tesla Memorial Society in moving toward our common aims. Simply put,
they are honoring and perpetuating the memory and ideals of Nikola Tesla through
appropriate cultural and academic activities. The Tesla Symposium is a worthy representa-
tion of these aims.

This morning 1I'd like to touch briefly on three topics. First, to re cap some of the events
and accomplishments of the two years since our last symposium which have reflected
positively on the name and reputation of Nikola Tesla—plus mention of two or three current
projects. Second, 1'd like to share some historical detail on the original
Tesla/Westinghouse power generating system at Niagara Falls. And lastly, 1'd like to
provide some personal thoughts about the private character of Nikola Tesla.

Before | begin, let me ask the Executive Secretary of the Tesla Memorial Society, Nicholas
Kosanovich, to stand and be recognized. Nick, more than anyone, is responsible for the
continued success of the Society. He does yeoman work. | don't know how he does it, |
certainly haven't been able to get into harness that way.

Recent Events and Accomplishments

First, let me talk about some of the events and accomplishments that have happened
recently. They all tend to promote the name of Tesla. What we are trying to do is gain the
recognition for Tesla that he deserves and these all work to build toward that aim.

Pennsylvania and New York have issued proclamations naming July 10 as Nikola Tesla
Day. At least six U. S. Representatives and Senator Carl Levin of Michigan have made
speeches in Congress commemorating Tesla's July 10 Birthday. When

we get copies of the Congressional Record, we will certainly make them available to the
International Tesla Society. There may be other recognition of this day and we will just
have to wait on them. Sometimes we only hear about the proclamations of various States
after the fact.

Another item that has been a long time in the works and has come to fruition is a plaque of
Tesla at the United Engineering Center Headquarters [345 West 47th Street, New York,
NY 10017] near the United Nations in Manhattan (Figure 1). That is also the International
Headquarters of the Institute of Electrical and Electronics Engineers. They occupy three
or four floors of that building. This is a large plaque, more than one person can lift. It has
been put in one of the most desirable locations in the building. It's in a hall of other awards
and plaques that connects the lobby and the first floor, the most desirable and prestigious
location there. It was originally a gift of the Yugoslav Government and meant to be placed
on the New Yorker Hotel, where Tesla died. The New Yorker Hotel, of course, now is a
dormitory for Dr. Moon's Unification Church, and there has always been some difficulty
in getting cooperation on that account. So | think a better solution was to have
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it installed at the Headquarters of the IEEE and, with their assistance, this was done.
Another plaque was just installed in Belgrade, about 100 years after the fact, to
commemorate Tesla's visit to that city in 1892.

The IEEE Power Engineering Society has as their principal annual award, the Tesla Award
and Medal (see A-4), which has been issued each year since 1976. In 1989 the recipient
was Dietrich R. Lambrecht, an engineer working on turbines for Siemens in Germany. In
1990, just recently, the winner of the reward was Gordon R. Slemon [A-4].

In June 1990, the IEEE and the New York Power Authority dedicated the Adams Hydro-
Electric Generating Station in Niagara Falls. They designated it as an "Engineering
Milestone,” as this is the original plant built to create Alternating Current from Niagara
Falls in 1895. The power was first generated in 1896. This is a further indication of the
support that we are getting from the IEEE. It certainly is welcome, because having the
scientific community support the name of Tesla is always very important.

Figure 1. A plaque honoring the achievements of Nikola Tesla. Now located in the United
Engineering Headquarters in Manhattan, it was originally to be placed at the Hotel New
Yorker, where Tesla had been a long time resident. - William Terbo

John Wagner has been one of our most active members and is now taking charge of the
Youth Division of the Society. He's done a number of things that are worth remarking.
First, he's had a bust of Tesla created (Figure 2). It is a very good likeness of Tesla in his
prime, in his late thirties. The bust has been purchased by donation and is available to be
given to the Smithsonian Institution in Washington, DC. It presently is in the Engineering
Library at the University of Michigan in Ann Arbor. It is a fairly costly item and money
has been raised by a number of parties including the rock group that goes by the name
"Tesla." It's a wonderful spectrum of support that we get. Here is a group that looked
upon Tesla as being an outsider who had difficulty in making his way and | think heavy
metal rock groups might be considered outsiders having a difficult time making their way.
So, they've taken the name, it's not an ethnic connection and so this is really quite generous
on their part. They're quite successful, incidentally.
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Trying to get the Smithsonian Institution to recognise Tesla has been difficult because their
tendency is toward Edison, that is, whenever there is a controversy between Edison and
Tesla, the Smithsonian tends to side with Edison. In conjunction with this, John has been
instrumental in starting a campaign of signatures of people to make a petition. His aim is
to gather 100,000 signatures. Although it sounds like a formidable number, he's got 37,000
already. These signatures are gathered not only by professional institutions, colleges and
universities, but by people who are attending the rock concerts by the "Tesla" group.
They've actually been responsible for 70 to 75 percent of those signatures. The way they're
going, they WILL collect the 100,000.

Figure 2. John Wagner's bust of Tesla in his late thirties. - John Wagner

Another element John has developed for promoting the name of Tesla and for trying to get
the attention of the Smithsonian are top quality sweat shirts and T shirts he has had made
that say on them "Bust the Smithsonian." He has done this because the Smithsonian has not
yet agreed to accept the Tesla bust. Incidentally, over 250 of these items have already been
sold, with all proceeds over actual costs going into a fund for the purchase of additional
busts.

Further, John has been carrying on an effort to enlist the support of university level
educational institutions to properly recognize the scientific contributions of Nikola Tesla.
He has encouraged his students in a letter writing campaign that has produced suggestions
to University Physics and Electrical Engineering Department Heads as well as the CEO's
of 51 power generating Utilities.
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Tesla Biographies

Although its schedule was previously unannounced, | can now mention that Yugoslav TV
is now midway through a process of making six, 40-minute biographical episodes on
Tesla's life. Those are going to be in Serbo-Croatian, but probably will be subtitled in
English. In addition, a 60-minute fully English language film version is planned to be
available. | understand that three of the six, 40-minute segments are already in the can and
that they are aiming for a 1991 screening date which will commemorate his 135th birth date
anniversary. In addition, Henry Golas, who has the film rights to Margaret Cheney's book
"Tesla: Man Out Of Time," is still proceeding with his efforts to get that into production.
I know of at least two other partially funded videos for public TV that are in the pre-
production stage.

In the area of books, Margaret Cheney has indicated that a new hard bound edition of her
book "Tesla: A Man Out Of Time" will be available shortly. Another book is being written
by Dusko Doder, a very prominent newspaperman. He was the "U S News and World
Report" Bureau Chief in Beijing at the time of the unrest and is now based in Belgrade,
acting as Bureau Chief for Moscow and Belgrade. He has already published a book which
has been quite successful, called "Gorbachev: Heretic In The Kremlin" which has been well
received and is now starting on a biography of Tesla. A third book, by a young woman,
Carol Costa, is a biography that is oriented toward youngsters, that is now in the process
of being published.

"Nikola," a play written by one of our members, a young professional playwright, Karen
A. Klami, is a dramatization of crucial events Tesla's younger life. It has had several
professional readings and a commercial production is being organized. | don't know
whether it will appear on Broadway, but it will appear someplace.

As far as the Tesla Memorial Society is concerned, we've released our Tesla Journal double
issue for 1989/90. It is available in the bookstore. It's a good solid piece of scholarship.

The Nikola Tesla Museum

Dr. Marincic will be speaking later in the program and will discuss the Tesla Museum in
Belgrade. Certain renovation has been done so it's in really top shape. | think this is
important because the archives are there and climate control in that building has to be very
carefully monitored. | think that's the essence of the renovation that they've done. It's a
beautiful mansion from the turn of the century, like one of the three or four story granite
mansions that were once seen on 5th Avenue in New York City (Figure 3). Also in
Belgrade, the power generating companies of Yugoslavia have organized their new institute
for research. It's in a new building and named "The Tesla Institute,” as are most of the
power companies in Yugoslavia named after Tesla.

Long Term Projects

The Tesla Memorial Society has three long term projects that are not expected to happen
right away and are going to require a lot of long term effort. First, there is solid planning
going ahead for a museum at Niagara Falls which will incorporate some of the subterranean
tunneling that was done for the original power installation (Figure 4). There are still
remnants of the old power plant down there and it can make an interesting tourist attraction,
almost like investigating tombs or something of that sort. It has all been sealed up for
decades. These tunnels can be the basis for a tourist attraction that will certainly mention
Tesla prominently.
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Shoreham, Long Island, is the site of the Wardenclyffe Tower that Tesla built in the early
part of this century. The foundation of the tower is still there and the old laboratory
building next to it is intact and being used for storage. We are trying to get a formal
dedication of that site. The building and surrounding complex is privately owned by Agfa-
Gevaert, the big Belgian photochemical company, and is no longer used for production.
It's a large industrial complex of many acres, and the site occupies only one acre or so on
the side, so we may have a possibility of getting their cooperation. It won't happen
overnight, that's for sure.

Of course we're looking forward to 1993, the 50th Anniversary of Tesla's death, as an
appropriate time to have an exhibition at the Smithsonian. Because of the bent of the
Smithsonian, that's going to take a lot of work, but | think something will happen and we're
marshalling our forces.

Figure 3. The Nikola Tesla Museum in Belgrade, Yugoslavia. — Nikola Tesla Museum

The Tesla/Westinghouse Power Generating System

Let me continue now with just a few words about Niagara Falls. | happened to acquire a
copy of the very enlightening 1901 promotional brochure from the Niagara Falls Power
Company, that was made as a presentation in getting new subscribers to their system. The
real age of electric power, in the modern sense, started in Niagara Falls on November 16,
1896, when the first power generated by the Tesla/Westinghouse AC system was delivered
to Buffalo, New York. This was the culmination of three years of design and construction.
By 1901, according to this booklet, the Niagara Falls Power Company (the predecessor of
the Niagara Mohawk Company) had about 45,000 Effective Horsepower capacity and was
marketing this new source of power to industries and municipalities in the area. In their
brochure, they reviewed the quantity of power used and the applications for each of about
35 customers that they identified by name. By today's standards the quantities seem trivial
but, as with the dollar, in 1901 a Horsepower WAS a Horsepower.
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Some of the companies listed were:

The Pittsburgh Reduction Company, which is the predecessor of Alcoa. They were using
5,000 horsepower for the electrolytic production of metallic aluminum. They were the
largest commercial user (as opposed to municipalities).

Carborundum, who used 2,000 horsepower for electrolytic production of abrasives.

A company called Castner Electrolytic Alkali Company (there is a chemical process called
the Castner Process) used 2,400 horsepower for electrolytic production of pure caustic
soda.

Union Carbide was making calcium carbide, using the power for electric furnaces.
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Personal Thoughts

Let me talk for just a moment about the character of Tesla. Much has been written about
the public persona of Nikola Tesla, usually dealing with the creation and implementation
of his inventions and discoveries. They show a man of intellect, dedication and
perseverance, but an over abundance of these quantities creates a picture of a somber and
sober person with a single-mindedness that seems to preclude a more human side.

Much has also been speculated on the private side of Nikola Tesla. This speculation was
much influenced by his fastidious dress, his formal manners and his precise writing style,
Aside from the more outrageous speculations, the conclusion was usually drawn that this
was an introverted and driven workaholic, without a fully developed personal side.
However, put in the context of the times, dress, manners and precision in writing were
really hallmarks of the decades on either side of the turn of the century. We have very few
instances of verifiable anecdotes from his closest friends because such gossip rarely found
its way into print. (What a change from today's celebrity bashing.) But, in context or out
of context, these characterizations of Tesla's private personality have been perpetuated.

Figure 5. The 1901 Promotional Brochure of the Niagara Falls Power Company. -
Niagara Falls Power Company

Now, over a period of time, | have thought of this and it occurred to me that | may very
well have a unique insight into Tesla's private personality through a comparison with my
father. The parallels in their lives far exceed the common gene pool formed by their blood
relationship. (My Grandmother was Tesla's sister, Angelina.)
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Except for being 30 years apart, the list of parallels is really staggering:

Lika, the Croatian county of their birth in what is now Yugoslavia, had a special status and
responsibility for Serbs as it was part of the Austro-Hungarian military frontier. The
Ottoman Empire's boarder was that close to Vienna, a situation that lasted for a period of
hundreds of years.

Both Tesla and my father were sons of Serbian Orthodox priests and that's a very severe
and demanding faith. (I don't know if anybody here is Serbian Orthodox, I'd like to say
that I'm Episcopal for that very good reason.)

Both received a technical education far from home, which was necessary in those days.
There was no higher education readily available in the provinces. You had to go, as in my
fathers case, to Budapest.

Both became engineers and worked for similar lengths of time for the Budapest Telephone
System.

Doth emigrated to the United States at 28 years of age.
And, as inventors, made their most important inventions in their middle to late thirties.

Both exhibited qualities of dedication and patience and modesty and a philosophical turn of
mind.

Both were strong and vigorous and died at the age of eighty seven.
But, both suffered from a certain naivete, particularly in business.
Both acquired, but let slip from their hands, a considerable fortune.

Now, | knew my father pretty well, even better from the perspective of the years since his
passing And 1 see a human being with human qualities and frailties, and it seems reasonable
to attribute to Tesla some measure of these same qualities and frailties.

This brings me to an unexpected point. My father had a sense of humor and therefore,
Tesla must have had a sense of humor that has been overlooked in the myth of his private
self. (There certainly aren't any books that are titled "Favorite Jokes of Nikola Tesla".)

My father was a story teller, and usually was recalling things that happened when he was
a boy. I heard them all dozens of times. | can't repeat them because they'd lose their
essence in his way of telling them but my father could never finish these stories without
collapsing in laughter. He would get into the memory of some story and would just get
helpless with laughter. We all knew what the end of it was and he'd struggle through
ultimately. It was an infectious laugh and we didn't mind the same old stories. | still
remember them clearly.

And so, in closing, | just want to say that I've taken a long way around, and had a chance
to remember my father. But the next time that you think of Nikola Tesla, that discoverer
of great concepts, think of him convulsed in gales of laughter, trying to tell some boyhood

yarn.
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3 Nikola Tesla - Electricity's Hidden
Genius

Keith Tutt Copyright © Keith Tutt, 2001
Imprinted from The Scientist, the Madman, the Thief & Their Light Bulb, Simon &
Schuster Pub.

"I have harnessed the cosmic rays and caused them to operate a motive device."
Nikola Tesla, The Brooklyn Eagle, 10 July 1931

"Era many generations pass, our machinery will be driven by power obtainable at any point in the universe. Is
this energy static or kinetic? If static, our hopes are in vain; if kinetic — and this we know it is for certain — then
it is a mere question of time when men will succeed in attaching their machinery to the very wheelwork of
nature."

Nikola Tesla, "Experiments With Alternate Currents of High Potential and High Frequency," 1904

In 1884 a young Croatian immigrant stepped ashore at the Castle Garden Immigration
()ffice in Manhattan, New York. He was a sharp-featured 27-year-old with a glamorous shock
of black hair, named Nikola Tesla. In his coat pockets he carried a few coins, some papers
with drawings and calculations on them and, perhaps most importantly of all, a letter of
introduction to Thomas Alva Edison, the incumbent king of electricity.

Behind Tesla there was already an extraordinary past filled with invention, hardship and a
series of near fatal accidents and afflictions. Ahead of him lay a future in which many of the
things he had already imagined would come to pass for the benefit of the world. And yet his
greatest wish — of freely available electrical energy for all — would be denied him.

Blessed with an extraordinary mind capable of extravagant and yet detailed visual
imagination, Tesla was a complex prodigy who suffered from strange over-sensitivities and
symptoms of what we would now call an obsessive compulsive disorder. As well as one of the
most highly developed forms of photographic memory, Tesla claimed to possess a
superhuman, almost supernatural, power of hearing which enabled him to hear conversations
hundreds of yards away and - in a few instances - to hear thunder up to 500 miles away.
During a teenage nervous breakdown Tesla could hardly go out of his home, as he had
become hyperaware of sounds, atmospheric pressures and sunlight. He seemed to feel the
impact of natural phenomena directly within his body. His compulsive side brought long
periods of needing to count physical actions he performed - steps along a road, mouthfuls of
food, even breaths: he behaved like a self-monitoring machine, a mobile laboratory which his
psyche had decided to investigate. Later, when he was able to bring the exercise of his will
power to bear over these compulsions, he would make good use of this internal observation.

Invention came naturally to Tesla from an early age. When he was five he modelled a
waterwheel which worked without the use of any conventional blades; he was later to recall
this when he designed his bladeless turbine [1] He designed a device in which imprisoned
beetles powered a wheel with the flapping of their wings. He tried to fly from the top of the
family house using an umbrella - a feat which nearly killed him. He tried to take apart and
reconstruct his grandfather's clocks, a skill which had its limits: "hi the former | was always
successful, but often failed in the latter.”[2]
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In 1875, at the age of eighteen, he enrolled at the Austrian Polytechnic Shool in Graz,
Austria, where he studied mathematics, physics and mechanics. He was determined to
complete the two-year course in one year, and worked most days from three in the morning
until eleven at night. One aspect of his compulsion was a need to complete anything he had
started.

While it later became a helpful force within his creative production, it often drove him to
despair. At college he had started to read the works of Voltaire when he discovered that there
were nearly one hundred volumes in small print. Such was the strange conscience of his
psyche that he could not rest until all were read.

It was during his time at Graz that his ideas about alternating current first started to surface.
Professor Poeschl, a German, was Tesla's inspirational teacher of theoretical and experimental
physics. One day Poeschl showed the class anew electrical machine that had just arrived from
Paris: called a Gramme Machine, it could function as both a direct current (DC) motor and a
dynamo. Tesla reported later that he felt strangely excited by the machine’s arrival. When it
was operating the machine's brushes sparked wildly. Tesla suggested to his teacher that the
machine could be improved if the commutator were done away with, and if it were to run
instead by alternating current. He didn"t know how this might be done, and yet he had an
instinct that somehow the answer might lie within his own mind. The professor was less
confident: "Mr Tesla may accomplish great things but he will never do this. It would be
equivalent to converting a steadily pulling force, like gravity, into a rotary effort. It is a
perpetual motion machine, an impossible idea."[3] However, Tesla's need to complete things
would not let this idea rest: “With me it was a sacred vow, a question of life and death. | knew
that I would perish if failed.”

With this motivation burning away inside him, it was a few more years before finally a
burst of creativity hit the young Tesla. He was taking a walk in Graz"s city park with Anital
Szigety, a mechanic friend, at the same time reciting a passage from Goethe™s Faust. Then, as
Tesla reported it: "The idea came like a flash of lightning, and in an instant the truth was
revealed.” Tesla started to draw in the dirt with a stick for his friend to see: "See my motor
here; watch me reverse it! [4]

He had hit upon a whole new system of electrical operation based on the totally novel
concept of producing a rotating magnetic field by running two or more alternating currents out
of phase with each other. The rotating magnetic field completely did away with the need for
the conventional brush contacts and commutator of the normal DC motor. In his creative flash
he had discovered multiphase alternating current (AC) - a leap forward which would make
possible the high-voltage widescale generation, transmission and distribution of electricity
that is still the worldwide standard today. In that same moment he had also shown Professor
Poeschl the error of his skeptical ways. Over the next days, Tesla designed most of the new
machines and devices required by the multiphase AC system: particularly the induction motor
and all the equipment required for the generation and supply of AC electricity. He wrote of his
work: "It was a mental state of happiness about as complete as | have ever known in life.
Ideas came in an interrupted stream, and the only difficulty | had was to hold them fast." His
work also provided an example of his extreme gift of visualization: "The pieces of apparatus |
conceived were to me absolutely real and tangible in every detail, even to the minutest marks
and signs of wear. | delighted in imagining the motors constantly running.”[5]

As well as an extraordinary intuitive gift for new technological ideas, Tesla was blessed
with this extreme form of "mental practicality”, by which he was able to save himself many
hours of wasted effort in engineering time. Instead of building real, physical devices, he
would usually design and construct them in the workshop of his creative imagination. In this
virtual testbed, he would set them running, later returning to see what had happened, what had
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worn or broken down, what had functiones correctly or incorrectly. He would then make
imaginative improvements in order to make the devices more efficient or effective, before
continuing this refining process. When he was absolutely happy with his mental creation, he
would then, and only then, commit his idea to physical reality. It was this gift above all others
that enabled him to be so prolific as an inventor.

When in 1884 the confident Tesla set off for America, however, with the AC system and its
components firmly embedded in his mind, he had little idea of the difficult path that lay
between him and acceptance of his technology - a path that threatened to both make and break
the young Tesla.

The War of the Currents

Straight off the ship in New York, Tesla headed for the offices of the Edison Electric
Company, where he found the 32-year-old dynamo of the new world Thomas Edison. Already
the inventor of hundreds of products and the owner or co-owner of many electrically related
companies, Edison was a self-educated genius with the street smart of an alley cat. Tesla
presented his letter of recommendation to the short-tempered Edison - a letter from Charles
Batchelor, one of Edison's trusted officers in Europe. The note, addressed to Edison, was
entirely flattering: "I know two great men and you are one of them; the other is this young
man."

Within moments Tesla was attempting to explain his new induction motor and the
development of the multiphase alternating current, but was stopped dead in his tracks by an
angry Edison. His response was short and sharp: "Spare me that nonsense. It's dangerous.
We're set up for direct current in America. People like it, and it's all I'll ever fool with."[6]

Edison was totally opposed to anything but his own DC system, believing, erroneously as
it turned out, that his incandescent light bulbs would not work with AC current. Nevertheless
he offered the crestfallen Tesla a job on his workshop crew. It was hardly the last he was to
hear of Tesla's AC breakthrough. Once Tesla left his employ - following a broken promise
over a $50,000 bonus owing to Tesla - he would team up with George Westinghouse, the
Pittsburgh business magnate. While Tesla was a scientific genius of the highest level, he faced
a continual challenge to fund the great, but expensive, plans that his imagination provided.
When he joined George Westinghouse in 1888 to bring AC electricity to the whole of
America, he signed a contract, which gave him royalties of $2.50 for each horsepower of
generating capacity licensed. The War of the Currents - the battle to electrify America - had
begun in earnest.

While Edison had managed to electrify the wealthier parts of New York with a series of
local coal- and steam-driven generating stations, his stubbornness could not allow him to think
that there might be a more electrically efficient and more cost-efficient solution. With the
backing of Pierpont Morgan, one of the wealthiest and most ruthless businessmen of his time,
Edison had pinned his colors firmly to the DC mast, and there was no turning back. For him it
was a battle to the death - although the fatalities were, in the end, innocent and unlikely
victims.

In the War of the Currents Edison became a sinister P.T. Barnum figure: dogs and cats
were collected off the streets and publicly electrocuted by Edison to demonstrate that AC
electricity was dangerous - even lethal. Edison even convinced the New York State prison
service to employ early AC electrical equipment in the world's first electrocution of a
convicted murderer. AC was so dangerous, he contended, that all it was good for was killing.

Despite Edison's propaganda, the 1893 Chicago World's Fair saw Westinghouse and Tesla
emerge as victors in the War of the Currents, with a combination of showmanship and
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technical superiority. The same year Westinghouse was awarded the contract to manufacture
the generating equipment for the electrification of Niagara Falls, and Tesla was to be in charge
of the design. In a compromise, General Electric, which had taken over the Edison Electric
Company, was to supply the transmission and distribution lines for the twenty-six miles from
Niagara to Buffalo - the nearest major city. Yet even General Electric's proposal was now
based on alternating current technology. For Tesla this was a double triumph: not only had
alternating current been accepted for its technical superiority, but he had also been given a
strange confirmation of the power of his mind.

At the time he had modeled his first waterwheels, while in school in Gospic, Croatia, he
had seen some pictures of Niagara Falls in a school book. He had experienced a powerful
reaction, and - as often - further associated creative pictures had appeared in his mind. He
saw a huge wheel with water cascading over it. He told his uncle that one day he would travel
to America and make this waterwheel. Some thirty years later his prophecy had come true.

By 1897 his royalties from AC were already worth some $12 million, and had they
continued they could have reached billions. Tesla would have been the Bill Gates of his day. It
was not to be. Westinghouse came under pressure from his commercial enemies. The General
Electric Company managed a dirty tricks campaign that lowered the Westinghouse
Company's stock and made it close to impossible for it to continue independently. George
Westinghouse had to go back to Tesla and ask him to forego all his royalties -past, present and
future - in order that the company could survive independently. Tesla, who believed that
Westinghouse could still fulfill his dream of AC for all, gave up his right to the millions he
was due, and accepted a single payment of just $216,600 for the outright purchase of all his
AC patents. A large sum, perhaps, but not enough to independently fund Tesla's researches
into the even more radical energy technologies that were already spinning around his mind.

Westinghouse survived to fight another day with General Electric over the country's
seemingly infinite energy needs, even though court fights over patents would sap the company
financial reserves for many years to come. From that time on it would be others who would
benefit from Tesla's genius.

Forgotten Genius?

To demonstrate the genius of Tesla, we only need to list some of his patented inventions
apart from those related to AC electricity: the arc light; the speedometer; the first radio-
controlled boat; superconductivity; and the first tube light. He also laid the ground for radar,
cryogenics, wireless radio and telephony, the use of X-rays and our understanding of the sun's
cosmic rays. Cosmic rays were at the heart of some of Tesla's later ideas about energy
production. In his own time, though, there were few who could accept his concept that the sun
threw out showers of tiny, highly energetic, fast-moving particles. Although no record
remains of his methods he claimed that he had measured their energy at hundreds of millions
of volts. [7] Thirty years after he first aired his controversial theories, two Nobel laureate
physicists, Dr Robert A. Millikan and Arthur H. Compton, admitted their debt to Tesla's
work, even though they disagreed violently about the nature of the rays - whether they were
in fact photon (light) rays or, as Tesla had believed, charged particles. Millikan, though,
managed to measure their potential at 64 million volts, close to Tesla's figure. We now know
that cosmic rays, which are many and varied, result from the formations, decays and collisions
of many different kinds of particles - some from the sun and some from other, more distant
stars, novae and supernovae. Nevertheless, Tesla's principal concept was closer to the truth
than any of his contemporaries knew.

42



Many of Testa's discoveries and inventions are often mistakenly attributed to better-
known names. While most lay people still believe that Marconi perfected the transmission and
reception of radio waves, there is no longer reason to believe this: in June 1943 the US

Supreme Court ruled that Tesla's patents predated Marconi's claims on the prize of radio.
Popular history is, though, still slow to catch up. Errors committed in print can take many
years to correct. The just do not always get to write the history books, and even during his
lifetime Tesla became an object of ridicule and derision for his "outlandish ideas."

There were times when he may have contributed to this -for instance when he agreed with
Lord Kelvin in 1902 that Mars was trying to make contact with America. (It is now believed
he may have been the first person to have measured - without realizing its origin - the pulsing
of distant stars.) However, Kelvin and Tesla also agreed on a further, more prophetic point:
that the world's non-renewable resources - such as coal and oil - should be conserved and
that wind and solar power should be developed [8] Tesla's creative scientific skills seemed to
know few boundaries; yet many who saw him work were scared by his radical approach to
natural forces. In public demonstrations he would often wreathe himself in sparks and
crackling bolts of high-voltage electricity without ever seeming to do himself harm:

"I still remember with pleasure how, nine years ago, | passed the discharge of a powerful
induction-coil, through my body to demonstrate before a scientific society the comparative
harmlessness of very rapidly vibrating electric currents, and | can still recall the astonishment
of my audience. I would now undertake, with much less apprehension than | had in that
experiment, to transmit through my body with such currents the entire electrical energy of the
dynamos now working at Niagara -forty or fifty thousand horsepower. | have produced
electrical oscillations which were of such intensity that when circulating through my arms and
chest they have melted wires which joined my hands, and still I felt no inconvenience.” [9]

A famous photograph of Tesla captures him sitting on a chair in the laboratory he built at
Colorado Springs in 1899. From the huge electrical coil in the centre of the room, white arcing
sparks — some over twenty feet long and as thick as a man's arm — squirm and leap around
him. With millions of volts of electrical charge appearing to surround his posing figure, he
seems perfectly, archly, "at home" - and to prove it he is calmly reading a book. It is a
seminal image of the man who was more comfortable with the awesome power of natural
electricity than perhaps anyone else - either before or since. The image is, in fact, a double
exposure, a flashy kind of hoax; nevertheless, it demonstrates a key part of Tesla's personality
his love of showmanship.

Transmission Without Wire

While many of Tesla's dreams were achieved, his most ambitious visions remained
unfulfilled during his lifetime. It is a matter of some considerable speculation, given his great
achievements, as to why some of his plans did not reach fruition. While Tesla had gained
great respect as an engineer and inventor, there were always those - like his professor in
earlier times - who did not believe that his imaginings could really come to anything. There
were others who were in commercial and technological competition with Tesla - Edison, for
example — who were willing to ridicule him and to diminish his standing as a way of
promoting their own interests. And then there were the backers, the moneymen, who both fed
and starved him according to their preference. Tesla's individual wealth was never enough to
linance his own projects, and when his projects cost more than expected, as they inevitably
did, he would throw himself on the mercy of a series of investors and benefactors. Throughout
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his life Tesla's finances swung from copious amounts of cash -which were soon invested in
new machinery and inventions - to mountainous debts.

In early 1899 Tesla secured new investment from a number of wealthy individuals
including Col. John Jacob Astor, owner of New York's Waldorf Astoria Hotel. With this
money he set up an elaborate laboratory in Colorado Springs, where he unleashed artificial
lightning discharges of several million volts (blowing up the local generating station in the
process). Tesla was convinced that he could transmit radio signals hundreds, even thousands
of miles around the globe. In the 1890s he had secured patents on many aspects of radio
transmission. In late 1900 Tesla needed a large investment if he were to get his Worldwide
Wireless Telephone Transmitter to deliver its promise. After false starts with a number of
investors he approached J. Pierpont Morgan, who had been Edison's backer during the early-
days of Edison's DC developments. Morgan's habit was to own 51 per cent of everything he
became involved in, and when Tesla approached him with plans for his worldwide radio
broadcasting system, the magnate Morgan was happy to forward him $150,000 secured on 51
per cent of Tesla's interests in his own radio patents.

Tesla did not tell Morgan his hidden agenda, which he had earlier confided to the now
unsupportive Westinghouse:

"You will know of course that | contemplate the establishment of such a communication
merely as the first step to further and more important work, namely that of transmitting power.
But as the latter will be an undertaking on a much larger and more expensive scale, | am
compelled to first demonstrate such feature to get the confidence of capital.” [10]

Through his experiments he had become convinced that there were ways to transmit
unlimited amounts of electrical energy to any point on the globe without using any
conventional transfer medium such as copper cable. Writing later in 1900, he described how
he had developed his ideas:

"For a long time | was convinced that such a transmission on an industrial scale could
never be realized, but a discovery which | made changed my view. | observed that under
certain conditions the atmosphere, which is normally a high insulator, assumes conducting
properties, and so becomes capable of conveying any amount of electrical energy." [11]

But in order to carry out all the experiments, he needed to first put in place the worldwide
radio broadcasting station. He had already proved to his own satisfaction that he could
broadcast and receive signals over seven hundred miles, and now he offered Morgan the
possibility of both transatlantic and transpacific radio communication. Tesla quickly
purchased 200 acres of Long Island, which he christened "Wardenclyffe". The money was
soon being spent on the transmitting tower that would be Tesla's landmark, the symbol of his
life's vision. Wardenclyffe tower was 187 feet high and topped with a massive fifty-five-ton
mushroom-like dome. This contained Tesla's most important component - the magnifying
transmitter capable of generating oscillating signals of some hundreds of millions of volts.

In the two years or so that it took Tesla to build the transmitter he had developed two
major problems. With escalating costs and long delays he was now in desperate financial
straits. His second problem was Marconi, who had, on 12 December 1901, sent the first
wireless signal from Cornwall, England, to Newfoundland. What Morgan, and many others,
did not know was that Marconi was using Tesla's radio patents, which were to become the
focus of much dispute before Tesla's primacy was established in 1943.
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Nor did Morgan appreciate how Marconi was able to achieve this with much less

equipment and cost than Tesla was employing. He also didn't know, but was about to find out,
Tesla's hidden power agenda. Tesla had already filed a patent relating to the wireless
transmission of power (US Patent No. 787,412 "Art of Transmitting Electrical Energy through
the Natural Medium™) and would later apply for a more important US Patent, No. 1,119,732
"Apparatus for Transmitting Electrical Energy", based on his work at Wardenclyffe. In his
comprehensive vision every person on the planet would have a receiver, which, just like a
radio, they could tune to receive unlimited, unmetered power.
When, on 3 July 1903, Tesla made his final plea for more finance, he threw himself on
Morgan's mercy, a quality that the magnate had never shown in any abundance: "If I could
have told you such as this before, you would have fired me out of this office .. .Will you help
me or let my great work - almost complete - go to pots?” [12]

Morgans reply came on 14 July: "I have received your letter ...and in reply would say |
should not feel disposed at present to make any farther advances,"[13]

In a Promethean display of anger, the next night saw the skies around Wardenclyffe tower
lit up with massive streaks and bolts of Tesla's artificial lightning, powered by the magnifying
transmitter. But it was to be the last show of its kind. Neither Morgan nor Westinghouse, and
none of the other big money people, were willing to start a new electrical revolution when
they were still reaping the profits of the first revolution that Tesla had played his part in.

In the end, Wardenclyffe tower was demolished for scrap and Tesla moved on to more
"acceptable” projects. Yet his desire to make energy freely available would never go away.

Tesla's Free Energy Devices

The wireless transmission of power was, essentially, a distribution technology. It still relied
on a conventional power generation method such as coal and steam turbine to produce the
enormous amounts of power it would have required. Since many years earlier, however, Tesla
had been fascinated by the idea of new, untapped energy sources. In one of his famous
lectures of 1892 he told an astounded audience:

"Ere many generations pass, our machinery will be driven by a power obtainable at any
point of the universe... Throughout space there is energy. Is this energy static or kinetic? If
static, our hopes are in vain; if kinetic - and this we know it is, for certain - then it is a mere
question of time when men will succeed in attaching their machinery to the very wheelwork
of nature.” [14]

In June 1900 in The Century Illustrated Magazine Tesla wrote what he considered to be the
most important of all his articles, "The Problem of Increasing Human Energy.” The article
was radical, even sensational, in its ideas and caused a significant controversy amongst both
scientists and the general public at the time of its publication.

"Whatever our resources of primary energy may be in the future, we must, to be rational,
obtain it without consumption of any material. Long ago | came to this conclusion, and to
arrive at this result only two ways appeared possible - either to turn to use the energy of the
sun stored in the ambient medium, or to transmit, through the medium, the sun's energy to
distant places from some locality where it was obtainable without consumption of material.”

[15]

Among many ideas for energy generation in the future, Tesla put forward a radical thought
experiment:
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It is possible, and even probable, that there will be, in time, other resources of energy
opened up, of which we have no knowledge now. We may even find ways of applying
forces such as magnetism and gravity for driving machinery without using any other
means. Such realizations, though highly improbable, are not impossible. An example
will best convey an idea of what we can hope to attain, and what we can never attain.
Imagine a disk of some homogeneous material turned perfectly true and arranged to turn
in frictionless bearings on a horizontal shaft above the ground. This disk, being under
the above conditions perfectly balanced, would rest in any position. Now it is possible
that we may learn how to make such a disk rotate continuously and perform work by the
force of gravity without any further effort on our part: but it is perfectly impossible for
the disk to turn and do work without any force from the outside. If it could do so, it
would be what is designated scientifically as a "perpetuum mobile,” a machine creating
its own motive power. To make the disk rotate by the force of gravity we have to invent
a screen against this force. By such a screen we could prevent this force from acting on
one half of the disk, and rotation of the latter would follow. At least, we cannot deny
such a possibility until we know exactly the nature of the force of gravity. Suppose that
this force were due to a movement comparable to that of a stream of air passing from
above toward the centre of the earth. The effect of such a stream upon both halves of the
disk would be equal, and the latter would not rotate ordinarily; but if one half should be
guarded by a plate arresting the movement, then it would turn. [16]

A screen against gravity? Even now such an idea delights and tantalizes - as does his
other assertion that all we needed for free energy was a magnet with one pole, or else a way of
shielding magnetism. This assertion has led to much experimentation into “permanent magnet
motors"” - motors that have no motive force apart from that of their own magnetism, hi the
1920s Werner Heisenberg, one of the fathers of quantum mechanics, and the progenitor of the
Uncertainty Principle, put forward the idea that we would indeed use magnets as a power
source, despite the conventional theory that says magnets are incapable of doing physical
work.

One of Tesla's many patents (No. 685,957 filed on 21 March 1901 and granted on 5
November 1901) was for an "Apparatus for the Utilization of Radiant Energy" - a machine to
capture the sun's cosmic rays and turn them into electricity. The concept for the device was
relatively simple, and involved putting an insulated metal plate as high as possible into the air.
A second metal plate is inserted into the ground. Wires are run from both into a capacitor.

The sun, as well as other sources of radiant energy, throws off minute particles of matter
positively electrified, which, impinging upon [the upper] plate, communicate
continuously an electrical charge to the same. The opposite terminal of the condenser
being connected to ground, which may be considered as a vast reservoir of negative
electricity, a feeble current flows continuously into the condenser and inasmuch as the
particles are charged to a very high potential, this charging of the condenser may
continue, as | have actually observed, almost indefinitely, even to the point of rupturing
the dielectric. [17]

This simple design for capturing a large electrical charge, and potentially an electrical

current, may well have been the starting point for T. Henry Moray (see Chapter 3 of Keith's
book - Ed. note) and those who have followed his work to turn “radiant energy" into electrical
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current. (In Chapter 9 I look at how the radiant energy or “ether” concept has now been
updated in the light of modern physics.)

Another fuelless energy device Tesla mentioned in his Century lllustrated article "The
Problem of Increasing Human Energy" was a mechanical oscillator, which first appeared in
public at the Chicago World's Fair in 1893. "On that occasion | exposed the principles of the
mechanical oscillator, but the original purpose of this machine is explained here for the first
time."[18] Tesla describes how large amounts of heat can be extracted from i the ambient
medium using a high-speed oscillator, a steam-driven engine used for producing high-
frequency currents.

"My conclusions showed that if an engine of a peculiar kind could be brought to a high
degree of perfection, the plan | had conceived was realizable, and | resolved to proceed with
the development of such an engine, the primary object of which was to secure the greatest
economy of transformation of heat.” [19]

Tesla envisioned the mechanical oscillator as part of a technology to capture differentials
in energy — a form of energy pump — but he was, it appears, finally defeated not just by the
complexities of the other components that would be required, but also by the economics of the
project:

"I worked for a long time fully convinced that the practical realization of the method of
obtaining energy from the sun would be of incalculable industrial value, but the continued
study of the subject revealed the fact that while it will be commercially profitable if my
expectations are well founded, it will not be so to an extraordinary degree." [20]

One of the initial spurs for his work on "energy pumps" had been Lord Kelvin, who had
stated that it was not possible to build a machine which could extract heat from its
surrounding medium and utilize the energy gained to run itself. In one of his many thought
experiments Tesla pictured a very tall bundle of metal rods, extending from the earth to outer
space. Since the earth is wanner than outer space, heat would be conducted up the metal rods
together with an electric current. All that would be required to capture the current would be a
very long power cable to connect the two ends of the metal bar each to an electric load such as
a battery or motor. A motor should keep running continuously, Tesla believed, until the earth
had cooled to the temperature of outer space - something which, depending on the size of
such a device, might never happen: "This would be an inanimate engine which, to all
evidence, would be cooling a portion of the medium below the temperature of the
surrounding, and operating by the heat abstracted.” [21] By such means, Tesla contended,
such a machine could produce energy without “the consumption of any material” - his key
ideal.

Tesla and Faraday's Unipolar Dynamo

Michael Faraday, discoverer of the laws of electromagnetic induction, was the inventor of
the first electric motors in the 1830s. One of his stranger, and often neglected, devices was the
unipolar dynamo (discussed in Chapter 4 of Keith's book - Ed. note), consisting of a metal
disk rotating between magnets in order to produce electrical current. Tesla's involvement with
the unipolar, or homopolar generator, led him to believe that it might be capable of acting as a
"self-activating" generator. Indeed, in 1889 he filed and received a patent for the "Dynamo
Electric Machine" based on Faraday's original design, but with an improved design intended
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to increase its efficiency by reducing its drag or back torque, Tesla was postulating that if the
back torque could be engineered to work in the direction of movement, rather than against it
then the machine could be made self-sustaining. While Tesla was not able to achieve such a
feat in his lifetime, his, and Faraday's, ideas were to be picked up by a number of researchers
including Bruce DePalma - inventor of the N-machine - in the 1970s and '80s.

These are not the only attempts Tesla made to develop a fuelless energy generator, but just
how far he got in his quest is far from clear. Tesla himself clearly stated that he had achieved
energy generation from a new energy source on a number of occasions, although he was not
always forthcoming about the technology behind his claimed achievement. On 10 July 1931,
for instance, The Brooklyn Eagle carried an article in which Tesla was quoted: "l have
harnessed the cosmic rays and caused them to operate a motive device. "More than twenty-
five years ago | began my efforts to harness the cosmic rays and | can now state that | have
succeeded.”

On 1 November 1933 Tesla made a similar claim in the New York American, under the
headline "Device to Harness Cosmic Energy Claimed by Tesla™: "This new power for the
driving of the world's machinery will be derived from the energy which operates the universe,
the cosmic energy, whose central source for the earth is the sun and which is everywhere
present in unlimited quantities.”

These two articles, written during Tesla's later creative phase, demonstrate his concern to
solve "the energy problem"” which he saw before him. While he had been critically
responsible for the expansion of electricity use, he also felt a passionate need to conserve the
coal reserves for future generations.

In November 1933 he was asked by a journalist from the Philadelphia Public Ledger
whether his fuelless technologies would upset the present economic system. "Dr Tesla replied,
"It is badly upset already.” He added that now as never before was the time ripe for the
development of new resources."

Summary
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So why haven't we seen any of these free energy technologies working? There is little
doubt that Tesla was one of the great scientific geniuses not just of his own time, but perhaps
of the entire twentieth century us well, but the reasons why his technologies were not
developed may be complex.

Some researchers have claimed that, like Leonardo da Vinci, he was not just fifty or a

hundred years ahead of his time, but perhaps many hundreds of years in advance of
contemporary thinking. Scientific and technological ideas need support, both intellectual and
financial, if they are to thrive.
Is it possible, then, that new generations of scientists have not been able to develop his
visionary ideas into physical technologies? This question bears on the notion of genius in
science, as opposed to genius in the arts and other fields of endeavor. While we accept that no
one else could have written Beethoven's symphonies or Shakespeare's plays, it seems harder
to accept that science is subject to the same vagaries of human beings. Even though Galileo
Galilei, Michael Faraday and Albert Einstein possessed unique minds, we often assume that if
theyhadn't "come up with" their discoveries someone else would have done the same pretty
soon after. Perhaps that assumption is erroneous, or at least, highly limited. If it hadn't been
for Tesla it is quite possible that we would have developed a much more primitive and limited
electrical system based on small generating stations every few miles.

Once Tesla had brought about one electrical revolution, the world was not ready for
another, even more radical development of electrical power. The commercial powers that
controlled the electrical landscape - based as it was on a distributed network of copper cable -
had no interest in throwing away their investment in favor of the wireless, and potentially
costless, transmission and reception of electricity. They seem to have had even less interest in
Tesla's ideas of free-energy technologies. T. Henry Moray, who adopted some of Tesla's
ideas in his radiant energy device (see Chapter 3 of Keith's book - Ed. note) faced many of
the same oppositions that Tesla faced. While we can thank Tesla's genius for bringing
distributed AC electricity to most of the world, we have yet to receive the gift he really
wanted to give. In his more enlightened times Tesla himself maintained a balanced view:

"l anticipate that many, unprepared for these results, which, through long familiarity,
appear to me simple and obvious, will consider them still far from practical application. Such
reserve, and even opposition, of some is as useful a quality and as necessary an element in
human progress as the quick receptivity and enthusiasm of others... the scientific man does not
aim at an immediate result. He does not expect that his advanced idea will be readily taken up.
His work is like that of the planter - for the future. His duty is to lay the foundation for those
who are to come, and point the way." [22]

Eventually on 7 January 1943 Tesla ended his days, alone and poor in a shabby New York
hotel where only a few pet pigeons shared his thoughts.

(With a Foreword by Arthur C. Clarke, Keith's book is a fascinating collection of scientific
stories on pioneers as Tesla, Moray, Faraday, and many others, along with chapters on Swiss
ML Converter, cold fusion, Blacklight Power, zero-point energy, an energy primer, and Tesla
patents. - Ed. note)

Keith Tutt can be reached through Street Farm, Topcroft, Bungay, Suffolk, NR35 2BL, UK
keith@thesearchforfreeenergy.com
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1 Tesla's History In Western New York

Thomas Valone, M.A., P.E.

Reprinted from Proceedings of the International Tesla Symposium, 1986

Introduction

Home of the 'Tesla Memorial Society of the US and Canada", Western New York
has a rich history of being touched and brought to life by Nikola Tesla:

1) Niagara Falls, New York was the first city in the world to have commercial
alternating current generation of electricity, owing to Tesla;

2) Buffalo, New York was the first city in the world to receive electric power
generated from a long distance away (22 miles) because of Tesla;

3) Buffalo, New York was the first city in the nation to have electric street lights
thanks to Tesla.

Spending most of my life in Buffalo, and lots of enjoyable hours in Niagara Falls, it
is my great yet humble pleasure to bring to you tonight an historical travelogue; a
trip back in time, to the 1890's when the excitement and thrill of Tesla's fame was
felt by everyone in Western New York.

Sit back, relax, and get ready to experience what it was like to live in that period, just
as the transformation of these two cities was taking place. For the first time, articles
from the Niagara Gazette (1893-1897) have been uncovered, including an interview
with Tesla on the occasion of his first visit to the newly erected Adams Plant. Let's
see how electrical power was extracted from Niagara Falls, from the Adams, to the
Schoellkopf, and finally the Robert Moses Power Plant. We'll examine the mistakes
that were made as well as how Niagara Falls, New York, has tried to commemorate
the "greatest electrician that ever lived," Nikola Tesla.

To begin with, I'l read a passage from Tesla's Magnifying Transmitter by Dr.
Andrija Puharich, a book that is in the hands of Dell Publishers at this time.

In 1890, the Morgan financial group had started a company to try to develop
the electric power potential of Niagara Falls. It was called the Cataract
Construction Company, and its president was Edward Dean Adams. An
International commission was chaired by Lord Kelvin. The commission found
that none of the plans were feasible. So the Cataract Company asked for plans
and bids from companies in order to get the work under way. It was an
incredible personal triumph for Tesla when his concept and plan were adopted
by the commission. In October, 1893, two companies were awarded the
contracts to electrify Niagara Falls: Westinghouse won the contract to build the
AC power plant at the Falls; and General Electric, using licensed Tesla patents,
was awarded the contract to build the transmission lines and distribution
systems to Buffalo, New York, 22 miles away. Tesla had set huge ideas and
forces in motion years ago, and now the tide of industrial civilization was
lifting them higher and higher to the thundering crest of Niagara Falls'
worldwide reputation ...
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On the night of March 13, 1895, a fire broke out in the basement of 33 South

Fifth Avenue and swept through the entire structure — including Tesla's
laboratory. All of his hundreds of invention models, plans, notes, plans, notes,
laboratory data, tools, photographs — all, all were destroyed .. Even as the

disaster of his laboratory loss was still ashes in his heart, the power from
Niagara Falls began to flow in August, 1895 - Tesla's greatest triumph to date.
The builders and backers of this biggest of all electrical power plants on the
planet were highly pleased with the success of the Tesla polyphase system. [1]

We have three dates to keep in mind:
1893 - start of the Adams Plant, contract awarded
1895 - power turned on at the completed Adams Plant
1896 - power sent 22 miles to Buffalo, for the first time.

Figure 1. Nikola Tesla. - Introducing Nikola Tesla.

Now starting off with a picture of Tesla, from a small rare booklet found in the
Niagara Falls library entitled Introducing Nikola Tesla by Thomas L. Richardson of
the Tesla Research Headquarters of Canada, let us look at some of the articles of
Tesla's time from the same library.

Biggest Motor in the World

An article entitled, "Biggest Motor in the World" appeared in the Niagara Gazette.
August 24,1897. In 1897 they installed a 400 horsepower motor in Niagara Falls.
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The caption under the title says "the biggest alternating current machine will operate
on the regular 2,000 volt current, from the Power House generators, without the use
of a convenor -- built for the Electric Light Plant." The article goes on to report:

Anything new in electrical machines is interesting in Niagara Falls where so
much electricity is flying around, and consequently the news of a new motor
being installed in the power house of the Buffalo and Niagara Falls Electric
Light and Power Company, that is the largest of its kind in the world, is not
without its interesting features.

When it is said that the new motor is 'the largest of its kind' it is an essential
fact in this story. There is a motor larger, but not of the most modern type.

The new machine is what is familiarly called a Tesla Induction type motor. It is
built on the design of Tesla, who discovered a method of using an alternating
two-phase electric current for operating a motor after other electricians had
tried and failed to discern this method. It was considered one of Tesla's
greatest achievements to discover this method for many reasons, but chiefly for
its economical features....

Tesla's Renown

The earliest article to be examined is one entitled, "Tesla's Renown" from the
Niagara Gazette. May 29,1893:

The subtitles read, "A young man who is becoming known to the world as the
greatest living electrician. Niagara power over the sea. To perform this feat is one
of his dreams -- power enough to drive every railroad, propel every ship and produce
every article manufactured.” The rest of this short article is reproduced in its
entirety:

Nikola Tesla has been called by scientific men, who do not award praise freely
or indiscriminately, ‘'the greatest living electrician.’ At the recent convention of
electricians held in St. Louis a well-known electric journal issued daily
bulletins or ‘extras’ giving a list of the delegates and distinguished attendants as
they arrived at the convention, a program of the day's proceedings and a special
article of immediate interest having reference to the current discussions of the
convention.

One evening during the session of the convention, Mr. Tesla lectured on some
of his recent experiments. The bulletin for that day contained a brief account of
his life. So great is the interest taken in this young man that over 4,000 copies
of the journal containing this biographical sketch were sold on the streets of St.
Louis -- something unprecedented in the history of electrical journalism -- and
in the evening his lecture, in the Grand Music Entertainment Hall, was listened
to by a larger audience than had ever been gathered together before in the
United States on an occasion of this kind. Many were glad to purchase
complimentary tickets at $4 or $5 apiece.

It is singular that this remarkable man comes to us from one of the smallest and
least known nations of Europe, Montenegro; that he is a young man (only 30
years of age), and that the best scientific minds believe that he has only begun
to give the world the result of valuable researches.

The following is taken from an interview with Mr. Tesla by a New York Herald
reporter. "In this great country (of which | am proud to be a citizen) we have
water powers which, in aggregate amount, are sufficient to supply all the needs
— in fact, far more than the needs - of the whole human race. Take, for
instance, Niagara. This famous waterfall is estimated variously all the way
from five to six millions horse-power. Now 1,000,000 horse-power economi-

53



cally directed would light every lamp, drive every railroad, propel every ship,
heat every store, and produce every article manufactured by machinery in the
United States.

"It will not be long before we can transmit that power under quite practical
conditions by means of wires with the alternating system over distances as great
as 1000 miles. Engineers now object to the wuse of very high pressure which

would be necessary in such transmissions of power. But | believe the time will
come when we shall transmit that energy without any wire.
"Since | have experimentally proved that we can get back electric impulses

over one single wire without any return we may avail ourselves of the earth as a
medium of transmission as one difficult obstacle to overcome. In fact, the only
serious objection to this scheme is to find a means to concentrate the energy of
vibrations spread over a great area on one spot.

"If this power is to be transmitted across the ocean, it will of course involve the
expenditure of an enormous quantity of energy. It has been suggested that 1 can
produce a set of lenses made of asphaltum or gutta percha or any other good
so-called non-conductor of electricity, and can concentrate these rays, or waves,
to a focus where their effect would be powerful.

"This plan if at all practicable, could be applied as well across the Atlantic as it
could at shorter distances on land.

"Electricity is becoming more and more an important factor in our daily life and
more and more closely connected with our comfort. | think, after a consider-
able lapse of time, it will become practically necessary for our existence. For
instance, there is the question of light The advantages of the electric light are
so great that even with the present wasteful methods we have been able to
succeed in making practical use of it.

"But what will be our success when we shall be able to produce a hundred
times as much light as we do at the present day? To do this is merely a
question of time. Electric power is obtained by the wuse of dangerous,
cumbersome and complicated appliances. But we have electric machines now,
which require no attention whatever, and which will, in a few years, supplant
all other motors, simply because of their higher efficiency and ideal simplicity.

"Even now the cost is very great. Eventually we will very likely be able to heat
our stoves, warm the water and do our cooking by electricity, and in fact, to
perform any service of this kind required for our domestic needs.

"It has been said that it will be wunpracticable to heat our houses by means of
electricity on account of the great cost, but as | have said we are now looking
for other methods of getting electrical energy cheap. Even with the present
methods any rich man certainly prefers, instead of a stove in his room, to have
it wanned by electricity. The method is expensive but ideal.

"Electric energy can be applied to bicycles, carriages and all sorts of vehicles.
It will certainly be applied to rowboats and will probably be so cheap that any
man in ordinary circumstances can own a boat and propel it by this means. It
would be a gloomy prospect indeed for the world if we did not think that this
great power will be wused to the advantage of the vast majority of the human
race and its benefits will not be confined merely to the wealthy.

"Some years ago | demonstrated that a lampate filament could be made to glow
from a current from the human hand. The light coming from the hand is
produced by the agitation of the particles of molecules of the air. | charge my

body with electricity, and from an apparatus which | have devised, | can make
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the electricity vibrate at the rate of a million times a second. The molecules of
the air are then violently agitated, so violently that they become luminous; and
streams of light then come out from the hand.

"In the same manner | am able to take in the hand a bulb of glass filled with
certain substances and make them spring into light; | make light come to an
ordinary lamp in a similar way, simply by holding it in the hand.

"When | was in London | had the pleasure of performing one of these
experiments privately before Lord Rayleigh. 1 shall never forget the eagerness
and excitement with which that famous scientist saw the lamp light up. 1 can
only say that the appreciation of such men simply repays me for that pains |
take in working out such phenomena."

Tesla's Dream

Another article entitled Tesla’'s Dream" is taken from the Niagara Gazette.
November 22,1893. This is still when plans were getting under way at Niagara Falls
and they had just signed the contract. The excitement is building. Tesla has a plan
to send Niagara Falls power through New York "by electricity's aid." "All eyes on
Niagara Falls. Superintendent of Public Works, Hannan feels that the Niagara power

can wire the Canal and propel the boats — Governor Flower given some advice,"
read the subtitles.

This is an interesting sideline to the Adams Plant project that never actually took
place but let's read about it:

An Albany special has the following in regards to the recent test of the
possibilities of electric propulsion of canal boats; Edward Hannan, the Superin-
tendent of Public Works, is highly gratified over what he considers the
successful  demonstration on the Erie Canal at Brighton last Saturday that
electricity can be wused in the propulsion of canal boats. Speaking about the
experiment today he said:

"l think it was clearly made evident at Brighton that canal boats, by using the
trolley system of supplying themselves with electricity for electric motors, can
get sufficient power to be driven with their ordinary cargoes from one end of
the Erie Canal to the other. As to the cost of putting trolley wires along the Erie
Canal and of supplying electricity, as well as the cost of putting electric motors
in the canal boats - this will have to be learned by many computations."

"Do you favor the suggestion that the State should put up the trolley wires?"

"I do not. The governor asked my opinion of the State's undertaking such a
work and | told him that in my judgement it was not feasible for the State to put
up electrical wires or go to any expense of like nature; that it ought to be left to
private enterprise. In  my opinion this Niagara Falls Electric Power Company
will eventually be able, if it chooses to do so, to put up trolley wires all along
the line of the Erie Canal and supply electricity for the canal boats."

Commenting on the declaration of the superintendent, George Wesringhouse,
Jr., when asked by the writer on Saturday what distance it would be

commercially profitable to send electricity, replied: "I think that now it can be
sent with profit a distance of 200 miles."

Nikola Tesla, the eminent electrician, said to the writer: "I have plans for
sending electricity from Niagara Falls to New York City — plans which |

believe will ultimately be accepted by capitalists and carried out.”
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Note how Mr. Westinghouse was already conceiving of a distance 10 times greater
than the distance from Niagara Falls to Buffalo, which still had not been accom-
plished at that time.

Testa's Great Ideas

One day later, another article appeared in the Niagara Gazette entitled, "Tesla's
Great ldeas,” November 23, 1893. The subtitle reads, "W. R. Rankine talks of them
— Nothing would surprise him - thinks that possibly some of his plans will be
brought to a practical reality — satisfied with progress of the work." Then the article
begins (reproduced in its entirety):

William R. Rankine, secretary and treasurer of the Cataract Construcion
Company, arrived in the city this morning from New York looking extremely
well and happy.

Mr. Rankine dined at the Prospect House today and was interviewed by a
GAZETTE representative on matters in general.

"How is work progressing on the works, Mr. Rankine?"

"Very satifactorily indeed! The contracted work is being pushed along and is
progressing as rapidly as one would wish."

"What is your opinion of this matter of electricity on the canals?"

"I think it gives the newspapers a fruitful topic for discussion and the public
something to think about."”

"What about Tesla's project of transmitting electricity from Niagara Falls to
New York?"

"Tesla is always ahead of the procession and | have come to that point where
there is nothing astonishing to me in anything this remarkable man may
propose. It would not be surprising to me to see some of his wonderful ideas
brought to a practical reality in the near future."

Nikola Tesla, An Accurate Sketch

Now we are getting to 1894 just before the power is turned on at Niagara Falls. The
article is entitled, "Nikola Tesla, An Accurate Sketch of the Wonderful Serbian
Wizard Who Deals in Electricity." Subtitled, "His remarkable genius. Sees ‘'the low
lights flickering on tangible new continents of science’ — inherits his inventive turn
from his mother - early history of a romantic life."

Right next to this article is found another of a decidedly less scientific nature:
"Malaria and Epidemics Often Avoided by Partaking of Hot Coffee in the Morning."
We can see the state of discernment of the scientific method in those days.

I'll just quote the first paragraph here since it is available elsewhere:

The readers of the GAZETTE will appreciate the following sketch of Nikola
Tesla, the famous electrician who has frequently visited here. It is taken from
the February Century and is by Thomas C. Martin. Nikola Tesla was born in
Serbia, a land so famous for its poetry that Goethe is said to have learned the
musical tongue in which it is written, rather than lose any of its native beauty.
There is no record of any one having ever studied Serbian for the sake of
Serbian science; and indeed a great Slav orator has recently reproached his one
hundred and twenty million fellows in Eastern Europe with their utter inability
to invent even a mousetrap. But even racial conditions leave genius its

56



freedom, and once in a while nature herself rights things by producing a men
whose transcendent merit compensates his nation for the very defects to which
it has long been sensitive ...

Electric Lighting

In the next article, where Tesla is interviewed, we note that he will refuse to discuss
his new invention, the electric arc lamp, that was keeping him busy while the Adams
Plant was being completed. Here is an interesting article that reveals efficiencies for
incandescent lamps that still have not been surpassed today. Let's take a look at a
short article that appeared in the Niagara Gazette. May 22, 1896, entitled, "Electric
Lighting." "Nicola Tesla Has a New Scheme Which Will Revolutionize The Present
System” reads the subtitle.

New York, May 22. Nicola Tesla has solved the problem which he set before
himself many vyears ago and which may revolutionize the system of elec-
tric-lighting. It is, electrical experts say, the nearest perfect adaption of the
great force to the use of man.

In Mr. Tesla's laboratory in Houston Street is a bulb not much more than three
inches in length, which when the current turns into it, becomes a ball of light.
The heat is almost imperceptible. With it a very large room is so lighted that it
is possible to read in any corner. Yet this is done without the attachments
necessary in existing lights.

The rays are so strong that the sharpest photographs may be taken by them.

No new dynamo is required to produce the current. The bulb is attached to a
wire connected with the street current. There is no danger of harmful shock in
its use.

Mr. Tesla has been working for many years on his theory of the necessity and
practicability of the conservation of electrical energy. The present incandescent
light gives only three per cent of illuminating power. The other 97 per cent is
wasted in heat

The bulb which he has perfected gives 10 per cent of light and loses 90 per cent
of energy. He declares that he will, with the aid of a few more experiments, be
able to produce 40 per cent of light, so that the waste will be reduced to only 60
per cent, or 37 per cent less than at present.

This article is no less than amazing because today our incandescent bulbs still check
in at about 3 per cent efficiency. Where did Tesla's invention go?

Nikola Tesla, An Interesting Talk

Now we get to what | believe is the most exciting article of all. Here is an actual
interview with Tesla just after the power is being turned on at the Falls and Buffalo
is just about to get some of the power (not reprinted or available anywhere else in the
literature). Here Tesla is visiting the Niagara Falls Adams Plant to inspect the work
that has been finally finished according to his design. The article, from the
Niagara Gazette. July 20, 1896, is entitled, "Nikola Tesla, An Interesting Talk with
America's Great Electrical Idealist.” The subtitles read, "Remarkable personality.
The dreamer in science was in the city yesterday, inspecting the wonders which had
been achieved in harnessing Niagara. He had but little to say. Mr. Tesla was here
with George Westinghouse, President Adams of the Cataract Construction Company,
Commodore Melville of the United States Navy, Mr. William R. Rankine, and other
distinguished men." The article, a real gem, is quoted in its entirety:
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Nikola Tesla, the brilliant Serbian electrician who believes that ultimately
electricity, generated by flying atoms, will be pumped out of the ground for use
anywhere, was a visitor at Niagara Falls yesterday.

He was accompanied by Edward D. Adams, president of the Cataract
Construction  Company; George  Westinghouse, president of the Westinghouse
Electric Company; his son, Herman H. Westinghouse of New York; Thomas D.
Ely, superintendent of motive power of the Pennsylvania Railroad; Commodore
George W. Melville, chief engineer of the United States navy; Paul D. Cravath,
counsel for the Westinghouse Company, and William R. Rankine, secretary of
the Cataract Construction Company.

It is a difficult thing to interview Nikola Tesla, but to sit down and talk with
him, man to man, iIs a privilege to be enjoyed and remembered. One seldom
meets a man more free from affections and self-conciousness. He does not like
to talk about himself and when the subject comes up he is sure to steer away
from it as soon as possible.

With due apologies to Mr. Tesla for so much personality, it may be said that he
has the same cast of countenance as Paderewski -- long and thin, with fine,
clean cut features, long forehead, and a certain gleam of the eye that denotes
what might be called spirituality. Anyone who has read of the personality of
Edgar Allan Poe and who has also had the pleasure of a talk with Tesla, would
feel instinctively that the unhappy inspired child of Parnassus and the Serbian
electrician would have found much in common if they had ever met

Tesla is an idealist, and anyone who had created an ideal of him from the fame
that he has won, will not be disappointed in seeing him for the first time. He is
fully six feet tall, very dark of complexion, nervous, and wiry. Impressionable
maidens would fall in love with him at first sight but he has no time to think of
impressionable maidens. In fact, he has given as his opinion that inventors
should never marry. Day and night he is working away at some deep problems
that fascinate him, and anyone that talks with him for only a few minutes will
get the impression that science is his only mistress and that he cares more for
her than for money and fame.

He had one of his rare moments yesterday when he could be induced to talk of
science and when asked of the advances made in the problem of transmission,
with earnest face and eyes fairly ablaze, he said, "There is no obstacle in the
way of the successful transmission of power from the big power house you
have here. The problem has been solved. Power can be transmitted to Buffalo
as soon as the Power Company is ready to do it."

As the famous electrician grew enthusiastic he gestured with his hands which
are apparently trustworthy indicators of his nervous condition. They trembled a
little as he held them up and the conclusion to be drawn from them was that
their possessor was a man of tremendous nervous energy.

Mr. Tesla is a man between 38 and 39 years of age and looks even younger. He
was born in a town called Smiljan in Serbia on the borderland of Austria-Hun-
gary. His father was an eloguent preacher of the Greek Church, and his mother
was a woman of remarkable ingenuity. He had an inherited taste for mechan-
ics, and it is his mother's blood that makes him what he is.

Tesla Interviewed
The article continues:
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A squad of Buffalo and local newspaper men greeted the visitors as they
emerged from the dining room of the Cataract House yesterday afternoon and
Secretary  Rankine  courteously  introduced the reporters to his  distinguished
guests.

Mr. Tesla's first visit to this city made him the object of much interest, and
while decidedly backward in interviews he was a most agreeable talker. He
said, "I am just off of a sick bed and not very strong yet," when first greetings
were over. "Yes this is my first visit to Niagara Falls and to the power house
here. Oh, it is wonderful beyond comparison; these dynamos are the largest in
the world. Ft always affects me to see such things. The shock is severe upon
me."

"What do you think of the project of transmitting power to Buffalo?" he was
asked.

"It is one of the simplest propositions,” he said. "It is simply according to all
pronounced and accepted rules, and is as firmly established as the air itself."

"Do you think that the cost will be less for power transmitted than for using
steam power?"

"Certainly. Even if steam was as cheap as electricity, it would be a full steam
plant and never be reduced in quantity to be less than 25 per cent of the full
power no matter how small the quantity is that you wuse, while electricity the
moment you shut it off, costs nothing."

"What is your opinion of Buffalo's prospects with such great power so near it
and so easily obtained?"

"It is an ideal city with a great future, a wonderful future before it." Further on
he said: "Niagara Falls has the greatest future of all. For here it will be the
cheapest to obtain power and its limit is hard to imagine.” In regard to
transmission, Tesla asserted that it is cheaper to transmit power in large
quantities than in small quantities; the larger the force the less the loss in
transmission, and in this connection Secretary Rankine stated that power would
be transmitted to Buffalo not later than November of this year. The contract for
completing the pole line would be let this week, and by November the company
would send all the power they could spare to that city. This would not exceed
1,000 horsepower. Next year, when the new dynamos are ready, this amount
would be increased as rapidly as the demands for it came in.

Mr. Tesla said that he was not prepared to talk on his latest invention, the new
vacuum light. He was devoting his energy and study to the subject of
transmission and insulation in order to bring it down to as near a perfect point
as possible. He said he was going back to his laboratory from here and begin to
work zealously on the important matters referred to.

Mr. George Westinghouse, who was among the group and who stands
preeminent in the electrical world, regarded the conversation with much interest
and good nature. He spoke to the Buffalo men present in the most flattering
manner of the outlook for that city, but of course he said Niagara Falls was
bound to receive the first and greatest benefits of the development of power
here. "It will be Greater Niagara first,” he said, "but Buffalo's possibilities are
to be made marvelous as well." From his practical mind the project of power
development for this city and Buffalo seemed unlimited.
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In regard to the comparative cheapness of power in Buffalo he said that were
electricity as high in price as steam it would be cheaper for use, as there was
nothing required in the way of skilled labor to use it. Anyone could shut it off
and turn on an electric current, but only a few could run a steam engine. Then
the convenience of electrical power over steam power in manufacturing was so
great that its value was manifold in this direction. The cost, however, in
Buffalo for electric power transmitted from this city, he did not know as he was
not connected with the power company. Secretary Rankine came to his aid
here and said, "You can say it will cost one half what steam power cost there."

"Mr. Tesla, what is your opinion of the effect of this development of power on
Buffalo and Niagara Falls,” was asked of the great inventor as he was turning
away.

"The effect will be that both cities will stretch out their arms until they meet,"
he said in an enthusiastic manner, which indicated the true characteristics of the
man so clearly.

Secretary Rankine stated that the object of the party here was purely one of a
personal nature. The company has adopted Tesla's system of a two phase
current for transmitting power and they also use two of Tesla's motors for
starting the big dynamos and Mr. Westinghouse has made all of the machinery
for the company and consequently both men were interested in the plant here.
The visit of Commodore Melville of the navy was one of inspection. That
officer is deeply interested at present in improving in every way possible the
electrical machinery on the new warships now being built He was the guest of
the Power Company's officials and took great interest in all he saw here.

The visitors departed yesterday afternoon on the West Shore for New York at 5
o'clock.

Celebration

The last article that | discovered was printed during the time of celebration of the
great accomplishment of AC power generation and transmission to the distant city of
Buffalo. Dated January 11, 1897, this article from the Niagara Gazette is entitled,
"Are Coming to This City" with subtitles, "Many prominent men who are interested
in the big power development; Important meeting to be held; The directors of the
Cataract Construction Company will probably take some important steps regarding
new contracts. The visitors will attend a great banquet in Buffalo tomorrow night."

Knowing the historical value of this last article to mention Tesla, let me take the
liberty of quoting it in its entirety:

Tomorrow morning a special car will bring to this city from New York nearly
all the directors of the Cataract Construction Company, also officers of the
Power Company and some of the most noted electricians in the world. A
meeting of the Cataract Construction Company is to be held here, an inspection
of the work in progress made and some important steps are to be taken
regarding new contracts, etc.

Tomorrow night Buffalo will formally celebrate the coming to that city of
electric power for commercial purpose. The celebration is to be in the form of
a banquet given at the Ellicott Club, and to which many distinguished guests
are invited and will be present. This banquet is the only method Buffalo has of
celebrating and to those who are to be present it is a glorious way. The menu is
to be fine, in fact it is to be the very best that any 350 men ever sat down to, and
the main feature of the occasion will be the toasts and addresses made by some
of the greatest men of the day in advancing electrical science and turning it into
practical and commercial benefits. Among those who are to attend are such
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men as Thomas A. Edison, Nicola Tesla, Frank Spragde, the inventor of the
trolley system, Elihu Thompson, inventor of the arc electric light; also E.J.
Houston, an electric light system inventor; Charles F. Brush the original electric
light man; George Westinghouse and a host of others.

The officers of the Niagara Falls Power Company are the only representatives
from this city, with the exception of Albeit H. Porter, who was formerly
resident engineer of the Cataract Construction Company.

The list of toasts had not been completed on Saturday night, but all will be
ready today. One of the speakers is to be Tesla, that is sure, and others will
probably do some talking too."

The Power of Niagara

To get a feel for the untamed power and energy of Niagara Falls, which Tesla
revered even as a child, | will take you on a helicopter ride over the falls.

Figure 2. Bird's eye view of Niagara Falls, includes American Falls, Goat
Island, and the Canadian Falls. — Thomas Valone.

We begin at the lower side of the Rainbow Bridge and gradually approach the
American and Canadian Falls respectively. The Niagara River has an average of
202,000 cubic feet per second water flow. The thundering power of this rushing
water is so loud when one stands next to the falls that we can easily understand why
Tlesla_ was so intent on trying to tap some of it for the large scale generation of
electricity.
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Swinging around the Canadian lulls, also referred to as the "Horseshoe Falls"
because of their shape, we see the land mass between the Falls called "Goat Island"
where the Tesla Statue stands today. Notice also the tour boats, called, "Maid of the
Mist" boats, which go right up to the base of the Horseshoe Falls and spray all of the
passengers with water, while they experience the most magnificent rainbows in the
world.

Generating Stations

A plague has been placed at the site of the earliest power generating station at
Niagara Falls. Located downstream from the American Falls, (very near the spot
where the helicopter started from), the Schoellkopf Hydro-Electric Power Station
was inaugurated on December 14, 1881 by the Niagara Falls Hydraulic Power and
Manufacturing Company, predecessor of the Niagara Falls Power Company. From a
data book supplied by the "Power Authority of the State of New York," we note that
the Schoellkopf plant has been documented as "the first public demonstration of
electricity at Niagara Falls." It involved DC generator arc light machines using the
86-foot drop of a paper company mill shaft. Supplying "the light of 2(XX) candles" to
a few companies in the local vicinity, it awakened everyone to the potential of cheap
electricity from Niagara Falls.
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Figure 4. Aerial view of the American Falls at Niagara Falls. - Pana-vue.

The Edward Dean Adams Hydro-Electric Power Station Number One was inaugurat-
ed on August 26, 1895 by the Niagara Falls Power Company. Currently the
Station's nameplate and the entire archway of the entrance to the huilding stands on
Goat Island directly in back of the Tesla Statue. The Adams Plant Number One
contained ten 5,000 horsepower generators yielding 37,000 kilowatts. A second
Adams Plant (Number Two), doubled that output. The original plant was designed
for 25 Hz only, though "subsequent expansion included conversion to 60 Hz." [2 J

The Schoellkopf Power Generating Station #3A in 1914 had a total output of
130,000 horsepower. It was razed in 1958. Schoellkopf Power Stations #3B and
#3C, completed in 1920 and 1924 respectively, produced a total of 322,500
horsepower. Unfortunately, these two plants were destroyed in an unanticipated rock
slide which occurred in 1956. A beautifully worded plaque is mounted about 20 feet
from the Schoellkopf plaques. Erected by the Niagara Falls Power Company in
1922, it says, "To the engineers financiers scientists whose genius courage and
industry made possible here the birth of hydro-electric power and created the first
five thousand horse power water turbines directly connected to alternating current
generators and inaugurated in America long distance transmission of power by
electricity." Tesla's handiwork made it all possible!
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Figure 5. Aerial view of Schoelkopf plant rockslide. - Tom Valone

Figure 6. Two million kilowatt Robert Moses Power Plant — Tom Valone
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What really happened in 1956 that devastated most of the Schoellkopf plants'.'" Well,
a book entitled. Colossal Cataract shows the before and after pictures. A tremendous
collapse of the cliff above the #3B and #3C plants occurred. The wall was never
finished with the fine masonary work that still covers the #3A cliff on the left to this
day. The entire Schoellkopf facility was rated at 365,000 Kkilowatts before disaster

struck and part of it was restored to 95,000 kilowatts for a couple of years
afterwards.

Within three years after the Schoellkopf Plant #3A was razed, the Robert Moses
Niagara Power Plant was opened, with a capacity of 1,950,000 kilowatts, enough to
supply a city the size of Chicago today with electricity. Its thirteen generators are
the largest of their kind ever constructed by an American manufacturer. For
comparison, the Grand Coulee generators are rated at 108,000 kilowatts. Tesla was
right when he foresaw the enormous power potential of Niagara Falls. The Robert
Moses Plant required 3,650,000 cubic yards of concrete and 284,000,000 pounds of
reinforcing steel. Power is produced at 13,800 volts and stepped up to the current
high voltage Ilimit of 365,000 volts for efficient long-distance transmission. The
Power Plant structure is 1840 feet long and 390 feet high. No rock slide could ever
disturb this installation!

Adams Plant Number One

Now that we have seen the entire progression of electrical power development at
Niagara Falls, let's go back now to the first Adams Plant and examine some of its
details. In Figure 7, we see the actual plant. The next figure shows the interior of
the plant with Board of Directors of the Cataract Construction Company, all wearing
the same style hat, including Edward Adams himself, (the shortest man with the
biggest moustache). Notice the relative size of just one of Tesla's generators,
lowering above the men.

Figure 7. Adams Plant Number One. - Niagara Falls Power Company.
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Figure 8. Board of Directors of the Cataract Construction Company. - Niagara
Falls Power Company

Figure 9. Interior of Adams Plant Number One Powerhouse. - Niagara Falls Power
Company
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Figure 10. Diagram of Adams Plant One Power Distribution. - Niagara Falls Power
Company. Notice that 11,000 volts of 3-phase AC power (top) is being sent to Buffalo,
mostly converted into 550 volts DC for railways and the first street lights in the nation.

68



Figure 11. Aerial viewmap of Niagara Falls, circa 1900. -Niagara Falls Power Company
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Figure 12. Street map of Niagara Falls showing location of the Adams Plant.
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Figure 13. Huge arc formed when opening early DC circuit breaker. - NF Power Co.

These illustrations were taken from various historical books that provide a detailed
record of the Niagara Falls Power Company from its inception. In Figure 9, we can see a
beautiful shot of the interior of the completed Adams Plant #1, with all of the 5000 hp
generators visible. The text noted that two plants were planned each with a 50,000 hp
capacity. Figure 11 shows an aerial view from an old Niagara Falls Power Company
map. (Niagara Falls was officially incorporated as a city only a few years earlier in
1892.) The Falls are close by. Both Adams Plants are shown in the street map, though
I've highlighted the Number One plant. Figure 10 is especially interesting since we can
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see the 140 foot drop below the Adams Plant where the long generator shafts had to
reach, as well as who received the electrical power. Besides a few companies in
Niagara Falls, we see that Buffalo, at the bottom, received 11,000 volt, 3 phase
power, as well as some DC power too.

Ever wonder what it is like trying to stop 11,000 volts at a few thousand amperes?
Well, Figure 13 shows the results. A huge arc is generated by the circuit breaker,
used on the early Buffalo circuit. Figure 14 shows the transmission lines to Buffalo,
following the tradition of telegraph lines, the only example available at the time.

Figure 14. Repair wagon and First Buffalo transmission line. — Niagara Falls
Power Company.

Adam's Plants 1, 2, & 3

The more | looked at the old Niagara Falls map, showing the Adams plant site, the
more | realized that | could probably find it if | went looking. The librarian at the
Niagara Falls library also mentioned that one of the plants was still there as well. So
| set out to photograph the site. In Figure 15 we see the opening to the canal and the
Robert Moses Expressway that now passes over it.

Walking toward the highway and inland we can see how wide the canal is, as we
look toward the spot across the canal where Adams Plant Number Two once stcxxi.
Crossing the hl%hway, I am now standing on the site of the original Adams Plant
Number One (Figure 16). How many people realize that it actually was there?
There are no signs commemorating the site, which was quite surprising. | started to
pick uP a few rocks on the ground, knowing that they probably once were a part of
the building that housed Tesla's generators.
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Figure 15. Robert Moses Expressway over existing Adams Plant canal - Tom Valone

Figure 16. Site of the original Adams Plant Number One - Tom Valone
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Looking across the property of the Sewage Treatment Facillity adjacent to the canal, |
spotted a building that turned out to be Adams Plant Number Three. In Figure 17,
we see the only remaining building of the almost 100-year old trio comprising the
world's first AC power stations. It is simply fenced off, again with no sign
advertising the extraordinary significance of the building. The Niagara Falls Power
Company is now called Niagara Mohawk. An amazing article was discovered from
the February, 1962 issue of the Ontario Hydro News, page 13. In 1961, when the
Robert Moses Power Plant was opened, the original Tesla generators, which kept
working right up until then, were shut down. It was noted in the article that the
Niagara Falls Historical Society, which doesn't exist today, was trying to keep the
Adams Plant as an "electrical museum." The director of the society said, "It will be a
crime if the place is destroyed. The original generators are still there, and it is a
natural setting for an electrical museum." Since no money was obtained to buy the
buildings, both Adams Plants were razed. | am told that at least one of the
generators will be placed in the Smithsonian Museum in Washington, DC.

Figure 17. Modern day site of the original Adams Plant Number Three with
building intact. -- Thomas Valone.

Tesla Statue

The large oversized statue of Nikola Tesla stands on Goat Island in Niagara Falls,
with the only remaining part of the Adams Plant, the entrance archway, in the
background. It is the only full figure statue of Tesla in the world. Created by a
Yugoslavian sculptor, it was unveiled on July 23, 1976, commemorating the 120th
anniversary of Tesla's birth. He looks sad as we see him from the side, studying his
notes, his fingers worn from all of the kids that climb up on his lap. Most of the kids
have no idea who Tesla was, but take advantage of the statue.
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Figrre 18. Tesla at 79 and his statue on Goat Island at Niagara Falls, NY.

In conclusion, as the world consumes about 70 million barrels/day of oil (47 million
gal/sec), it is amazing to find that this is about 1/3 of the American Falls water flow
(150.000 million gal/sec). The Niagara Falls Historical Society worked to preserve the
first Adams Plant (see next page) and failed. Today, we still have a chance to make the
third Adams Plant a beautiful commemorative site. What better tribute than to preserve
thc site of the first generation of AC power in the world? We have here a giant who
walked among men. Let us commemorate his memory in the minds of everyone by at
least establishing a Tesla Museum in the city that benefited the most from Tesla's
invention of the AC generator. We are the future now, half a century since Tesla left the
earth. As he himself said, "Let the future tell the truth and evaluate each one according to
his work and accomplishments. The present is theirs; the future, for which 1 really
worked, is mine."
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Explanation of the AC motor by Daniel Dumych. (Published by the Niagara Falls
Convention and Visitors Bureau)



5 Niagara Falls Electricity Centennial

Thomas Valone

After preparing and presenting the preceding paper, "Tesla's History in Western New
York" to the 1986 International Tesla Symposium as a special Saturday night slide show, | felt
an obligation to celebrate the 1996 centennial of Tesla's greatest achievement, in gratitude for
the electricity that my hometown of Buffalo, NY received from his work at Niagara Falls.
Therefore, carrying copies of my paper in booklet form, | made the effort in 1992 to meet
personally with Councilman John Accardo in Niagara Falls, who also was the Chairman of the
Board of the City Council of Niagara Falls. We discussed the possibility of a city-wide event
in 1996 involving the NY Power Authority, Niagara Falls Chamber of Commerce, and the
City Council. We envisioned a new plaque, at least three banners across major streets of
Niagara Falls, and a few signs around town. The Tesla Memorial Society in Lackawana, NY,
Dorothy Rolling and Dan Dumych, the local historians were all very interested in
participating, as was William Terbo, the grand-nephew of Tesla. Of course, my burning
question of what will happen to the remaining Adams Plant Three could not be resolved by
Councilman Accardo, nor even by Niagara Mohawk. It is apparently embarrassing to all of
them that only the archway of the Adams Plant Number One was preserved.
Soon afterwards, perhaps in 1994, | began discussions with Steve Brady, Public Affairs
represcntative for Niagara Mohawk and Chairman of the local Foundation Committee. He told
me that Niagara Mohawk, the company which took over the original Niagara Falls Power
Company, "wants to be a part of it in any way or another.” Chris Mierzwa at Niagara Mohawk
was also very interested, according to Professor Dollinger from SUNY at Buffalo, though 1
never talked to him directly. Dollinger told me he wanted to include a tour of the new Robert
Moses Power plant that is north of the Falls, with a photo shoot at Goat Island, where Tesla's
statue is, as well as a lunch. However, he said that the local IEEE had no funds for such an
event. There was some discussion about also including Ontario Hydro, the Canadian electric
company that also has a generation station at the Canadian side of Niagara Falls
The most encouraging meeting | had was with Cathleen Barber, the Senior Community
Relations Representative of the New York Power Authority which runs the Niagara Power
Project at Niagara Falls. It is their decision, for example, to send most of the electricity
generated at Niagara Falls to New York City nowadays. Cathy was willing to support any date
I would select and promote it, with professors from the local universities invited. We guessed
that a one-day event with a plant tour, presentations, lunch and dinner would cost $3000 to
$5000, but it was not clear who would pay for it.
I then had a meeting with Frederick Caso, Jr. the Executive Vice President of the Niagara
Falls Chamber of Commerce, who was willing to offer mailing labels of members. He
suggested Congressman LaFalce, who agreed to a Congressional Record insert, much like the
one Congressman Henry Nowak created on April 28, 1981 (V. 127, N0.62) commemorating
the 125th anniversary of Tesla's birth. Surprisingly, Buffalo's interest was minimal from
discussions | had with the Buffalo mayor's office and the Niagara Parnership. As 1996
approached, with no one offering assistance for the Centennial, | sent a letter to Don Glynn, a
reporter at the Niagara Gazette, to alert him to the historically significant event. Then, without
advance notice except in Niagara Falls, the Niagara Mohawk Power Corporation chose to
celebrate the Centennial themselves without historians, professors nor authors. Only industrial
CEO's and politicians were there to present sterilized information and an exaggerated
absurdity about being responsible for the “energy of life." Witness the following publications.
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Niagara Mohawk Power Corporation's
Centennial Celebration Pregram of Speakers

CELEBRATING A CENTURY OF ELECTRICAL ENERGY, NOVEMBER 15,1996

8a.m.to 8:30 am. Opening reception

8:30 a.m. to 9:45a.m.  Bridging the Past to the Future
William E. Davis
Chairman and CEO
Niagara Mohawk Power Corporation

Thomas A. Christopher
Power Generation Business Unit
Westinghouse Electric Corporation

Ronald R. Pressman
GE Power Systems
General Electric Company

10am.to 11:15am.  What is the Future of Electrical Energy in New York State?

Panel Participants:

Albert J. Budney Jr.

President

Niagara Mohawk Power Corporation

CD. "Rapp" Rappleyea
Chairman and CEO
New York Power Authority

Louis R. Tomson
Deputy Secretary to Governor George Pataki

The Honorable Paul Tonko
Chairman
New York State Assembly Energy Committee

11:30 am.to I p.m. Luncheon
Welcoming Remarks:
Charles P. Steiner
President and CEO
Niagara Falls Area Chamber of Commerce
and
The Honorable James C. Galie
Mayor
The City of Niagara Falls

Keynote Speaker:
William E. Davis
"Electricity: Appreciating the Past, Anticipating the Future"

1p.m.to 1:30 p.m. School Awards Presentation and Ceremonial Reenactment
Attendees are invited to lake a few minutes during the conference to look at exhibits put together

by high schools from around Western New York. The exhibits highlight art, history and technol-
ogy related to the 100-year anniversary event.
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SECTION 11

Principles of Wireless Power Transmission

In 1900, world's largest Tesla coil, 25 feet
in diameter, with a 12-million volt discharge
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6 Effects of Testa's Life & Inventions

Andrija Puharich, MO, LLO
circa 1985

SECTION ONE

From Birth to Arrival in the U.S.

Nikola Tcsla was bom under the Austro-Hungarian empire in the village of Smiljan in the
region of Lika, in the mountains of present-day northwestern Yugoslavia. The simple little
village looks very much today as it did some one hundred and twenty years ago. His father,
Milutin, a priest of the Orthodox Serbian Church, and his mother, Djuka, received the
newborn Nikola into this world at midnight between 9 July and 10 July 1856. Although
young Nikola's life was idyllic up to the age of seven, he later wrote that during this early
formative period, he was weak and vacillating, "a slender reed moved around by every
emotional breeze." He lived in the great spaces of the mountains and benefited from his
background in the "literary" world so that he was able to read and write at a very early age. |
put the word literary in quotes because his mother had not been taught to read and write,
which was the common lot of women in that day and age.

This phase of his life was abruptly ended by the death, due to injuries suffered by a fall
from a horse, of his elder brother, Dane, age 14. So great was the shock to all in the family
that Nikola's father could not bear the familiar surroundings of Smiljan and decided to leave
the scene of the tragedy. The family moved to a nearby town, Gospic, which was noted as a
market center of some 3000 people.

The shock of his only brother's death, and the departure from the cozy familiarity of nature
had a profound effect on the seven-year-old Nikola. He suddenly became a recluse and began
to live in his father's library, and in the local library, devouring every book that he could read
and uderstand. It was during this unusual and early encounter with books that Tesla first
became aware that he possessed unusual mental powers. Much later, he gives us a glimpse of
these powvers:

"In my boyhood, I suffered from a peculiar affliction due to the appearance of images,
often uccompanied by strong flashes of light, which marred the sight of real objects, and
interfered with my thought end action. They were pictures of things and scenes which I had
really seen, never of those | imagined. When a word was spoken tome, the image of the
object it designated would present itself vividly to my vision, and sometimes | was quite
unable to distinguish whether what | saw was tangible or not. This caused me great discomfort
and anxiety. None of the students of psychology or physiology whom I have consulted could
ever explain satisfactorily these phenomena. They seem to have been unique, although | was
probably predisposed, as | know that my brother experienced a similar trouble.

"The theory | have formulated is that the images were the result of reflex action from the
brain on the retina under great excitation. They certainly were not hallucinations such as are
produced in diseased and anguished minds, for in other respects | was normal and composed.
To give an idea of my distress, suppose that | had witnessed a funeral or some such nerve-
racking spectacle. Then, inevitably, in the stillness of night, a vivid picture of the scene would
thrust itself before my eyes and persist despite all my effort, to banish it. Sometimes it would
even remain fixed in space though | pushed my hand through it.

91



"To free myself of these tormenting appearances, | tried to concentrate my mind on
something else I had seen, and in this way | would often obtain temporary relief; but in order
to get it I had to conjure continuously new images. It was not long before | found that | had
exhausted all of those at my command; my "reel" had run out, as it were, because | had seen
little of the world-only objects in my home and the immediate surroundings.
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*As | performed these mental operations for the second or third time in order to chase the
appearances from vision, the remedy gradually lost all its force. Then I instinctively
commenced to make exclusions beyond the limits of the small world of which | had
knowledge, and | saw new scenes. These were at first blurred and indistinct, and would flit
away when | tried to concentrate my attention upon them, but by and by | succeeded in fixing
them; they gained in strength and distinctness and finally assumed the concreteness of real
things. | soon discovered that my best comfort was attained if | simply went on in my vision
farther and farther, getting new inspirations all the time, and so | began to travel ~ of course,
in my mind. livery night (and sometimes during the day), when alone, | would start on my
JOURNEYS — see new places, cities and countries.

"l was about twelve years old when | first succeeded in banishing an image from my vision

by willful effort, but | never had any control over the flashes of light to which | have referred.
They were, perhaps, my strangest experience and inexplicable. They usually occurred when |
found myself in a dangerous or distressing situation or when | was greatly exhilarated. In
some instances | have seen all the air around me filled with tongues of living flame. Their
intensity, instead of diminishing, increased with time and seemingly attained a maximum
when | was about twenty-five years old.

"These luminous phenomena still manifest themselves from time to time, as when a new
idea opening up possibilities strikes me, but they are no longer exciting, being of relatively
small intensity. When | close my eyes | invariably observe first, a background of very dark
and uniform blue, not unlike the sky on a clear but starless night. In a few seconds this field
becomes animated with innumerable scintillating flares of green, arranged in several layers
and advancing towards me. Then there appears, to the right, a beautiful pattern of two systems
of parallel and closely spaced lines, at right angles to one another, in all sorts of colors with
yellow, green and gold predominating. Immediately thereafter the lines grow brighter and the
whole is thickly sprinkled with dots of twinkling light. The picture moves slowly across the
field of vision and in about ten seconds vanishes to the left, leaving behind a ground of rather
unpleasant and inert gray which quickly gives way to a billowy sea of clouds, seemingly
trying to mold themselves into living shapes. It is curious that | cannot project a form into this
gray until the second phase is reached. Every time, before falling asleep, images of persons or
objects flit before my view. When | see them | know that | am about to lose consciousness. If
they are absent and refuse to come, it means a sleepless night.

"To what an extent imagination played a part in my early life, | may illustrate by another
odd experience. Like most children, | was fond of jumping and developed an intense desire to
support myself in the air. Occasionally a strong wind blew from the mountains rendering my
body as light as cork and then | would leap and float in space for a long time. It was a
delightful sensation and my disappointment was keen when later | undeceived myself.

"During that period, | contracted many strange likes, dislikes and habits, some of which I
can trace to external impressions while others are unaccountable. | had a violent aversion
against the earrings of women, but other ornaments, such as bracelets, pleased me more or less
according to design. The sight of a pearl would almost give me a fit, but | was fascinated with
the glitter of crystals or objects with sharp edges and plane surfaces. | would not touch the hair
of other people except, perhaps, at the point of revolver. | would get a fever by looking at a

peach, and if piece of camphor was anywhere in the house, it caused me the keenest
discomfort. Even now | am not insensible to some of these upsetting impulses. When | drop
little squares of paper in a dish filled with liquid, I always sense a peculiar and awful taste in
my mouth. | counted the steps in my walks and calculated the cubical contents of soup plates,
coffee cups and pieces of food — otherwise my meal was enjoyable. All repeated acts or
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operations | performed had to be divisible by three and if I missed. | felt impelled to do it all
over again, even if it took hours. "[3]

Tesla discovered at school, The lower Real Gymnasium, when he was ten, that he could
call out all arithmetical and mathematical calculations in his head just as clearly as if he were
working it all out on a blackboard. This capacity served him like a modern high-speed
computer all of his life. In 1870, at the age of fourteen, he graduated from The Real
Gymnasium and shortly thereafter had the second major shock of his life. He was swimming
in a stream with his friends wherein was anchored a long and large float. In order to surprise
his friends, he decided to dive under the float, i.e., to "disappear" and emerge at the far end.
He did not realize that he lacked the capacity to swim this length under water. So he swam as
long as he could and came up to surface for air — only to find a wooden bean against his head,
and no air. By this time he was getting frantic for lack of air, and the large build-up of carbon
dioxide in his blood further aggravated his sense of suffocation. At this point his brain was
reeling and he began to sink. Just then a flash of light illumined his mind, and he thought he
saw the planks above the beam trapping some air. He floated up to the planks, pressed his
mouth against them, and found enough air to inhale. With his lungs and brain ventilated he
was able to escape his entrapment. This close escape from death by drowning in his fourteenth
year, however, was only the prelude for a sea of troubles that plagued him for the next seven
years.

Following graduation and this near-drowning episode in 1870, he was sent to the Higher
Real Gymnasium in Karlovac, Croatia, where he lived with his uncle. Here he lost his robust
health when he contracted malaria, which racked his body with aches and fevers for the next
three years. The only control then known for malaria was quinine, and he did not know which
was more deleterious - the malaria or the quinine. We do know today that one of the most
common deleterious effects of quinine is damage to the hair cells of the hearing nerves. That
Tesla did not suffer from this kind of damage will be made evident from some of his
subsequent experiences in hearing.

However, in spite of weakness from malaria and supersensitivity to all stimuli, his three
years at Karlovac were the true beginning of his scientific work, the only life he would really
know. We begin to see in these painful years the birth of his major ideas. His teacher in
physics was Prof. Martin Sekulic who was well-informed as to what was happening on the
contemporary scientific scene, as can be gathered from his Communications to the Yugoslav
Academy of Arts and Sciences. He particularly emphasized electricity in his physics teaching.
The young Tesla was utterly fascinated as he watched Prof. Sekulic vigorously turning the
handle of a static electricity machine which developed a charge very much the way rubbing a
plastic comb with a piece of wool develops sparks. The spark output of the static machine was
then directed toward a small globe made of paper covered with metal foil balanced on the tip
of a needle so that it could freely rotate like a magnetic compass. It fascinated Tesla to
understand how the static charge is converted into a rotational motion. As he said himself,
each such demonstration set off in his mind a thousand echoes of further probing and
explorations. But his mind did not stop at the electrical forces acting on the small spinning
paper globe. He expanded this idea to include the entire terrestrial globe. He worked out a
plan to build a huge ring around the equator which would spin at the speed of some 1000
miles per hour, or as we would say today, in synchronous orbit. He planned to use this as a
means for high-speed transport around the earth and toyed with various methods of getting his
passengers on and off of his high-speed platform.

He now had two main elements working in his mind, which were to lead him on to his first
great discovery: the rotating magnetic field. He knew from simple static machine
demonstration that he had an experiment, which he could run in his head and put it on his
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mental display screen and re-run it over and over again. Today we would say that his mind
was organized like a super-computer with all powers of analysis, integration, enormous
memory bank, and such powerful visual display of all operations that they competed with
physical events for reality quality. It was in this same period that another primordial image
entered his mind, which he was able to give birth to thirty years later. He visualized the
mighty torrent of Niagara Falls in the far-off United States/Canadian border after seeing a
postcard picture.

In his mind, he invented a mighty water wheel with which to get mechanical energy from
the falling waters. Thus, his mind's eye was endlessly working over three primordial programs
that he had to solve:

1) the bulb spun by static electricity;
2) the ring platform suspended around earth's equator;
3) the power of water turning a wheel.

After three years of intermittent illness, and the ecstasy of learning to run his powerful
mental computer, Tesla graduated from Karlovac in 1873 at the age of seventeen. Upon his
return home to Gospic, this budding genius was to enter a crossroads crisis of his life and
endure the third great shock to his entire being. He started his journey home with some sense
of foreboding because he had to face his father on the question of his future career. His father
desired strongly to have Nikola enter the life of the clergy. Nikola with equal desire and

strength of purpose wanted to become an electrical engineer.

The very day that Nikola arrived home for the showdown encounter with his father, he
contracted the dreaded cholera. He had been debilitated enough by his three-year bout with
malaria, and now cholera. He lay between life and death in bed for the next nine months with
scarcely the strength to move. How the pending problem with his father was resolved and his
health restored is tersely described by Tesla:

My energy was completely exhausted and for the second time | found myself at
death’s door. In one of the sinking spells that was thought to be my last, my father
rushed into the room. | can still see his pallid face as he tried to cheer me in tones
belying his assurance. "Perhaps,” | said, "I may get well if you let me study
engineering." "You will go to the best technical institution in the world," he
solemnly replied; and | knew that he meant it. A heavy weight was lifted from my
mind, but the relief would have come too late had it not been for a marvelous cure
brought about through a bitter decoction of a bitter bean. | came to life like another
Lazarus to the utter amazement of everybody. [4]

Unfortunately, we do not know what kind of bean he had been treated with. Having
survived his third great shock, Tesla had to face another major crisis as he approached the age
of eighteen. He was about to be called up as a conscript in the Austro-Hungarian Army. While
Tesla does not explicitly mention this episode in his life story, it is known from other sources
that he had no intention of becoming a military conscript. [5] This was especially more painful
in that both sides of his family had a long list of military careers to their credit, as well as
priests, of course. Having survived the family priestly pressures, he now had to survive the
family military pressures.

Since we have no reliable data to go on about how Tesla managed to escape being a

conscript, we have to reconstruct this period of his life from the historical context. We do

know that Tesla states that it was his father's idea that he should disappear into the mountains
for a time, to which proposition Tesla states that he reluctantly agreed. It so happens that my
own father was born under the Austro-Hungarian Empire, not far from the region where Tesla
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was brought up. When my father reached the age of eighteen, he faced the same crisis as Tesla
with respect to military conscription. He did not want to become a conscript, and his father
supported his wishes. So my father disappeared into the Dinaric Alps for a year while his
father tried to buy off the military people. In this effort, he was unsuccessful. My father,
Franjo Puharich, told me that he had only two choices left since he could not hide forever. The
first was to maim himself so that he would be unfit for military service. He tells me that this
was a common practice in his day (ca. 1910). There are rumors afloat to this day amongst
people still living in Yugoslavia that Tesla attempted such self-mutilation, but this rumor
cannot be confirmed. My father told me that his second alternative was to escape abroad and
enter some country illegally. He chose the latter course, stowed away aboard a ship and
entered the U.S. as an illegal alien. In this way he escaped military conscription and
eventually became a U.S. citizen. It was some fifty years before he returned to his native land.

All we know is that Tesla spent a year in the mountains, and when his father had made the
arrangements, he enrolled as a student at the Polytechnic School in Gratz, Styria (now
Austria) in 1875. Tesla only states that the year in the mountains helped to restore his health
and gave him the freedom to pursue his grand "Gedanken,” i.e., thought experiments, in his
mental laboratory. He must have put much of his life into order because he was determined to
get answered as many of his questions as he could. At Gratz, Tesla programmed himself to
study every day from 3:00 AM to 11:00 PM twenty hours of work, seven days a week. He not
only mastered the foundations of physics, mechanics and mathematics, passing his first year at
Gratz with the highest honors, but found time to further his knowledge of French, German,
Serbian, and Hungarian. He wanted to learn philosophy and decided to read Voltaire, the great
French philosopher, as written in the original French. Having committed himself to complete
this task, he found after he had started that Voltaire had written some 100 large volumes in very
small print. Having made his bargain with himself, he was bound to keep it, and thus found
the "time" to read the 100 volumes of Voltaire in his "spare time." This feat clearly shows us
the magnitude of his prodigality at the age of twenty. He saturated himself with the key
literary products of European art and science. So intense was his work and learning that he
found out later that his professors, who loved him, had secretly written to his parents asking
that somehow Nikola should be encouraged to slow down ~ lest he kill himself with
overwork.

Completing his first year at Gratz was a total triumph of his will over all obstacles. But his
second year slowed him down, not because of lack of will or mind power, but because no
scholarship aid was available in spite of his brilliance, it seemed that if ever there were a
worthy student to receive scholarship aid, it was Nikola Tesla, but the fates conspired to slow
him down. He stayed on in Gratz, auditing all the courses he could, but of course did not have
to take exams. He read in the library, and attended demonstrations in the laboratories. His
professors loved him so much that they allowed him to attend all classes even though they
knew he had not paid tuition. It was at one of these demonstrations that Professor Poeschl
showed the newly invented Gramme Dynamo, which he had received, from Paris. This was a
crude direct current generator, which had a horseshoe shaped magnet for the field, and as a
rotor turned inside it, electricity was produced. What disturbed young Tesla was the scientific
lack of aestheticism of the Gramme Dynamo. It produced electricity with much noise and
sparking at the commutator. The commutator was a set of rings on the dynamo shaft that
collected the electricity, which the turning rotor collected from passing across the magnetic
field of the horseshoe magnet. The principle here is that if a wire is moved through a magnetic
field (from the horseshoe magnet) an electric current is produced, and is passed to a ring (the
commutator) on the shaft of the rotor, and a sliding contact moving over the ring called the
brush picks up the electricity and passes it by wires to the load. So offended was Tesla's deep
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sense of scientific elegance with the clumsiness of this arrangement that he protested to Prof.
Poeschl with the opinion that there must be a better way to accomplish the goal. To this Prof.
Poeschl replied with heavy-handed German authoritarianism, looking Tesla in the eye: "Mr.
Tesla may accomplish great things, but he certainly will never do this. It will be equivalent to
converting a steadily pulling force, like that of gravity, into a rotary effort. It is a perpetual
motion scheme, an impossible idea. " [6]

This was the challenge Tesla needed: to solve an "impossible™ problem. From 1876 to 1882

he ran his prodigious mental computer laboratory over and over this problem. He admits that
by 1880 (age 24) he was beginning to realize that perhaps Prof. Poeschl might be right — the
problem might be insoluble. More of this later. In spite of his brilliance, Tesla could not solve
the simple problem of making a living --as many a genius has found out. So Tesla turned his
powerful mind to an easy way of making a living: gambling. European student life in his day
was dominated by drinking, duelling, gambling and sexual adventures. In this environment it
was always easy to enter into a gambling encounter to make money, and from this expertise
Tesla stayed on and lived at Gratz until 1879 — the year in which he would have graduated
had he been able to pay tuition. We do not know much about these years except that Tesla, in
order to support himself by gambling, billiards end cards, had to be "one of the boys", and
therefore had his share of personal indulgences. However, he learned from this experience
that his system could not tolerate coffee, and eventually abstained from it. Alcohol he was
able to tolerate in small amounts, and continued to use it as an after dinner drink for the rest of
his life. His passion for gambling during these three years became a fever, but one which he
finally conquered.

He left Gratz in 1879 to visit his family in Gospic, and no sooner had he come home then

his father died. This sad event imposed further burdens on his already threadbare poverty. As
hard and difficult as his life had been, he was determined to continue with his postgraduate
education. He felt, even by auditing courses, that he had learned everything possible at Gratz.
He decided to go to Prague (Bohemia) and enroll there in the ancient and distinguished
University of Prague. To his great disappointment he found that he did not qualify for
enrollment because he had not studied Greek in high school. In spite of this setback and
continued poverty, he persisted in learning electrical engineering by auditing courses, and, of
course, reading everything of interest in the library.

Tesla's family, of course, knew of both his great desire to learn and his equally dire
financial straits, and tried to help him. His mother's brother, Pajo Handic, was a military
officer stationed in Budapest. Pajo had a friend, Perenc Pukas, who was an executive of the
Central Telegraph Office of the Hungarian government. Through this friend, Pajo arranged a
job for his nephew. Tesla arrived in Budapest in January 1881 at the age of 24, eager to begin
his long awaited career as an electrical engineer. However, he was bitterly disappointed to
find out that the only job available was as a draftsman — work he really disliked.

Fortunately for Tesla, the new telephone invented by Alexander Graham Bell in 1876 had
just reached Europe, and the Hungarian government was eager to install an exchange in
Budapest. The inspector-in-chief of the Telegraph Company recognized Tesla's mathematical
and engineering talents and awarded him the job of designing the new installation. Tesla gives
every indication that he was happy with his new work for the first time and his freedom from
povcrty in Budapest was a joy.

It is puzzling to know that in January of 1882, Tesla suffered a fourth great shock: he had a
complete nervous breakdown. What is meant by this phrase needs some explanation. We have
no indication that Tesla was frustrated by his work. On the contrary, he states that in the few
months before he moved to Budapest, while still in Prague, his "mental computer" was so
free-running that he "invented" in his Gedankan experiments all of the motors and dynamos
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for which he later became famous. But he admits that while he built the mechanical models in
his head, the underlying principle escaped him. Perhaps the unending quest for this Holy
Grail of electrical first principles haunted him more than he realized. His nervous breakdown
was in fact an exact opposite of breakdown in that it was a super sensitivity of senses and of
mind organization.

Tesla retreated from the world in that month of January 1882; he found insulation between
himself and the noisy world. He describes lying in bed and distinctly hearing the ticking of a
pocket watch — three rooms away!  When a fly landed on the table beside his bed, he
experienced a dull thud in his ears. The vibrations of a carriage passing over cobblestones
several miles away wracked his body. The ground under his bed and under his feet rumbled
continuously from any sound; he felt as though he was in a continuous earthquake. If the
sun's rays accidentally fell upon him, his brain felt as though it were being clubbed; and if the
sun hit him while moving along a road where trees produced a stroboscopic effect, he felt as
though he were being engulfed in hammer blows of lightning. His whole body from time to
time was convulsed by twitching and Tremors. One could almost say that sensory stimuli
were exciting epileptic-type electrical storms throughout his brain and body.

Even today there is no way to describe how his nerves could amplify the weak electrical
signals of his sense organs. It was as though his nervous system had gone from normal
thermal level electrical conduction to super-cooled typed of electrical superconductivity [7]
The only other instance we know historically of such super sensitivity is from the lives of
certain saints who, in undergoing a kind of final refinement and purification, would enter an
ecstatic state similar to Tesla's condition.

In Tesla's case this condition of general hyper-sensitivity does not seem to have lasted for
more than a month, because he recounts that with the aid of his devoted athletic friend, Antal
Szigety, he began to recover. Szigety insisted that Tesla get out of bed; he walked him, and
exercised him. Tesla later admits that in the recesses of his awesome computer mind was the
solution to his quest - the perfect alternating current motor, but he could not reach it. Perhaps
he let his body enter a higher dimension of sensitivity in order to find the solution. But it is
Tesla who must describe this ultimate experience culminating the quest of his life to this
moment. The climax and recovery of health rapidly came in February 1882; we do not know
the exact date:

"A powerful desire to live and to continue the work, and the assistance of a devoted friend
and athlete (Antal Szigety), accomplished the wonder. My health returned and with it the
vigor of my mind, hi attacking the problem again, | almost regretted that the struggle was
soon to end. | had so much energy to spare. When | undertook this task, it was not with a
resolve such as men often make. With me, it was a sacred vow, a question of life and death. |
knew that | would perish if | failed. Now | felt that the battle was won. Back in the deep
recesses of the brain was the solution, but I could not yet give it outward expression".

"One afternoon, which is ever present in my recollection, | was enjoying a walk with my
friend in the City Park and reciting poetry. At that age, | knew entire books by heart, word for
word. One of these was Goethe's Faust. The sun was just setting and reminded me of the
glorious passage:

"Sie ruckt und weicht, der tag is uberlebt,
Dort eilt sie bin und fordert neues Leben.
Oh, dass kein flugel mich vom Boden hebt
Ihr nach und immer nach zu streben!

Bin schoner Traum indessen sie entweicht,
Ach, ru des Geistes Flugeln wird so leicht
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Keinen korperlicher Flugel sich gesellen!"

Translation:
"The glow retreats, done is the day of toil:
It yonder hastes, new fields of life exploring;
Ah, that no wing can lift me from the soil,
Upon its track to follow, follow soaring
A glorious dream! though now the glories fade,
Alas, the wings that lift the mind, no aid
Of wings to lift the body can bequeath me!"

"As | uttered these inspiring words; the idea came like a flash of lightning and in an
instant
the truth was revealed. | drew with a stick on the sand the diagram shown six years later in
my addrcss before The American Institute of Electrical Engineers, and my companion
understood them perfectly. The images | saw were wonderfully sharp and clear and had the
solidity of metal and stone, so much so that | told him: 'See my motor here; watch me reverse
it." | cannot begin to describe my emotions, Pygmalion seeing his statue come to life could not
have been more deeply moved. A thousand secrets of nature, which | might have stumbled
upon uccidentally, | would have given for that one which | had wrestled from her against all
odds, and at the peril of my existence."
What did Tesla visualize in his computer that had solved his agonizing problem of how
to
make an alternating current motor of aesthetic design? While Tesla was the first human being
to have the vision of a rotating magnetic field, subsequently many engineers and scientists
have been able to have this vision due to subsequent detailed scientific expositions being
made of the phenomenon. Let us try to recapture Tesla's vision of February 1882 when he was
all of 25 years old. Please refer to Figure 2.
AC-1 shows the representation of a normal sine wave. This can represent the rise and fall
(M) of a wafer wave, and its travel to the right; or it can represent the rise and fall of an
electric current from positive (+) charge state (up) to negative (-) charge state (down) and
direction ( ->) of travel; it can represent the swing of a magnetic wave from north pole (+) to
south pole (-), and direction of travel. The rise end fall is shown by degrees on a 360° scale
Just as in a circle, and one complete cycle is 360°. The rise phase in AC-1 is positive (+) from
0° to 90°; then the falling positive (+) phase is from 90° to 180° where it reaches zero value,
0, neither (+) or (-). This completes half a cycle of the sine wave.
From 180° the wave goes from 0 value down to full negative (-) value at 270°; from 270°
the value goes from full negative (-) up to zero at 360° This completes a full cycle of action
that has the form of a sine wave. Many phenomena in nature follow this cyclical pattern. Of
immediate interest is that this is the way an alternating current (AC) is displayed on an
osciloscope in a two-dimensional plane. However, if one saw this AC wave as it exists in
nature, and as Tesla undoubtedly saw it in his mental visual display computer, it looks more
like a corkscrew in three dimensions. If the direction of travel is from left to right (->), then
components of the AC point in different directions. The magnetic component of the electro-
magnetic AC wave points upward in the plane of the paper where the arrow is marked M.
The electric component of the electro-magnetic AC wave paints directly down through the
paper (perpendicular to the plane of the paper).
What Tesla knew, and other scientists knew, was that if one placed a second alternating
current in a circuit, AC-2, leading AC-1 by 90° this is called a phase difference; certain effects
would occur which could be used to turn a magnet that was suspended like a compass needle.
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Let us begin to build up the vision that Tesla had of the rotating magnetic field using the
simple elements we have given.

Referring to Fig. 3, place a compass an the center of the circle over the part marked
magnetic bar rotor. Line up the compass needle, and the line of the magnetic bar rotor so that
they both point north. Now take bar of iron a pocket knife blade will do - and bring it close
enough to the north pole of the compass needle so that the needle can be moved. Now move
the knife point along the rim of the compass so that the needle moves first to 0° (north) and
then to 90° (east). Practice guiding the compass needle so that you can move it smoothly first
from 0° to 90° then from 0° to 180°; then from 0° to 270° then the complete circle from 0° to
360°. This in effect is how an alternating current motor works. Your hand 16 the alternating
current that goes through a full cycle (or circle) of 360°, and it guides the magnetic component
of the alternating current (the iron bar, or knifeblade), i.e., a magnetic field. In such a way that
its force produces a torque, or rotation on a rotor (the compass needle). Now this part is easy.
What Tesla had to solve was how to produce the magnetic field whirlwind around the circle of
the rotor without any mechanical motion to create the magnetic field. The vision he had can
now be visualized by us.

Referring to Figure 3, remove the compass and note the two circles, each of which is
eccentric to the circle around the magnetic rotor bar: and further note at 90°and 180° that the
circles are 90° out of phase with each other. Each of these circle, represents one cycle of an
alternating current, AC-1, and AC-2 (as in Fig 2), but now shown as a complete cycle in the
form of a circle rather than a sine wave. Now to visualize what Tesla saw: imagine circle AC- i
1 to be a hula hoop of blue color and watch it go around a person, or better still, watch a child
swing a hula hoop an his hips. You can now see and feel the swing of a magnetic loop around
a central rotor circle. Referring to Fig. 3, note that the outer circle represents the (+) swing of
a sine wave and its perimeter the maximum (900 as in Fig. 1 AC-1) north pole magnetic field
strength. The inner perimeter circle shows the (-) swing of a sine wave and represents the
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south pole maximum magnetic field strength (270° as in Fig. 1 AC-1). Between these two
maxima there is a circle, which represents zero magnetic field strength (0° and 180° as in Fig.
1AC-1).

Now we add a second hula hoop (AC-2), which leads the first hula hoop (AC-1) by 90°,
and get them both spinning around the hips. See Fig. 3. As long as the two hula-hoops
maintain their 90° phase difference, we have the identical condition of magnetic field
whirlwind that Tesla saw in his vision. However, using his prodigious calculating capacity,
Tesla could plot the magnetic field strength relations for every instant of time, and for every
degree of the circle - and compute the field effect on the magnetic bar rotor in producing
mechanical rotation and power. For example, if we take an instant of time at 90° to see what
the magnetic field strengths are of AC-1 and AC-2 in Fig. 2, we see the following: Since AC-

2 peak magnetic field strength is at 180° with respect to AC-1 (see Fig. 3), it will pull the
south pole of the rotor clockwise toward it. Since there is inertial, or resistance in the rotor it
will lag the maximum magnetic field strength of AC-2 by some degrees. Since AC-1 is going
in a falling phase of magnetic field strength (going from 90° to 180° Fig. 2) its pull on the
rotor is weakening, allowing the latter to follow AC-2. Since the magnetic field strengths of
AC-1 and AC-2 are additive between 90° and 180° (Figs. 1 and 3) or at 135° - maximum
north magnetic field strength - the rotor will be found at this part of the circle at this instant.
As the two hula-hoops of magnetic field strength sweep around they will pull the rotor with
them, just as if the hand were moving a magnet around a compass needle. Not only did Tesla
see this immaterial set of magnetic forces spinning around, hut he encased them with the
proper mechanicals - the shaft with its mechanical racer; the field coil structure surrounding
the rotor. Then he encased these mechanicals with the right materials - the iron for the
magnetic cares, which he wound with the proper copper wire coils. Then he devised the
proper geometry and circuits that connected all the coils, which guaranteed the proper phase

101



differences between AC-1 and AC-2. Then he set the motor running in his hcad, and quietly
saw that by throwing one switch he could reverse the phase between AC-1 and AC-2 so that
AC-1 now leads AC-2 by 90° — and presto-the motor smoothly reversed direction! His grand
design was done - he had grasped the principle of the rotating magnetic field, and given it
physical embodiment in a working model - all on the visual display computer screen in his
mind.

In the fall of 1882 Tesla moved to Paris, hoping to work for the French branch of Thomas
Alva Edison's Continental Electric Company. He was able to bring with him his good friend
and now master mechanic, Antal Szigety, as an assistant. He readily obtained the job he
sought. However, work demands prevented him from building his new invention in the flesh
of iron, steel and copper. It was not until the summer of 1883 when he and Szigety were sent
to Strasbourg to do some motor repairs chat they had the time and a machine shop in which to
build the first physical alternating current motor. The test was an instant success, and followed
faithfully in performance the model that Tesla had been running on his mental computer
screen. He was now 27 years old with a proven theoretical and practical solution of the
mission declared impossible by his erstwhile Professor Poeschl.

Tesla was kept busy in Strasbourg until the spring of 1884, when he returned to Paris.
There he enlisted the interest of the Paris manager of the Edison works, Mr. Batchellor. Mr.
Batchellor recognized his genius and the value of his invention; and urged him to go to
America to work with the great Mr. Edison. Tesla accepted this invitation, and prepared to
leave Paris. At the Paris train station, he discovered to his horror that his baggage, his
transatlantic passage tickets, and his wallet had been stolen! As the train began to pull out, he
had to make a choice: should he chance getting on the train and the boar — or cancel his
journey? He chose to leap aboard the train. When no one showed up to take his place on the
steamship, he was allowed to board. And so he was on his way across the ocean to an
unknown land, but one to which all immigrants in 1880's believed was the land of promise
and of gold. He landed at Ellis Island in New York Harbor on June 6, 1884 with four cents in
his pocket. But he had in his pocket a letter from Mr. Batchellor introducing him to Mr.
Edison, which said in part:

"I know two great men and you are one of them; the other is this young man."”

SECTION TWO
From Darkness to Light

The period from age 28 (1884) where Tesla is penniless and homeless, digging ditches in
New York City to survive - to the age of 35 (1892) when he becomes the most famous
inventor in the world, is a millionaire, socially lionized, and honored by all of the great
scientists in London. It is difficult to find in the life of any contemporary person one who has
gone through so many transformations in seven years as did Tesla from 1884 to 1892, age 28
to 35. With four cents in his pocket, and his letter of introduction, he found his way to
Edison. This meeting could have been the break that Tesla needed, because Edison, as a
patron, could have given him all the opportunity necessary to realize his dreams. It is an irony
of history that the two men net at all, because, temperamentally, they were at opposite poles.
Tesla with his great scientific mind was systematically seeking first principles in nature end
using his inventions as tools for deeper, more refined probing. Edison had the great mind that
could find associative relations between material systems, which resulted in new inventions
as an end in itself. Tesla's mind was seeking to understand the architecture of nature with
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geometrical comprehension. Edison followed each clue of nature from point to point with
linear reduction to practice.

Much has been written about the nine-month period when Tesla worked for Edison.
Suffice it to say that Edison was committed to a future electrical technology based on direct
current - from batteries and direct current generators. He had perfected the incandescent lamp
and was trying to create a marker for it — and to do this he had to supply electricity. In order
to do this, he had to create DC power stations aboard ships, in cities, and for factories. In this
Edison was successful, and power stations were being built rapidly as the United States
became electrified. Furthermore, the financial backing of J.P. Morgan was securely behind the
Edison ventures which assured success.

Against this array of industrial growth and financial power stood the tall, thin Tesla with

his visions of using alternating current to industrialize and power the earth. He tried to catch
Edison's attention by performing meticulously and creatively as an engineer. In this he
succeded and won Edison's highest compliments.  But when he tried to open up a
conversation about his ideas on alternating current, Edison would not listen.  Edison had
made up his mind that the future electrification of the world would be with direct current.
Tesla became discouraged realizing that he would have to develop his ideas on his own, and
left the employ of Edison. Little did Edison realize that his lowly employee would soon
become his greatest and most worthy technological and business opponent. The war of the
giants was in the making.

Tesla had made such a powerful impression on other Edison employees that they offered

to finance his inventions. Accordingly, the Tesla Electric light and Manufacturing Company
was founded in March of 1885, in New Jersey, across the Hudson River from New York City.
Tesla now had a modest amount of capital, but he could not begin work on his beloved AC
motor because his backers wanted him first to develop commercially saleable arclights for
street lighting. This he did, and soon he was filing a stream of patents. But his success was
short-lived. As the great financial depression of 1886 clamped down on the U.S., his new
company was forced into bankruptcy.

Now in the 30th year of his life, just as the possibility of the successful realization of his
motor was tantalizingly held before him, Tesla was thrown into a pit of despair. There was no
work to be had, although occasionally Tesla was able to get a job digging ditches in New
York City, as public works for sewers and water mains continued during the depression. He
had no place to live and slept wherever he could get shelter for the night. He later spoke of
living "through a year of terrible heartaches and bitter tears.” It must have seemed pure torture
to toil in a ditch, when he did have work, and at the same time to run his mental computer in
the dazzling images of his colorful and poetic rotating magnetic fields. Fortunately, in the
ditch with him was his foreman — also working out of his field just to keep alive. As the two
men sat together eating their meager lunches, Tesla poured out his dreams and inventions.
Tesla did not realize it then, but his fellow worker was the magical connection to A.K. Brown
of the Western Union Telegraph Company. Almost miraculously, under Brown's initiative,
the foreman's faith, and Tesla's total conviction in his vision, The Tesla Electric Company was
formed in April 1887 within competing distances of the shops of the Edison Company.
Tesla's working capital, in the form of a loan, was $500,000. In today's monetary values, this
had the purchasing power often times that amount.

Tesla had been like pent-up lion for the past five years - ever since he understood the
principle of the rotating magnetic field. But whether he was building telephone systems in
Budapest, repairing DC motors and generators in Paris or Strasbourg, designing motors for
Edison in New York City, or digging ditches, his powerful visual display computer was
developing new designs and refining them. Thus, it was that when he obtained his laboratory,
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he produced an explosion of devices and patents such as had never been seen before in such a
short time.

What Tesla did was to design a system to produce alternating currcnt distribute it over
large distances, end utilize it in motors and lamps. He worked out every crucial detail of this
system to such perfection that, to this day, his technology and concepts dominate AC systems
virtually unchanged. His system is called the: "Tesla Polyphase System™ because, following
the conception portrayed in Figures 2 and 3 of using the 90° phase difference between two
alternating current, to generate the "hula hoop™ rotating magnetic field, he added more pairs
of hula hoops, up to 384, to the field. This had the same effect as adding more pistons to a
gas engine: it gave greater and smoother rotatory power (torque) to the motors. Thus, he built
fields around his rotors, which had hundreds of "hula hoops" rotating, each pair with a precise
number of degrees of phase difference from its neighbor. See appendix for Tesla patents
illustrations.

With the rapid issuance of one patent after another from the U.S. patent Office, the world of
electrical scientists suddenly became aware that a new luminary — a new Faraday of
electricity - was in their midst. Correspondence and interviews suddenly made heavy
demands upon Tesla's twenty hour days. A year later on May 16, 1888, Tesla gave the first of
his famous lectures at Columbia University, New York City, under the auspices of the
American Institute of Electrical Engineers [1] Here he revealed and demonstrated the full
sweep of his polyphase alternating current system. The electrical world was amazed at his
revelations. The insoluble problem had been solved: alternating current could be transmitted
far hundreds of miles for industrial usage — compared to a mile or two by Edison’'s system. As
Tesla was being applauded for his victory, the Edison forces were preparing interests massive
counterattack against this threat to their vested interests.

In this lecture Tesla received not only scientific and academic recognition, but also
industrial recognition. About a month after the lecture the founder of Westinghouse electric,
George Westinghouse, came to see Tesla at his laboratory. Without much negotiation,
Westinghouse bluntly offered to buy up all of Tesla's polyphase system patents for one
million dollars in cash. Tesla said he would accept the offer if Westinghouse also paid a
royalty of one dollar per horsepower of motors produced. Westinghouse agreed, and the deal
was made. Thus, in two tumultuous years, Tesla went from the despair of ditch digging to
world renown for his genius and independence.

What did this shift of status and recognition do to Tesla? First, he paid back the half
million-dollar loan that had made his success possible. The rest of the money he used to
support his laboratory and future research. But, as part of his contract, he was to go to
Pittsburgh, Pennsylvania and work with the Westinghouse engineers to develop the
production prototypes of the various parts of the polyphase system. However, here Tesla
teamed something about himself: it was not possible for him to gear down his mind and work
to the pace of other mortals. He felt stifled, irritated, and less-than-creative. During this
period of self-assessment, Tesla learned still more about himself. He could not accommodate
his mind, emotions, or actions to any human being. The drummer that he marched to beat a
rhythm uniquely solo to Nikola Tesla. He knew now that total dedication to his calling, and
total celibacy, were to be his way of life.

In order to consolidate his new role in life as a wanted, famous person, and his own desire
for privacy, he decided to return to Europe after a five-year absence and re-formulate his
entire working philosophy. The past five years of poverty and creative effort had exhausted
his reserves, and so, when Tesla returned in 1889 to his native bika, he went into retreat at the
Gomirje monastery. This was curious since Tesla had fought for years to keep away from
organized religion. One wonders if he did not contemplate withdrawal from the world into a
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monastic life. But his decision must have been to go back to live in the world and yet
remain

apart - because he returned to New York City in January 1890.

In 1890 established a pattern of life, which he was to keep up, whether rich or poor,

to the end of his days. He moved into a private suite at the best hotel in New York City - the
famed Waldorf-Astoria that was then at 34th street - the site of the Empire State Building. His
elegant six foot, two inches, 140-pound body was encased in the most fashionable tailored
clothes. Those he always wore, whether in the laboratory, or at a fancy dinner party. He
worked at his laboratory from 9 AM until about 6 PM. At the Waldorf when he appeared at 8
PM he insisted that only the headwaiter should wait on him, and all food was especially
prepared under his meticulous directions. He dined alone, unless he was giving a banquet for
his friends. E'very aspect of the meal had to pass his scrutiny for an almost "Kosher" rigidity

of preparation. The headwaiter could not touch any dish or food without the interposition of a
fresh napkin between hand and dish. Tesla himself handled everything with a dozen or two
eleven napkins during a meal— each napkin being used once and discarded.
Tesla, the former ditch digger, gambler, and billiard professional, could no longer tolerate
physical contact with another human. He never shook hands with a person. The mere contact
with human skin gave him the sensation akin to an allergic reaction; the energy of others was

like poison entering his blood.

Yet in spite of the noxious quality he felt emanating from all persons, and his fear of germ
contamination, he was considered absolutely charming and thoroughly sociable in his reserved
and aloof way. This paradox gave his personality an incredible attractive power in society.
Men trusted him. Women found him attractive and charming with no physical undertone. He
was Lionized by the social "400" families of New York at that time. His resolve to be
celibate, ascetic, and dedicated to his work was forever under attack. He did occasionally
attend parties from 8 PM to 10 PM and then left to go to his laboratory. If he had a new
electrical effect to demonstrate, his select friends would troop in evening clothes and gowns to
his laboratory just south of Washington Square.

Here he would astound them with his Promethean displays of electrical fire and his light
displays — where he would pick up a long glass tube without wires, and it would light up in
his hands. He had a great sense of drama and many thought that his laboratory was the best
theater in New York. But the dinners at the Waldorf, the fancy clothes, the Tesla Theater were
only small dues, which he paid to his adulating society. The real Tesla inside returned to his
laboratory after the 10 PM dinner and went to work until 3 AM. Here in the stillness of his
laboratory he pursued his vision secretly. It is only years later that we are able to piece
together what was really going on in that most magnificent of laboratories: the mind of Tesla.
What the world saw from Tesla were a series of inventions, each of which would have
been the climax of a lifetime of work for an inventor. But what no one knew was that Tesla
was only developing new tools in order to explore deeper and deeper into the mysteries of
electricity.

What he had in mind was to build the tools that could produce any kind of electricity he
desired. First, he wanted to explore the various frequencies of electricity. He knew that
electricity must have different qualities when the number of cycles per second changed, or
increased. Therefore, he had to invent machines that would produce electricity smoothly over
the range from one cycle per second (now called Hertz, or Hz) through tens per second,
hundreds per second, and so on up to light frequencies. But he was the only one on the planet
earth who had the total scientific approach for producing these frequencies at this time.

First, he invented and built a series of alternating current generators, which allowed him to
reach frequencies of tens of thousands of cycles per second. Here he mastered all the
problems of building copper coils to produce the magnetic fields that would turn the rotors,
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winch produced alternating current. Here he solved the complex geometries of magnets, coils,
and windings that produced the desired frequencies. But he learned the limitations of the
production of AC waves by the rotating generator. He found that magnetic coils produced
such high self-induction that they damped electromagnetic oscillations so much that the higher
frequencies neither could nor be produced. In order to solve this problem, he came upon his
next greet invention, which is called the Tesla Coil. The invention is utter simplicity itself, but
no one had seen the solution before him.

Since the days of Faraday, experimenters had obtained different frequencies and different
voltages of electricity by means of an inductance coil. This device uses a battery as a direct
current source. A long wire coming from one terminal of the battery is coiled like a spring
upon a round stick of iron, and then the other end of the wire is connected back to the other
terminal of the battery. The electric current coursing through this coil (called a primary coil)
produces a magnetic field in the iron care. This magnetic field can be used to energize a
second call wrapped around the primary coil, and a current will be induced in the secondary
coil. The value of such induced currents is that the voltage can be markedly increased in the
transference of energy from the primary to the secondary in a definite ratio, which is
proportional to the number of wire turns between the secondary and the primary. Far
example,

1000 turns secondary = JO ratio =10:1 voltage step-up
100 turns primary 1

So if you put 100 volts DC into the primary, you can get 1000 volts DC out of the
secondary. Furthermore, to get a pulsed DC current out of the induction coil, one interrupts
the DC current with a kind of telegraph-key switch, and one would now have an "interrupted
current.”

Now Tesla would produce nice sine waves (he called them harmonic waves) out of his AC
generator, and then in order to increase their voltage he would use an induction coil to exceed
the peak voltage output of his generator. Yes, he would get higher voltages, but he would
mess up his nice sine waves of alternating current end get chopped up pulses from the coil
output. (See Fig. 4.) He solved this problem by using a simple device called the Leyden Jar,
which had been around longer than the induction coil. The Leyden Jar can be simply
described as an open glass cup whose outside is lined with metal foil. This geometric form of
an insulator (glass) lined with foil (as conductor) has the property of being able to store a large
amount of electric charge, and furthermore, to discharge it quietly. This Leyden Jar is more
formally known as a condenser. Lord Kelvin had studied the properties of the condenser and
had described them in an elegant mathematical formulation. Tesla knew this Kelvin
formulation. He suspected it had the key to his problem. The details of Tesla's solution are
well known to every physics student today, and we will try to explain it in layman's language.
Just as Tesla had placed two AC waves 90 degrees out of step to create the hula hoop rotating
magnetic field, so he knew that in any single AC wave there were two components within that
wave that were 90 degrees out of step: in any AC wave the current lags the voltage by 90
degrees. Now the voltage can be likened to the pressure, which a tall column of water exerts;
and the current is the amount of water in that column. Obviously, if we keep the amount of
water constant (volume) we can increase or decrease the pressure it exerts by changing the
height of the column. Now Tesla further knew that the current in a magnetic coil is 90
degrees out of phase with the current in a condenser, now called a capacitor. It is as though
one held two glasses, on in each hand, one of which is filled with water. Now the glass in the
left hand is held vertically and is empty. The glass in the right hand is filled with water and is
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tippcd so that it is at right angles (or 90 degrees) to the glass in the left hand. As the right
hand glass is tipped it will empty water into the left hand glass. If we rock the two glasses
(always held at right angles to each other) back and forth, the water will slosh back and forth
betwecn the two in a smooth harmonic transfer. The water, of course, is to be likened to the
amount of electric charge held first in the magnetic field coil (right hand), and then
transferred to the capacitor, or condenser (left hand). The rate at which the electrons can be
sloshed back and forth between the coil and the condenser becomes the frequency of the
oscillation of the alternating current. It so happens, by the laws of nature, that the timing of

the filling up and emptying of the condenser with electrons can be precisely determined by
two values. The first is by the electron charge-carrying capacity of the insulator (the dielectric
constant); and the second is by the surface area of the metal foil conductor covering the
insulator. These two factors give a precise time constant for the charge/discharge cycle of a
given capacitor; and when mated to an equivalent time constant for the coil (inductance),
Tesla could precisely control the peak frequency of any given coil, and thus produce his
smooth harmonic sine wave alternating current Once he had perfected his "Tesla coil", he
could produce any frequency of electricity of any potential, or power level, he desired. He
now had the cools to find out about the nature of electricity.

He knew the great equations of Clerk Maxwell which said that electric waves were
identical to light waves. [3] In 1887 Heinrich Hertz had shown that by using an interruptor
spark mil he could produce electric waves that behaved like light waves. But what Tesla
wanted to do was to produce elegant sine waves octave upon octave from the very low
frequcncies (8 Hz) up to light waves (9 million million Hz) and find out what was the deep
inner secret of light and electricity. He had two driving insights to check out. The first was his
interest in lord Kelvin's theory that all of life's processes are electrical, and that there is an
unknown force in the organism that guides and integrates such electrical effects. The second
was his endless fascination with his power to visualize all experiences and to create his great
inventions upon his mental computer display screen. Between bioelectricity and light, he
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hoped not only to master the forces of nature, but also to divine the nature of life itself. He
hints at these goals in his famous Franklin Institute Lecture (1893): [4]

"In all this vast world, of all objects our senses reveal to us, the most marvelous, the most
appealing to our imagination, appears no doubt a highly developed organism, a thinking
being.

"Again in all the perfect harmony of its parts, of the parts which constitute the material or
tangible of our being, of all its organs and senses, the eye is the most wonderful. It is the one,
which is in the most intimate relation with that which we call Intellect. So intimate is this
relation, that it is often said the very soul shows itself in the eye.

"But there is something else about the eye which impresses us still more than these wonderful
features - an optical instrument of being directly affected by the vibrations of the medium. (In
Tesla's day "the medium™ meant the aether.) This is its significance in the processes of life.

"A single ray of light from a distant star falling upon the eye of a tyrant in by-gone times may
have altered the course of his life, may have changed the destiny of nations, may have
transformed the surface of the globe, so intricately, so inconceivably complex are the
processes in nature. In no way can we get such an overwhelming idea of the grandeur of
nature as when we consider that, in accordance with the law of the conservation of energy,
throughout the infinite, the forces are in a perfect balance.

Hence, even a single thought may determine the motion of a universe. "

Thus, out of the toils and coils of the laboratory, we perceive that Tesla is a really only
developing better tool with which to ask more profound questions of nature. Having
developed sources of alternating current and the Tesla coils to produce any frequency or
voltage of alternating current, Tesla now proceeded to use these tools to produce light. He
produced every known form of light in those few years, from low frequency flickers (20-30
pulses per second) of phosphorescent materials, through incandescence of solids, liquids, and
gases, to X-rays and, eventually, cosmic rays. He explored the entire spectrum of radiant
energy known to man today - all before 1892. He studied the illumination of every kind of
gas at his disposal under high pressures, atmospheric pressures, low pressures, and high
vacuum. Since he made little attempt to exploit these discoveries commercially, it has long
been a puzzle as to why he pursued these arcane studies.

We find the clue in his third great lecture in 1892 in London: [5]

"Such discharges of very high frequencies, which render luminous the air at ordinary
pressures, we have probably often occasioned to witness in nature. | have no doubt that if, as
many believe, the Aurora Borealis is produced by sudden cosmic disturbances, (such as
eruptions at the sun's surface, which set the electrostatic charge of the earth in an extremely
rapid vibration) the red glow observed is not confined to the upper rarefied strata of the air,
but the discharge traverses, by reason of its very high frequency, also the dense atmosphere in
the form of a plow, such as we ordinarily produce in a slightly exhausted tube. If the
frequency were very low the dense air would break down as in a lightning discharge."

Now we begin to see what Tesla is doing. He has calculated in his superb mental
laboratory the various gases that exist around the earth at various altitudes, and their
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respective pressures. He has discovered that he can duplicate on the laboratory bench, effects

at any altitude around the earth -- lightning, Aurora Borealis, clouds, night glows, etc. He has
discovered that high frequency alternating current under vacuum pressures becomes super-
conducting, and that therefore he can use the ionosphere as a conduit. He has discovered, on
the contrary, that very low frequencies neither do nor conduct well, especially in the
stratosphere and clouds, and that here they build up their energy into accumulated static
electrical charge. He is beginning to think of an attempt to control the gigantic forces of
nature - weather modification! Tesla is beginning to wonder if the earth has an electrical
charge. Does the sun have an electrical charge? Suppose, he thinks, if these too bodies are
charged, I can perhaps modulate the electrostatic force of the ball of the earth with low
frequencies, and this may in turn draw energy from the sun by sympathetic vibration. He is
already thinking of drawing more energy from the solar system, from the cosmos. That he is
so thinking we know from his later (1900) article "Talking with the Planets”, but we are not
yet ready to understand the far reaches of his mind.

While Tesla is exploring the ionosphere laboratory equivalent with high frequency
currents, he is exploring the earth as a conductor for very low frequencies. He hints at many
expertments using the earth se a conductor. He is beginning to think that the earth has a
resonance to electrical waves somewhere around 10 Hz, but he has not yet explored it. But
now he wonders what the effect of such extra-low frequencies (ELF) will be upon living
thing - if he is to use the earth as a conductor. He begins to explore the effects on himself.

He repeatedly demonstrates that he can pass over a millions volts of high frequency current
through his body with safely, even though his body will be engulfed in a complete sheet of
electrical fire. [7] Since he knows the limits of safety here, he explores the low frequencies

109






111



I am convinced that this remarkable invention, which never found any practical use, is
Tesla's model of how the earth would behave if properly charged, or how the sun would
behave if influenced by the charge on earth. Tesla never tells us what he may have found
when he used two or more rotating brush bulbs as a model of the sun and planetary
interactions. In its simplest interpretation, the central small bulb S represents the
magnetosphere sheath that surrounds the earth, and the globe L represents the conducting
ionosphere, and the intervening space is the atmosphere. But some seven more years were to
pass before Tesla could test this model on a planetary scale.

In this period, 1892, Tesla worked feverishly to comprehend the vast scheme of nature that
he was trying to unravel and, hopefully, to control. Besides overwork he was also using his
own body mercilessly as a guinea pig in his experiments. One of the effects (which we now
recognize as the result of repeated electro shock therapy) is a loss of memory for recent
events. Tesla writes of such an experience:

"I will tell of an extraordinary experience, which may be of interest to students of
psychology. | had produced a striking phenomenon with my ground transmitter and
was endeavoring to ascertain its true significance in relation to the currents
propagated through the earth. It seemed a hopeless undertaking and for more than a
year | worked unremittingly but in vain. This profound study so entirely absorbed
me that | became forgetful of everything else, even of my undermined health. At
last, as | was on the point of breaking down. Nature applied the preservative,
inducing lethal sleep.

Regaining my senses, | realized with consternation that | was unable to visualize
scenes from my life except those of infancy, the very first ones that had entered my
consciousness. Curiously enough, these appeared before my vision with startling
distinctness and afforded me welcome relief. Night after night when retiring, |
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would think of them and more and more of my previous existence was revealed.
The image of my mother was always the principal figure in the spectacle that slowly
unfolded, and a consuming desire to see her again gradually took possession of me.
This feeling grew so strong that | resolved to drop all work and satisfy my longing.
But | found it too hard to break away from the laboratory, and several months
clapsed during which | succeeded in reviving all the impressions of my past life up
to the spring of 1892.
In the next picture that came out of the mist of oblivion, | saw myself at the Hotel
de la Pair in Paris just coming to from one of my peculiar sleeping spells caused by
prolonged exertion of the brain. Imagine the pain and distress | felt when it flashed
upon my mind that a dispatch was handed to me at that very moment hearing the sad
news that my mother was dying.
It was especially remarkable that all during this period of partially obliterated
memory | was fully alive in everything touching on the subject of my research. |
could recall the smallest details and the least insignificant observations in my
experiments and  recite pages of texts and complex mathematical formulae." [9]
Tesla foresaw this event in late 1891 while working in New York City in February 1892 he
gave his famous London Lecture, and from there went to Paris to give a lecture to the French
Society of Electrical engineers. As he returned from the second lecture to his hotel, he was
handed a telegram informing him of his mother's coming death. He caught the next train home
to Gospic and arrived their lust in time to see her off this plane of existence. This was the fifth
great shock in Tesla's life. If was all the more tragic in that it came at the very pinnacle of
fame, fortune, and self-satisfaction with his work. At age 35 he seemed to have everything,
but when lost his mother, the only person he loved, he collapsed. Overwork, anxiety, self-
experimentation, travel, his mother's death - all combined into another one of his grave
illnesses, which kept him in bed for weeks.  During this period of enforced recuperation
Tesla's review of his life program continued. He did not like; what he saw on his mind's
screen. He had been too indulgent with himself. He had allowed himself to be idolized and
lionized. He was creeping into commercialism beyond his immediate and real needs. He had
not penetrated nature's secret - he had only, like Edison, proliferated gadgets and toys. He
resolved to let the world go by, to be true to his calling, to lead a more spartan and stoic life -
and to do italone.
While convalescing, Tesla returned to the mountains where he had spent his nineteenth
year in solitude. He tells how his inspiration came to put may of his ideas together: [10]

"I sought shelter from an approaching storm. The sky became overhung with heavy
clouds, but somehow the rain was delayed until, all of a sudden, there was a
lightning flash, and a few minutes after, a deluge. This observation set me thinking.
It was manifest that the two phenomena were closely related as cause and effect, and
a little reflection led me to the conclusion that the electrical energy involved in the
precipitation of the water was inconsiderable, the function of lightning being much
like that of a sensitive trigger. Here was a stupendous possibility of achievement, If
we could produce electrical effects of the required quality, this whole planet and the
conditions of existence on it could be transformed. The sun raises the water on the
oceans, and winds drive it to distant regions where it remains in a state of most
delicate balance. If it were in our power to upset it when and wherever desired, this
mighty life-sustaining stream could be, at will, controlled. We could irrigate arid
deserts, create lakes and rivers, and provide motive power in unlimited amounts.
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This would be the most efficient way of hernessing the sun to the uses of man. The
consummation depended on our ability to develop electric forces of the order of
those in Nature. It seemed a hopeless undertaking; but I made up my mind to try it,
and immediately on my return to the United States in the summer of 1892, work was
begun.”

By his 36th birthday, he had moved out of the opulent Waldorf-Astoria and into the
smaller Hotel Gerlach on 27th Street. With his new resolve, he plunged again into a merciless
schedule as the new superman who would control the secrets of Nature.

SECTION THREE

Titanic Forces Released On Earth By Tesla
1892 - 1899
Age 3610 43 Years

While Tesla made a serious attempt to lead a more pure life of monasticism, celibacy, and
science, the world would not leave him alone. On the one hand, he had determined during his
recent visit to his homeland in the Balkans that he would try to invent the "trigger” that could
control the weather forces of Nature. Toward this goal he made invention after invention
which was to culminate (1899) in the super-giant Tesla Coil, which he named "The
Magnifying Transmitter”- His philosophy at this time (1893) is best summarized by a
statement he made in 1919:

"My belief is firm in a law of compensation. The true rewards are ever in proportion
to the labor and sacrifices made. This is one of the reasons why I feel certain that of
all my inventions, the Magnifying Transmitter will prove most valuable and
important to future generations. I am prompted to this prediction not so much by
thoughts of the commercial and industrial revolution which it will surely bring
about, but of the humanitarian consequences of the many achievements it makes
possible. Considerations of mere utility weigh little in the balance against the higher
benefits of civilization. We are confronted with portentous problems, which cannot
be solved just by providence for our material existence, however abundantly. On the
contrary, progress in this direction is fraught with hazards and perils not less
menacing than those born from want and suffering. If we were to release the energy
of atoms or discover some other way of developing cheap and unlimited power on
any one point of the globe, this accomplishment instead of being a blessing, bring
disaster to mankind in giving rise to dissension and anarchy which would ultimately
result in the enthronement of the hated regime of force.

The greatest good will come from technical improvements tending to unification
and harmony, and my wireless transmitter is preeminently such. By its means, the
human voice and likeness will be reproduced everywhere and factories driven
thousands of miles from waterfalls furnishing the power; aerial machines will be
propelled around the earth without stop, and the sun's energy controlled to create
lakes and rivers for motive purposes end transformation of arid deserts into fertile
land. Its introduction for telegraphic, telephonic and similar uses will automatically
cut out the statics and all other interferences which at present impose narrow limits
to the application of the wireless."”
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These were his visions and goals fur humanity. He had only to implement them with his
inventions, which of course required materials, men and money. The U.S. was undergoing
another depression and money was hard to get. The Westinghouse Company was having
financial difficulties, and had to be reorganized. Its new management insisted that
the
company could not survive if it continued to pay Tesla the royalty rate of one dollar
per
horsepower, and they put pressure on George Westinghouse to break the contract with Tesla.
O'Neill reports this meeting between the two friends, Westinghouse and Tesla, in detail [2].
The conclusion was that Tesla tore up the contract just to help the man who had once
helped
him. In this gesture, Tesla gave up millions of dollars in future income and thereby bound
himself to a life where he was forever handicapped by limited funds for his work. But Tesla's
gesture was thoroughly in the spirit of his new resolves and his belief in a law
of
compensation. Other pressures came from Thomas A. Edison and his companies. As
the
success of the Tesla alternating current increased, the fortunes of the Edison investments
decreased. Edison, it is believed, was instrumental in having New York State introduce
electrocution as the form of capital punishment at Sing Sing Prison in Ossining some 30
miles
up the Hudson River from New York City [3]. The means used for electrocution was Tesla's
alternating current! Of course, this was the worst possible kind of publicity for Tesla's
iNnventon.
In order to counteract this bad publicity, Tesla had to do something that would prove the
human of the AC system. Fortunately, the Columbia World Exposition was being
planned to open in 1893 in Chicago. Westinghouse got the contract to light it with AC, the
first world's fair to be so lighted. Then a large exhibition was planned by Westinghouse which
would feature the new Tesla inventions. Tesla himself decided to use this event to publicize
the safety of the alternating current. He stood on the high tension end of one of his coils that
passed over a million volts through his body so that he was enveloped in a sheet of electrical
flame. Of course, he had done this experiment privately in his laboratory many times for his
FRIENDS, but this was the first time he had done it for publicity. The Edison campaign
backfiredd, and Tesla's genius for the theatrical and for safety prevailed in the public mind.
But more than this effect, the management of the Edison General Electric Company saw the
handwriting on the wall, and quietly licensed the Tesla patents from Westinghouse. But the
battle of the electrical giants had one more round to go.
In 1890, the Morgan fmancial group had started a company to try to develop the electric
power potential of Niagara Falls. If was called the Cataract Construction Company, and its
president was Edward Dean Adams. An international competition was held for the best design
for the electrical power plant. The international commission was chaired by Lord Kelvin. The
commission found that none of the plans offered were feasible. So the Cataract Company
asked for plans and bids from companies in order to get the work under way. It was an
incredible personal triumph for Tesla when his concept and plan were adopted by the
commission. In October, 1893, two companies were awarded the contracts to electrify
Niagara Falls: Westinghouse won the contract to build the AC power plant at the Falls; and
General Electric, using the licensed Tesla patents, was awarded the contract to build the
transmission lines and distribution systems to Buffalo, New York, 22 miles away. Tesla had
set huge ideas and forces in motion years ago, and now the tide of industrial civilization was
lifting them higher and higher to the thundering crest of Niagara Falls' worldwide reputation.
Meanwhile, back at the laboratory Tesla pushed on toward his goal. He had many
problems to solve. Foremost was to build an electrical generator that could duplicate the
trigger effect of lightning bolts in releasing rain from clouds. We can reconstruct how Tesla's
mind was working in these days from scattered comments he made over the following forty
years. He formulated a concept of the electrical system of the earth globe floating and
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spinning in space on his mental computer screen modeled after the

rotating brush bulb. He had determined that one charged body influenced another charged
body by electrostatic force oscillations between them. He set up the hypothesis that if this
were true of the planets, then an electrostatic force "piston” effect on one planet should be
transmissible to another planet. The missing knowledge in this theory was: "Does the planet
earth have an electrical charge?"

As simple as this question is, no one had ever been able to answer it scientifically. If the
earth had a charge, then Tesla knew that he could "pump" this charge with electrostatic forces
and begin to create the effects he envisioned: namely, weather control, illumination of the
skies at night, electric power transmission through the earth, and so forth.

In order to determine whether the earth had a charge, he must build a machine that would
perturb the earth and its possible mass of electricity to find out what it's natural period of
oscillation would be. In other words, he would oscillate the earth very much like one
oscillated a clock pendulum, and after it started, determine its natural period of swing. He
knew by mathematical calculations that this should be around eight cycles per second. Not
knowing whether he would also have to find a mechanical resonance of the earth — by striking
it like a bell ~ or if he would have to find an electrical resonance by oscillating it like a coil
he set about developing both types of machines. One machine was a mechanical vibrator
which would tap the earth - and then he would listen for the sonic resonant tone of response.
The other machine was a huge Tesla electrical oscillator coil that would tap the earth
electrically, and he would then listen for the resonant electrical tone of response. He
proceeded to work on both of these machines.

With respect to the high voltage Tesla coil, he made improvement upon improvement on it
in his laboratory at 33 South Fifth Avenue until he was able to produce 4,000,000 vols
potential. This was the limit he could go within the confines of a small building within New
York City. To go to higher voltages he would have to go out into open country, which he did
in 1899. In the meantime, he turned from getting higher voltages, to get finer and finer tuning
of his coils. The reason he had to do this was that in order to measure the resonant frequency
of the earth, he would have to tune his coil to within a fraction (1/10) of a cycle. He tested the
sharpness of "tuning principles” with his coils by building pairs of coils -one being a
transmitter and the other a receiver of electrical energy. He would then send out one of his
workmen in the vicinity of his laboratory with a receiver coil, and Tesla would send
electrical energy to it from a transmitter coil inside his laboratory. In these "tuning"
experiments, Tesla was laying the foundation for all future "wireless" or "radio™ technology.
He planned to make a test of all of his new tuning refinements in the spring of 1895 by
sending a boat up the Hudson River north of New York City. With his laboratory as a fixed
platform for radio transmission, and the boat as a mobile platform for radio reception: he
would make his final tests for circuit tuning and earth electrical resonance.

Unfortunately, his plans were frustrated and delayed. On the night of March 13, 1895, a
fire broke our in the basement of 33 South Fifth Avenue and swept through the entire
structure, including Tesla's laboratory. All of his hundreds of invention models, plans, notes,
laboratory data, tools, photographs- all, were destroyed. Not only was all of Tesla's
intellectual capital destroyed on that night, but he had no funds with which to start anew. It
was a black, black day for Tesla, blacker than the smoldering ruins of his laboratory.

Even as the disaster of his laboratory loss was still ashes in his heart, the power from
Niagara Falls began to flow in August, 1895 — Tesla's greatest triumph to date. The builders
and backers of this biggest of all electrical power planes on the planet were highly pleased
with the success of the Tesla polyphase system. One of them, Mr. Adams, president of the
Cataract Construction Company, gave Tesla his full sympathy for the laboratory loss, and
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offered to finance all of his future work. Here Tcsla stood at the crossroads of his entire
future. If he accepted Adams's offer, he would have the full backing of the powerful J.P.
Morgan financial empire. Adams proposed to finance Tesla immediately with $100,000 for a
small percentage of shares in Tesla's laboratory. More financing would follow, and in the
hands of good financiers, Tesla's money problems would be over, and he could concentrate
purely on scientific research. Tesla was in no position to bargain, but he did not want partners,
to be controlled, or to be owned. No one knows why he refused the generous overall financial
plan, but he accepted only $40,000 to get him going again [4]. For the second time in his life,
he waived opportunity to be rich. His monastic ideal was firmly in command.
It was not long before he had a new laboratory at Houston Street near Mulberry Street. He
plunged into his work with renewed vigor to make up for a lost year of research. His work
was prodigious, and to the uninitiated reader he seems to have been going in all directions at
once as he turned out new steam engines, perfected radio transmitters and receivers, founded
the art of electro-therapy, discovered X-rays, and laid the foundations far the entire art of
teleautomatics, or remote-controlled robots. In addition, he discovered different kinds of
mechanical vibrators that were useful both for personal massage, and could cause "controlled™
earthquakes. But now that we know what his goal was, we can see that each of these
pioneering areas of invention were simply new tools toward his end goal.
He developed mechanical vibrators because he wanted to know what the resonance
vibration (mechanical) was of the earth. Since he had calculated that this could be either in the
8 Hz region, or in the region of 0.00015 Hz, he built devices that could tap the earth at these
frequencies. Buthe was prudent and did a lot of research to make sure that these mechanical
vibrators were safe — for himself, for others, and for the planet. He found that the 0.00015 Hz
waves were too long to affect a human. However, in the 8 Hz range he found extraordinary
effects. He built a vibrating platform driven by a magnetic drive which he could vary over the
vibratory range of 6 Hz to 15 Hz. He would stand on this platform and record the effects on
himself. He found that in the low range, 6 Hz, one would develop a feeling of pleasant
dizziness, some mild nausea, and a profound pelvic relaxation that could lead to sudden
massive diarrhea. Today we would call this a cholinergic effect on the parasympathetic
nervous system. One day his friend Samuel Clemens, better known as Mark Twain, was
experimenting with the sensations induced by this vibrator. Clemens was feeling so good that
he persisted in staying on the machine after Tesla has warned him that he had had enough.
Clemens giggled and said he was having the best sensation of his life, and remember, he was
the one who had said, "A woman is just a woman, but a cigar is a good smoke." Suddenly, he
turned green, leaped off the vibrator, and headed directly into the nearby water-closet: he had
just been triggered into massive colic and diarrhea. Thus Tesla explored the effects of extra
low frequency (ELF) mechanical waves, electric waves, and magnetic waves on the human
body to check for possible hazardous effects, as well as beneficial effects.
Tesla, in exploring the effects of alternating electric currents running through his body,
founded the art and science of scientific electrotherapy [5]. Thus he was able to learn
which frequencies, voltages, and currents of alternating current were beneficial to man. In
working with very high voltages in vacuum tubes, Tesla observed as early as 1892 that there
were "invisible radiations” emanating from them. He was pursuing this subject vigorously at
the time his laboratory burned on March 13, 1895 and had laid out the whole science of X-
rays including shadowgraph pictures on photographic plates. When Prof. Wilhelm
Konrad
Roentgen announced his discovery of X-rays in December of 1895, Tesla was immediately
able to reproduce his results. However, Tesla did not publish his findings until March
11, 1896.[6] It is interesting to note that although Tesla worked for years near the X-rays
produced by his high voltage vacuum tubes, he was sufficiently aware of their danger so that
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he did not ever suffer any X-ray bums as did so many of his contemporaries. In the course of

the same studies, he discovered cosmic ray particles as early as 1893. [7] These were
rediscovered 30 years later by Robert A. Milliken. Thus, in his wide ranging hazard studies
Tesla clearly learned the biological effects of extra low frequencies, mechanical and
electrical, alternating currents from the top of the hearing range (20,000 Hz) and upwards,
light radiation, energetic radiation (X-rays), and energetic particles—electrons, protons, etc.
Today we can only laud his caution and concern far living things as he carefully explored the
bio-effects of the new energies he was generating.

In addition to the bio-effects, Tesla was also concerned about the effects of these new
energies on the dielectrics in his condensers, the insulation in his coils, and the effects of the
ozone and nitric oxides thus produced on men and materials. All of these effects he pursued in
minute detail, ever seeking to find new materials that would withstand the high voltages he
planned and the high frequencies and energetic particles he produced. One of his concerns
was for the ability of his structures to withstand the vibratory stresses of the extra low
frequency he planned to use. So he methodically vibrated the structures he built with his
mechanical generators. One day in his new Houston Street laboratory, he attached a small
(hand-sized) vibrator to a steel post of his building. Unknown to Tesla, within a few minutes
after the vibrator started, in the surrounding neighborhood windows began to shatter,
structural elements of buildings suddenly split, the ground trembled — all the effects of a
minor earthquake! People rushed to the local Mulberry street Police Station to complain. The
police, knowing of Tesla's presence, rushed to his laboratory. There, as they entered, they saw
Tesla swinging a sledgehammer at a small piece of iron attached to a pillar. As Tesla
dislodged the Iron piece, the trembling and rumbling of the building immediately ceased
Tesla had suddenly realized that his vibrator had hit the resonant frequency of his building -
and that it would soon collapse [8]. From such studies he learned to build his coils, towers,
and condensers to withstand the dangerous resonances inherent in such extra low frequencies.

We earlier mentioned Tesla's plans to test his finely tuned radio transmitters and receivers
just before his lab burned down. In the spring of 1897 Tesla carried out the final tests that
gave birth to modern radio. He mounted a radio transmitter and receiver in his laboratory at 46
East Houston Street, and a like pair aboard a ship that slowly moved up the Hudson River in
the direction of Indian Point opposite Bear Mountain just south of the famed West Point
Military Academy.

The ship and the laboratory continually broadcast messages back and forth over various
distances. The tests were a complete success. He announced the results on July 9, 1897 in the
ELECTRICAL REVIEW ~ on his 41st birthday. So complete was Tesla's command of the art
and science of Radio transmission, that after years of litigation, the U.S. Supreme Court ruled
in October of 1943 that Tesla had established clear priority over all other claimants in the
v, irld for the invention of radio.

But the perfection of radio was only a small part of the tools that Tesla needed for his
grand experiment. His highly tuned radios would be used to make a radio map of the earth,
and to precisely clock distances and velocity over the globe, hi addition, he knew that he
would have large complex equipment to operate and control during his experiments. Since he
worked alone ~ usually with only one assistant ~ he would need some means of doing fine
tuning, running controls, and reading data points at a distance from where he stood in
the experiments. To accomplish this he created the art of teleautomatics. This is the science of
remote control of devices and apparatus by means of radio commands. Today this art lies
behind the control of gun firing systems, torpedoes, aircraft, rockets, submarines, drone
airplanes, trains, subways, etc., etc. Yet Tesla mastered this entire art in a few years. In
September 1898 Tesla hired Madison Square Garden in New York City through the
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generosity of his friend John Hays Hammond. Here he displayed a steel boat several feet long
floating in a large tank. Anyone present in the hall could call out a command to have the
boat
forward or backward, turn right or left, go in a circle, etc. The boat promptly maneuvered
directed. The impression created on the public was truly wondrous. It seemed to them that
the boat had a mind of its own—an intelligent robot. What in fact happened was that as Tesla
stood at a simple control board, he heard the command given, and through his controls relayed
the proper command via radio signals to the boat. The excitement created by this invention
can best he shared bX reading the editorial in the staid Electrical Review of New York from
November 9
1898,

A NEW MARVEL:
As we go to press an invention of Tesla's is announced which must produce a
profound impression all over the world. Tesla has already identified himself with a
number of most remarkable scientific advances, and great things may still be
confidently expected as the fruit of his earnest and persistent labors, but it is difficult
for us to see how he could ever produce a more beautiful result than he now makes
known through a United states patent issued this week.

To direct and control to the minutest detail, by a subtle agent, the operations of a
mechanism however complicated and ponderous, to change its speed and direction at
will, to make it perform an unlimited number of movements, without any tangible
connection and from great distance, is indeed a closing days of this century of
wonders. When Bell transmitted the human voice over a wire so that the faintest of
its modulations could be recognized, it was marvelous triumph; when Edison
showed his fascinating invention of the phonograph, this, too, was justly looked
upon as a wonder; when Tesla first showed the phenomena of the rotating magnetic
field, or when he presented the magical effect of a tube of glass brilliantly lighted in
his hand, the world stood astonished; when Roentgen announced the epoch-making
discovery of the rays bearing his name, the scientific world was thrilled as never
before; but we believe that the beauty and importance of the invention Tesla has just
announced, in its ultimate developments, will be such as to place it among the most
potent factors in the advance and civilization of mankind. The fact that the invention
has been thoroughly and practically developed makes its immediate application
sure.

In this issue we begin the publication of the clear and exhaustive wording of
Tesla's own description of this invention, which will be concluded next week."

Now, as the end of 1898 approached Tesla had invented dozens of new tools, and carried

out thousands of measurements in hundreds of experiments in preparation of his grand

experiment. Money was always a problem. But his enthusiasm had been conveyed to many of

his rich friends, and their respect for his genius made it easy for them to donate the money he
needed.

Tesla could only carry out his next experiments in an area where large amounts of
alternating current were available. The number one candidate of course, was Niagara Falls,
N.Y., but here the cold weather, and long winter snowfall limited the working time to only a
few summer months. However, there was a large electric installation in Colorado used to
power Telluride Mining Company near Colorado Springs. An old friend, Leonard E. Curtis,
was in charge, and when he heard of Tesla's requirements, he invited him to work there. The
climate was ideal for year-round research, and the electric power available was adequate, so

Tesla decided to go to Colorado Springs. Besides, he would get away from the press who were
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always hot on his heels looking for a story. He arrived in Colorado Springs in early May 1899.
Before him were the tasks of getting land on which to build a laboratory, build a magnifying
transmitter from scratch, and test and calibrate all his measuring instruments. This was a
Herculean order which even a modern engineering firm could not undertake with a cost plus
contract and expect to deliver in less than a few years. Tesla arrived with a few of his
laboratory workers, and his engineering associate, Fritz Lowenstein. From Tesla's Colorado
Springs notebook, drawings and 436 pages of notes, calculations, photographs, we read that
he is conducting definitive experiments by the 11th of June 1899—and by July 3, 1899 has
made his first great breakthrough. The genius of Tesla and his workers in setting up one of the
great experiments of all time in such a short time is one of the eighth wonders of the world-
even to this day. And now let us recount what Tesla discovered.

Even though we have Tesla's notebook before us, we know that he never wrote down novel
discoveries until he could file for a patent. He had a life-long habit of keeping all the vital
elements of an invention filed secretly in his vast mental computer archive. Therefore, in this
reconstruction of his Colorado experiments we include elements that are not recorded, but
have become subsequent solid scientific knowledge.
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splash due to the low walls of thc glass, and we would havc losses of water (i.e.,
electricity). Now to conserve the water with use of high pressures and force, we would need
glasses with higher and higher walls. Those could eventually become long tubes, perhaps
hundreds of feet long. We now realize that with such long tubes we could not slosh the water
by hand, back and forth, with the rubes at right angles. We would need some high speed
apparatus do the transfer operation. But having done this we would find that the capillary
attraction between the water and the glass nails would slow down the transfer from one tube to
the other, end this is comparable to a resistance increase in the electric force current, and a
self-inductance increase (impedance increase) in the magnetic force. This would prevent
resonance attainment—or the maximum swing of force outwards to alternatively maximize
first the electrical potential, then the magnetic field potential. The higher the water swings in
each tube the greater the "potential” output of the water analog we use to portray the Tesla
Caoil. placing the electrical oscillations at the superconducting temperature, Tesla removed

the resistance to electron flow. This is equivalent to removing all the capillary attraction drag
exerted the water flow by the tube well,

Tesla further discovered that the greatest resonance is achieved in such a superconductive
state if the coils -the primary and the secondary are round in flat pancake spiral geometry.
This is illustrated in Fig. 8 from Tesla's patent drawing. A is the primary coil. B is the flat
wound secondary coil with the free end up and unlabelled (going to capacitor ball), and the
lower end C, grounded in the earth. D is the rank which holds the artificial refrigerant such as
liquid air, or liquid helium.

Now the primary A was connected through a condenser to the alternating current
generator from the Telluride Mining Company. Each cycle of current surge in the primary
induced a current in the secondary. The secondary is so wound, with it condensers tuned for
maximum resonance, that it resonates at 20,700 Hz, and the voltage is likewise stepped up to
attain potentials of millions of volts. Now Tesla had achieved far the first time on the planet
earth by means of superconductivity two freely oscillating circuits each with maximum
resonance, the primary and the secondary. We need no longer concern ourselves with the
primary - it is a given constant in the system. We now focus only on the secondary coil.

Tesla measured the length of the wire that goes into the winding of the secondary so that it

in exactly one quarter of a wave length long. Thus for 20,700 Hz the secondary wire is 3,838
meters in length (Tesla gives these figures in the Colorado notebook as 2.25 miles.) Now this
is another secret discovered by Tesla in his radio tuning experiments. If the coil wire length is
exactly one quarter of the wave length of its oscillating frequency, all the energy
(electrons) will slosh to one end of the wire (remember our water tube model) leaving the
other end of the wire with zero energy (no electrons). With this knowledge Tesla could direct
all of the energy into the earth with each cycle, and have virtually no radiation loss in the air;

or he could direct all of the electrical energy of the secondary coil to the free end in the air
with each cycle, in which ease he would get big sparks and radiation into the air. In the first
case he could transmit power through the earth. In the second case he could transmit radio
energy and information through the air.

He further arranged to have a large ball at the upper (Zero) end of the quarter wave length
long secondary coil which served as a condenser in the atmosphere. We have now described
in essence the machine which Tesla called a magnifying transmitter, the TMT. It was huge.
The primary coil formed a huge tub eighty-five feet across. The secondary coil in pancake
form (we do not have its dimensions) was placed inside of the primary as in Fig. 8. The mast
holding up the huge, shiny copper ball was several hundred feet high. Tesla was now
Prometheus, prepared to steal electrical fire from the Colorado sky. How did he go about this
unprecedented adventure?
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First, he turned on the generator switch that energized the primary coil so that it was freely
oscillating at 900 cycles. This induced a current in the secondary which was tuned to 10,700
Hz. Now the secondary oscillations per cycle must be clearly understood. Tesla had placed
high in the air at the upper end of the secondary wire, a large ball. When the secondary (0°-
90°) surged all of its electrons into the earth, they were directed toward the large iron core in
the center of the earth - a huge magnet. When the electric potential hit this magnet it caused
transient iron-cooling with a large release of energy. This iron-liberated electron energy was
sloshed back to the ball in the atmosphere on the return swing (900-2700). This charged up
the ball to a maximum and then the electron energy was released back into the coil (270°-0°-
90°) and earth to complete the full cycle. Now the oscillation had gained more energy than
the primary pumped into it because of two effects:

Let it be noted that two of Tesla's early patents (No. 396,121 Thermomagnetic
Motor, Jan. 15, 1889; and No. 428,057 Pyromagnetic Electric Generator, May 13, 1890)
converted heat directly into electricity. Today in modern industrial metal casting techniques,
hot castings are quickly and safely cooled without cracking by applying large electric
potentials. In his magnifying transmitter, Tesla used that principle to draw electrical energy
from the hot iron core of the earth and feeding it into the oscillator to get higher and higher
potentials. In addition, by placing the condenser ball in the atmosphere he drew on the free
charge in the air during the part of the cycle (0°- 90°) when the maximum potential on the
lower end of the secondary wire was in the earth, and its upper end was at zero potential.

Now he further increased the potential by now only having maximum resonant
within the secondary coil-condenser circuit itself, but by getting this entire oscillator to get
in perfect harmony (or resonance) with the absolute pitch of the earth itself.

This is how this was accomplished. Tesla had to establish whether the earth had electrical
charge, or not. With his sophisticated instruments he probed the earth, and found that it was
alive with charge, and that this charge had a natural heartbeat (of the earth) at 8 Hz [11]
Furthermore he found that the earth had an electrical charge in the atmosphere up to the
ionosphere which increased about 100 volts per meter, thus placing the earth/ionosphere
potential difference at hundreds of millions of volts. His findings clearly showed that the earth
by itself was resonant at 6 Hz (6.67Hz precisely). He now saw the earth as the inner conductor
plate of a spherical capacitor, with the ionosphere as the outer conductor plate [of a spherical
capacitor (same as a condenser)], and that the atmosphere was sandwiched between, as the
dielectric (or charge bearing gas). This condenser structure formed a resonating cavity with
a peak at 8 Hz (7.83Hz). Thus Tesla desired to get the electrical beat of the magnifying
transmitter secondary coil in resonance with these two resonant cavities of the earth. He did
this by pulsing (or chopping) the 20,700 Hz wave into segments with his magnetic interrupter
so that the pulses hit the earth 6 times per second, m this way, he was hitting the earth with
weak pulses of energy so that the earth began to ring like a bell. He discovered two new
things in this test. First, the electrical 6 Hz pulses tapped the earth with a sound which traveled
to the opposite pole (the antipode) of the earth and bounced back in 108 minutes (This it
about twice as fast than sound would travel in water if traveling the diameter of the earth and
back. - Ed. note). By keeping up this tapping he discovered the sonic stationary wave of the
earth. Secondly, he found that the electromagnetic wave also reached electrical resonance in
the earth, and that it traveled faster than the speed of light through the earth - or 471,240
kilometers per second. The standard speed of light in a vacuum is 299,000 kilometers per
second [12]. Tesla had found that at electrical resonance with the earth, electromagnetic
waves had become Supraluminal and Superconducting! In the supraluminal sense, they moved
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faster than the speed of light! Modern science has never tested this basic discovery.l
Later on, Tesla made the statement that if he tapped the earth in this fashion sonically for
just two weeks, it would spin the earth in two like a sliced apple! [13] Remembering his
experience in New York, he was careful not to trigger any earthquakes.
The electrical resonances at 8 Hz made it possible to electrostatically oscillate the
earth/ionosphere capacitor and create many startling effects. By a method he never disclosed,
Tesla was able to condense (or attract) mist and water from clear air. This was the first step
toward his plan of weather control. By putting two identical alternating current frequencies
into the air and carefully phase shifting them as in his rotating magnetic field (Fig. 3), he
found that he could precisely steer a high potential, high energy beam at any velocity he
desired around the planet. [14] By this means he planned to influence jet streams and trade
winds in order to move clouds around the planet and deliver water where needed. With his
ability to produce potentials as high as 20,000,000 volts (measured), he could create lightning
bolts over a hundred feet long. He believed that with improved technology of the magnifying
transmitter it was possible to produce 100,000,000 volts potentials.[15]
By the end of 1899 Tesla had achieved all of his scientific goals. He now knew that he
could transmit human information (voice and pictures) by wireless anywhere on the globe—
simply and efficiently. He knew that he could transport electrical power anywhere on the
earth by using earth as a conductor. He lit a bank of 200 light bulbs (10 kilowatts) by this
wireless means at a distance of 26 miles just to spot check his theory.[16]

He knew that he could control weather by either electrically collecting clouds for gathering

or dispersing their moisture), or by moving clouds along predetermined paths and releasing

their contents with an electrical trigger to produce rain.

He knew that with his sonic lapping of the earth—he called this the science of
Telegeodynamics —he could release and adjust the pent-up tectonic forces of the earth and
thereby prevent serious earthquakes.

He also knew that these extra low frequencies (ELF) both mechanical and electromagnetic,
had powerful effects on living things and must be used with caution until they were fully
understood.[17]
But most spectacular of all, he felt that he had achieved a test of his theory that all planets
and the sun were electrically charged, and that by perturbing this charge with his TMT
electrostatic forces, the planets could communicate with each other. To this end he wrote a
most fascinating article in Colliers for 1901 entitled, "Talking With The Planets"[18], He
further believed that by the same means man could tap on the breast of Mother Sun and
release her energy toward the earth as needed— magnetic as well as light. In his 43rd year,
Tesla, in spite of every possible
obstacle, succeeded in penetrating deeper into Nature's mysteries than any man before, and
had even grasped in his hand, the Promethean electrical fire from the sun—even if but for a
moment.
He dismantled his Colorado equivalent and laboratory in January, 1900 and returned to
New York City. The working knowledge of his secrets was not to be rediscovered until the
Soviets silently announced their success on July 4, 1976.

When Tesla returned to New York in early 1900, he made up his mind to try to start a

worldwide broadcasting service. But true to his usual solo pattern, he did not want to go

The blue glow of nuclear reactor cooling ponds is caused by Cherenkov radiation which is a
well-known physics phenomena where the particles exceed the speed of light in that medium.
The formula for the speed of EM phase velocity is v = 1/sqrt(LC) which can be faster than light
speed in a vacuum. See Dr. H. Milnes, "Faster than Light?" Radio Elec., Jan. 1983. -Ed. note
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public in any way by trying to finance his operation with many stockholders, or even partners.
Instead he went to the most powerful financier in the world, J.P. Morgan, who had been
impressed with the brilliant success of the Tesla polyphase system in powering the budding
industrial world of the United States. Morgan agreed to finance him on a private basis so that
Tesla could be his own boss. Tesla decided to build the improved commercial version of
the Colorado Springs Magnifying Transmitter 65 miles east of New York City an long
Island. This was the first step toward developing a "World Telegraphy System™ whose aim
was to bring all people on the planet earth into one shared information brain.

As the structure went up in the midst of a 175 acre trace of land, rumor was rife in the
little fanning community. No one had ever seen such a strange mushroom-shaped copper-
capped 185 foot high tower on this planet. It was designed by one of the most famous
architects of the day, Stanford White. The construction was closely guarded as some 50
workers toiled. Great curiosity centered on a mysterious stairway that went deep into the
ground in he center of a huge concrete platform that served as the base for the tower. The
New York Times for March 17, 1901 makes these curious observations:

"Mr. Scherff, the private secretary of the inventor, told an inquirer that the stairway
going into the ground led to a small drainage passage which was to keep the ground
below the tower dry. But villagers who watched the construction day by day tell a
different story.

They declare char it leads to a well-like excavation as deep as the tower is high,
with walls of masonwork and a circular stairway leading to the bottom. From there,
they say, tunnels have been built in all directions until the entire ground below the
little plain on which the tower is raised has been honeycombed with subterranean
passages. They tell with awe how Mr. Tesla, on his weekly visits to Wardenclyffe,
spends as much time in the underground passages as he does in the power plant on
the surface.”

So secretly did work proceed on this Magnifying Transmitter complex that in reading
newspapers and journals about it twenty years later we find the mystery still persisted. The
tower and structures were completed in 1902, just as Tesla ran out of money. Tesla was
unable to finance the construction and installation of the electrical equipment. There werre
many simple ways that Tesla could have financed the completion of his grand project. Why he
avoided success in the completion of the world Telegraphy System has never been explained
satisfactorily, by Tesla or anyone else although many speculations were offered. Tesla, in all
subsequent interviews, never wavered in his faith that the design was a practical possibility. In
spite of this faith and a burning desire to finish his lifelong quest of taming the electrical
forces of the earth, he never made a practical move to bring the effort to conclusion. And
even more strangely, no one else on the planet ever tried to duplicate his design—at least, not
until the mysterious Russian signals appeared all over the planet in early July, 1976.

SECTION FOUR

Tesla's Wisdom: The Legacy of his Planetary Thinking
1900-1943

Tesla spent the first half of his life penetrating the secret of planetary ecology. Having
opened the Pandora's box of planet earth, he was overwhelmed by the responsibility this
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kwowledge placed on him. Although he quickly shutthe lid on the box, the awesome
knowledge he now possessed haunted him for the remainder of his life. We find in his
speeches, conversations with friends, and in his writings, a total preoccupation with the
problems of war and peace. Since planet earth is suddenly faced with the knowledge of the
positive and negative potential effects coming from the use of the Tesla Magnifying
Transmitter, it would be well to get a grasp of the future possibilities we face by
reviewing Tesla's pioneering thoughts.

By June of 1900, Tesla had framed the problem facing humanity in a masterful
statement published in THE CENTURY his good friend Robert Underwood Johnson a
magazine ably edited by Tesla contemplated life in its broadest sense. As he surveyed the
earth, sun, the moon, the planets, and the far reaches of space, he could only state that man
has no way of knowing from where he comes, why he is on earth, or where he is going.
Tesla also saw so vividly that all observable processes in Nature - living or non-living -
follow a rhythmic cycle (Figure 2) of birth (0°), growth to physical maturity (90°), decline
from peak physical powers (180°, a resurging of mental and spiritual powers (270°), and a
weakening of such powers with death (360°)

The cycles are similar for plants and animals, the seasons, for the earth, the sun, and the
stars. Someday, the sun's fuel would be expended, and earth would become a block of ice and,
eventually, barren like the moon. But in this cycle there is always rebirth — and most
importantly with the rise and cyclical fall ~ ever the onward movement to an unknown
destiny. Being a scientist, Tesla knew that he could not deal with unknown past origins or
with the unknown future, but he could deal with the present; and for him the present with
characterized by the "onward movement."

In this philosophical perspective, Tesla recognized that whatever life was, in essence it was
the embodiment of some mysterious unknown principle in the flesh. Earthly life is then a
process in which this unknown principle faces the challenge of mastering the flesh ~ the earth
component of life. And, of course, Tesla's own life was a living proof of this thesis as he tried

to master the powers of the flesh, and bent his powers of soul and mind to communicate with
the laws of Nature — for him, the ultimate dialogue. Then, looking at earthly life from its
place of flesh, of mass, he abstracted a few rules for the management of human life. Asthe
mass of each individual and the collective mass of the entire biosphere hurtles on through
space, it acquired extra force from the velocity imparted to the mass, or, in sparse language:

Human Energy = 1/2 Mass Times Velocity Squared
or
E=12MV?

But he considered the velocity squared, VV, to be made up of two parts, a velocity V, which
we can compute; for example, the velocity of the spin of the earth, about 1,000 miles per
hour, and the velocity of movement through space, the sum of our orbital velocity around the
sun plus our velocity around the galaxy plus the velocity of the galaxy around something
else, [2] and so on to some unknown end. The latter unknown velocity, V, he called a
"hypothetical velocity" since it could not be quantified in his day. The equation he used, E =
1/2 MV? is the ordinary equation from mechanics for the kinetic energy of a moving mass.
Einstein went beyond this simple formulation and said that any mass has potential energy,
ultimately, in the amount where \V/ is replaced by the velocity of light, C, squared, or C*
thus:

E=MC?
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where the 1/2 term is dropped.

Now analyzing the dynamics of this equation for energy, Tesla points out that when a mass
is accelerated at a given velocity there are two main forces acting on it. One is the force
which holds it back, the resistance to motion: the retardant force. The other is the force which
moves it ahead: the advanced force. The balance of these two forces will determine how fast
the mass will move, and this in turn determines its energy content. The energy content can
be converted by various means to do work. Ultimately, Tesla said, humans are here on
earth to work — to convert their inherent mass-energy into work energy which will further
personal evolution, and the collective evolution of earth life.

But he also pointed out that in addition to modulating the retardant forces and the
advanced forces, one could increase the mass of humanity by increasing its numbers on the
biosphere in order to increase its energy content. The human mass can show increased energy
content, he said, by conserving itself hygienically by clean food, environment, and proper
exercises; by "the promotion of marriage, by the conscientious attention to the child, and
generally stated, by the observance of all the many precepts and laws of religion and hygiene
[3]. Tesla was most insistent on a high moral guidance of living processes. He expanded on
this theme in many of his writings. But he noted that the key obstacle to increasing the
human mass was the limitation of the food supply. Here Tesla made another practical and
brilliant contribution. He pointed out the well-known fact that the soil needed soluble
nitrogen to have a high yield of food. It was Tesla who discovered that high frequency, high
voltage electrical discharges were the cheapest method of getting the nitrogen from the air to
combine with oxygen and hydrogen to produce nitrogen oxides (NOX) and ammonia (NH3) -
the starting point of all soil fertilizers. Today hundreds of millions of tons of such fertilizers
are used on earth every year to increase agricultural production. However, after 75 years of
such nitrogen fertilizer use, man has begun to learn that it too presents a hazard to existence.
The nitrogen oxides evaporate from the soil and rises to the upper layers of the stratosphere
where they have a strange chemical action. This layer of the stratosphere contains a thin layer
of ozone, sufficient to act as a shield against deadly ultraviolet rays reaching the surface of the
earth. If these deadly rays reached earth, all life would be extinguished eventually beginning
with a dramatic increase in cancer in all living things. It is now known that the nitrogen oxides
have a peculiar catalytic effect in destroying ozone — each NO2 molecule can destroy about
10,000 ozone molecules! There is strong evidence that the ozone layer is now slowly being
depleted and thinned. This is due to the catalytic breakdown of ozone by many agents other
than the nitrogen oxides. But the TMT, wisely used, can selectively repair damage to the
ozone layer, and regulate the amount of ozone in the shield. Tesla was aware of this potential
use of the TMT. The Soviets have created this beneficial by-product of their global warfarfe
system, but have failed to tell the world about it. This will be explained later.

Tesla went on to analyze the retardant forces acting on the onward movement of man. He
compared these to frictional effects which can be cured by the proper lubrication. The
greatest of these retardant forces, says Tesla, is ignorance. And the greatest manifestation of
ignorance, he points out, in "civilization" is organized warfare. The best lubricant for
ignorance is education which becomes an "eraser" of ignorance. But the problems of war,
Tesla realizes, are ultra-complex. First, he recognizes that an orderly society needs to have
the governing influences of law, and a means to enforce laws, i.e., police. He analyzes
brilliantly how war feeds on ignorance, its appeal to bravery and sacrifice, and the lure of
medals and other rewards and honors that come from battle. In his incisive way he proposes a
solution unthought of in 1900: eliminate men as combatants of war! In the process of
education, he says, we should escalate war to the level of a sophisticated game in which man
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has no role except to produce teleautomatons, i.e., robots. Since he was the one who created
this science he could also brilliantly advise as to how to use it. But these robots would have
all the intelligence and skill of thinking man. They would exist in the form of "thinking"
aircraft and rocket spacecraft — maneuvering with respect to each other's intentions without
interference by man. But they would only outwit, or destroy each other—not man or
the
planet earth, When this was achieved technically, man would be cheated out of getting a
personal thril out of war, and this barbarous practice would be replaced by true, creative
peaceful processes. Today as some 4,000 satellites clutter space, and we read press reports
of the U.S. and the Soviet Union having developed satellites that can carry on warlike acts
between themselves, Tesla's vision approaches reality.
What Tesla believed in strongly, up to 1930, was that war could be abolished by
pushing the tools of war to such sophistication that they could operate independently of
man. To this end he developed from the TMT a machine that could put up an invisible
curtain of defense around any country, which was not penetrable by aircraft or missiles,
However, he later modified his thinking when he realized that all automation of war weaponry

war in the direction of "overkill." That Tesla himself did not actively develop the many
teleautomatons he designed torpedoes, submarines, aircraft, etc., is proven by a curious set of
historical events.

One of the private benefactors of Tesla beginning in the 1890s was John Hays Hammond,
the great mining engineer who became the U.S. Ambassador to the Court  of St. James in
England. Hammond lived in Gloucester, Massachusetts on the seacoast facing the reef of
Norman's Woe. His great friend and neighbor was Colonel William House, who in turn was
the personal political adviser of President Woodrow Wilson, the U.S. President from 1914-
1918, and 1918-1922. John Hays Hammond had a son, John Hays Hammond, Jr., or, as my
friend Jack Hammond. When Jack was a student at the Sheffield Scientific School of Yale
University he met Tesla through his father, Jack told me that this meeting changed his life
- he wanted to follow in Tesla's footsteps for a career. During many conversations between
Col. House, John Hammond, Tesla, and Jack before World War | started, they discussed the
inevitable coming of this war, and how unprepared America was. When Wilson was elected
President in 1914, Col. House was in a key position to inform the President of Tesla's ideas
with respect to peace and war. President Wilson wanted peace, and kept America out of the
war as long as possible. But he was also responsible for making sure that America was
prepared for war. Col. House persuaded President Wilson to start a secret program of putting
Tesla's teleautomatics into practical use by the U.S. Navy. Tesla declined to participate in this
program to build war machines. But he allowed young Jack, who was only 25 years old to go
ahead with his ideas [4]. Jack entered into contractual arrangements with the U.S. Navy for
several millions of dollars, and perfected and applied the Tesla teleautomatic patents to
battleships, torpedoes, gun-fire control, submarines and aircraft. Jack received several
undred U.S. Patents as result of his work. When the U.S. entered World War | in 1917, it
was armed with the best of Tesla's ideas for automation of warfare.

When Tesla saw World War Il coming as early as 1935, he secretly offered his "Wall of
Force™ defense system to Great Britain, Canada, and the United States. His aim was not to get
rich, because he was now thoroughly adjusted to his monastic life, but only to prevent war,
and secondly to save the best values in Western civilization against the satanic doctrine of
Adolf Hitler. But the military advisers of these great powers from 1935 to 1939 were blind to
Tesla's advanced technology. As we now sadly know, it was not until 1976 that the Soviets
were able to recapture the advanced thinking and technology of Tesla. And now, as in 1914,
and 1938, the world teeters on the brink of another world conflagration, but this time armed
with nuclear weapons, military computers, and mind-enslaving global magnetic warfare
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methods.

But in 1900 Tesla was still optimistically trying to chart the long course man had to work
through to find peace. In addition to working out methods to increase human mass-
energy as outlined, and his vast contributions to lubricating the retardant forces with
teleautomatic science and technology, he contemplated methods of increasing the advancing
forces in man's energy equation.

His analysis is superb. He points out that all of the energy on earth available to man coal,
oil, wood, waterfalls, tides, wind, solar radiation, etc., all come from the sun. The best way to
increase the energy contribution of the advancing forces on man is to capture more of the
motive power of the sun, thereby amplifying man's natural energy endowment. This
amplification would increase his work output, acting on himself, the environment, and in
evolution. The onward movement of man would be accelerated. He points out in no
uncertain terms how barbarous it is of man to burn up millions of year's inheritance of wood,
coal and oil in a few generations. Man must find renewable, non-depletable sources of
energy. He then produced a long list of inventions to bring about this result. He invented an
advanced type of steam engine to more efficiently utilize coal; he invented and perfected the
best high pressure steam turbines ever known; he devised apparatus to capture the vast
geothermal energy of the earth. He invented solar energy devices that converted sunlight
by day into electricity, and the sun's radio waves by night into electricity. He invented
devices to convert heat directly into electricity — thermoelectric machines. He devised
methods to convert magnetism, or gravity directly into motive power. And all the electrical
output of these inventions was to be transported wherever needed on the planet by a grid of
Tesla's Magnifying Transmitter Towers.

But he reserved his highest skill and greatest dedication to finding ways to extract
energy from what he called the ambient medium - literally the thin air and/or vacuum
around us. Today we would call this goal the extraction of energy from zero-point vacuum
fluctuations. This process also contemplates penetrating the wall of light, the velocity-of-light
barrier, to extract energy from the domain of tachyons, particles exceeding the speed of light,
at supraluminal velocities. Theoretically, this energy transfer across the wall of light occurs
through mini-black holes, and mini-white holes, a theory not yet proven, but under active
discussion by scientists today.

Tesla outlined the five elements that must be mastered to extract energy from the ambient
medium. But his approach did not contemplate extracting energy from mini-holes (something
of the order of 10*° centimeters diameter), but from the vacuum regions between the
planets. He planned by modulating the electrostatic forces around the earth, and thereby
perturbing the sun, to draw energy from the sun to earth. His five elements were outlined by
him.

First, he needed a mechanical modulator that would tap the earth to bring out full
mechanical resonance. This would produce a sonic wave bouncing from pole to anti-pole
every 108 minutes. He solved this problem by means of a unique steam engine which he
exhibited as early as 1893 at the Chicago World's Fair.

Second, he needed to develop an air compressor that would liquify the air in sufficient
amounts to run his huge TMT secondary coil at superconducting temperatures. He worked for
a long time at this problem, but it was solved by Dr. Carl Linde working independently, and
Tesla was the first to give him recognition for priority.

Third, he had to perfect the TMT in order to utilize the upper stratosphere and the
certain layers of the ionosphere as a conductor of electricity. In Figure 5 we see the bulb
model of the earth/ionosphere condenser. The earth is represented by the central bulb, S; the
ionosphere is represented by the outer glass globe, L. The intervening space between S and L
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represents the atmosphere. In Figure 6, the earth, S, is energized by the TMT and light (radio
waves) resonating between the earth, S, and the ionosphere, L, in different patterns as
shown also in Figures 7 and 8. Figure 8 shows that a beam of light can be formed in this
model. Figure 10 shows more clearly how such a beam is formed which we have been calling
a "standing wave". In Figure 10, we have two velocities of electromagnetic waves interacting:
velocity AC-1 emanates from Riga (1) as ionosphere electromagnetic waves moving at the
velocity of light, c, and goes to Point (4). Velocity AC-2 goes from Riga (1) directly into the
earth through the hot iron core where it picks up energy and a velocity greater than c, the
tachyonic level, to reach the antipode at (2). At (2), much of the energy dissipates into space,
and some of it is reflected by scattering around the iron core in the cone shape to (3) and thus
the standing wave, SW, is formed by velocity-phase interference patterns. These phase
relations work very much like the rotating magnetic field phasing of Figure 2 to produce a
magnetic standing wave. This magnetic standing wave can be moved, steered or made
stationary (at any rate desired) by adding another wave to the system, emanating from Gomel.
When the wave from Riga, and the one from Gomel are properly phase-locked, the wave, SW,
can slowly sweep around its great circle route, or can be made to stand still over cities like
Timmins, Ottawa, New York, Peking, etc. The Soviets have used the region between
Timmins, Ontario and Ottawa, Ontario, very heavily as a human experimental territory
because they had a large spy network in this area ready to report the local effects back to
Moscow by secure diplomatic pouch. This spy ring was broken up by the Royal Canadian
Mounted Police (RCMP) in February, 1978, and 26 KGB agents operating out of the Russian
Embassy in Ottawa were expelled from the country. [7] As we have already amply
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documented from Tesla's models, his Colorado springs experiments, and the Soviet
experiments, tins thud element of ionospheric conduction has been mastered. The Soviets
perfected Tesla's art by having a large satellite in polar orbit with a nuclear power plant of
100KW aboard to help control the standing wave pattern. On January 24, 1978, this nuclear
powered Soviet satellite crashed in the Great Slave Lake region of Canada. [8] It is not
known yet whether the U.S. government shot it down with one of its Killer Satellites. Only
time will reveal the depths of the secret struggle going on between the Soviet Union and the
United States for mastery of the skies over planet earth. Thus the third element involves an
electric oscillator (the TMT) that will resonate the electrostatic forces operating between the
earth conductor and the ionospheric conductor.

The fourth element requires all of Tesla's art of teleautomatics, including computers and
satellites to precisely tune the earth to resonance to produce the desired effects.

The fifth element requires the earth tuning of the fourth element to be extended to
bringing the sun into resonance with the earth. [9] This immediately sets up interplanetary
communications of much energy between the two bodies. The trick is to control the flow of
energy from earth to sun in perfect balance for life functions. This is not easy, and too little is
known about what can happen.

The ideal full wavelength for an 8 Hz wave is approximately 23,500 miles long
(comparable with the circumference of the earth - Ed. note). A one-quarter wavelength for 8
Hz is 5875 miles, and this is 1.48 earth radii long. A one-quarter wave length signal for 8 Hz
generated on the earth would resonate as shown in Figure 11. The Table and Figure 11 also
show that the inner belt of protons can be used to resonate frequencies from 6.66 Hz to 10.80
Hz. This is the filter mechanism most likely used by the Soviets, in addition to the satellite
orbiting at this same altitude.

TABLE

Inner Belt Proton Resonance as a Function of Wavelength and Distance as Earth Radii.

Since the solar wind produces particles that have an average kinetic energy eight times
that of the magnetic energy density, we have a constant source to energize the inner belt
protons in order to maintain resonance, at a center frequency of 8 Hz. It is now beginning to
be realized that such a mechanism does indeed affect the earth's magnetic field, which in turn
affects the weather. In the early 1960's, Dr. Robert Uffen pulled together a lot of data
collected since the 1700's to show that the magnetic flux variations from the sun, known as
the 11.1 year sun spot cycle, had a controlling effect on the fluctuations of the earth's
magnetic field. But his most important finding was that long term world climatic changes
could be correlated with changes in the earth's magnetic field. This basic discovery was
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quickly followed by a report from Columbia University, which showed that when the intensity
of the earth's magnetic field decreases the average world temperature also decreases, as well
as the reverse effect.

Dr. J.W. King of the Appleton Laboratory in the United Kingdom extended these findings

in 1974. He found that over the northern hemisphere of our planet, the magnetic field strength
contour lines matched the atmospheric pressure contour lines. The centers of low atmospheric
pressure coincide with the centers of highest magnetic intensity. Furthermore, Dr. King
showed that atmospheric pressure patterns take the form of a dumb-bell shape with a low in
each end, and this is matched by a similar contour for the magnetic field. Dr. King's paper
published in NATURE, January 18, 1974, founded the new science of magnetometeorology
linking geomagnetism with meteorology.

We have tried to show, in simplified and abbreviated form, how an 8 Hz magnetic wave
is a common universal factor connecting protons in the brain with protons in the sun, and how
the earth and the solar wind are organized as a filter mechanism for the 8 Hz magnetic
frequency which is so fundamental to a balanced healthy state for living things. We have
also indicated the mechanism whereby very small, plus or minus, deviations from an 8 Hz
center frequency can induce pathological states in people, and most likely in all living
things on this planet. [22] It is also very clear that in carrying out their experiments
with the Tesla Magnifying Transmitter, the Soviets are exploiting only the pathological-
inducing effects, as we shall show in the succeeding chapters.

But there is one effect that nobody dares mention, except one man. This is the possibility

of impressing human thoughts, neutral, good, or bad, upon the ELF waves as the carrier
system. There is no easy explanation of this phenomenon, but I will give a personal
experience that may convey the essential idea. In 1961, | was with the late Aldous Huxley,
and his wife Laura. From them | learned that Laura had a gift for making non-contact motions
with her hands over sick people, and in some cases had helped the patient. One case in
particular intrigued me, where Laura had cured a patient of paroxysmal ventricular
tachycardia (a sudden and dangerous form of heart racing) | arranged to have Laura and her
"now cured" heart patient monitored electronically while non-contact hand passes were
carried out by Laura. To my great surprise, | found out that when Laura's hands passed about
four inches over the skin of the patient, that both she and the patient came into resonance by
producing enormous ELF waves in their separate EEG's at a peak power centered on the 8 Hz
frequency. This test was repeated over and over again until | was satisfied that this was a
genuine EM induction effect. Others have repeated my work since then and confirmed it.

Since healing has been observed with a process of 8 Hz EM wave induction, it was
logical to assume that precise information transfer had occurred in order to correct the
organic defect in the patient. This also meant that potentially one could transfer other kinds of
information if one knew how to impress thoughts upon an 8 Hz carrier wave. The question
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now arises as to whether the Soviets have taken this step, and added this mental modulation
possibility to their ELF, TMT experimentss. [23] My friend, Thomas Bearden, (Lt. Col.

USA, Ret.) says, yes, emphatically.

Thus we now begin to understand what Tesla's visionary mind was seeing as he
contemplated the TMT as a means of controlling the solar system for the benefit of earth and
man. We shudder, as today we contemplate the awesome power wielded by the military
machine of the Soviet Union. It is fearsome enough to contemplate Soviet scientists'
manipulation of the earth's weather patterns, and men's mind - in secret disregard for
humanity's needs. But to play Jovian games with the sun's energies and thereby imperil
the entire solar system is unquestionably the ultimate insanity of "civilized" man! We
can now understand why Tesla kept his knowledge of the sun secret from men. He knew that
they could not be trusted to wisely use this power. But now that the secret is out, and is being
used for anti-humanitarian and evil ends, all of mankind must rise in protest and stop this
barbarous abomination against man and God.

When the original manuscript of this book was written in 1978-1979, 1 did not know that
the U.S.A. had started to build TMT's in reaction to the Soviet TMT's. Now (1985) we know
that the U.S.A. has operational TMT's directed against the Soviet Union. Thus all humanity
and all forms of life are helplessly being bombarded by ELF signals designed to weaken and
damage them. (The HAARP Project has recently been connected to such Tesla technology as
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indicated on the latest Public Broadcast Station show on Tesla, available from
www.pbs.org/tesla, but the add war EMI battle cited here hopefully may have subsided by
now. - Ed. note)

SECTION FIVE

Titanic Forces Unleashed by the USSR (1976 - 1986) and by the USA (1980 - 1986)

The first definitive analysis of the new Soviet TMT technology appeared in the authoritative
journal Aviation Week & Space Technology. May 2, 1977, "Soviets Push for Beam Weapon,"
[1] and I quote:

"The Soviet Union is developing a charged-particle beam device designed to
destroy U.S. intercontinental and submarine-launched ballistic missile nuclear
warheads. Development tests are being conducted at a facility in Soviet Central
Asia. The Soviets also are exploring another facet of beam weapons technology and
preparing to test a spaceborne hydrogen fluoride high-energy laser designed for a
satellite killer role. U.S. officials have coined the term directed-energy weapons
and high-energy lasers.

A charged-particle beam weapon focuses and projects atomic particles at the
speed of light which could be directed from ground-based sites into space to
intercept and neutralize reentry vehicles, according to U.S. officials. Both the
USSR and the U.S. also are investigating the concept of placing charged-particle
beam devices on spacecraft to intercept missile warheads in space. This method
would avoid problems with propagating the beam through the earth's atmosphere.
Because of a controversy within the U.S. intelligence community the details of
Soviet directed-energy weapons have not been made available to the President or to
the National Security Council.

Recent events have persuaded a number of U.S. analysts that directed-energy
weapons are nearing prototype testing in the Soviet Union. They include:

1) Detection of large amounts of gaseous hydrogen with traces of tritium in the
upper atmosphere. The USAF TRW Block 647 defense support system early
warning satellite with scanning radiation detectors and infrared sensors has
been used to determine that on seven occasions since November, 1975, tests that
may be related to development of a charged-particle beam device have been carried
out in a facility at Semipalatinsk.

2) Test of a new, far more powerful fusion-pulse magnetohydrodynamic generator
to provide power for acharged-particle beam system at Azgir in Kazakhstan
near the Caspian Sea. The experiment took place late last year in an underground
chamber in an area of natural salt dome formations in the desert near Azgir and was
monitored by the TRW early warning satellite stationed over the Indian Ocean.

3) Point-by-point verification by a team of U.S. physicists 126 and engineers
working under USAF sponsorship that the Soviets had achieved a level of success in
each of seven areas of high-energy physics necessary to develop a beam weapon.

4) Recent revelations by Soviet physicist Leonid I. Rudakov [2] during a tour
last summer of U.S. fusion laboratories that the USSR can convert electron beam
energy to compress fusionable material to release maximum fusion energy. Much of
the data outlined by Rudakov during his visit to the Lawrence Livermore
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Laboratory has since been labeled top secret by the Defense Department and
the Energy Research and Development Administration.

5) Pattern of activity in the USSR, including deployment of large over-the-horizon
radars in northern Russia to detect and track U.S. 1CBM reentry vehicles,
development and deployment of precision mechanical/phased-array anti-ballistic
missile radar and massive efforts aimed at civil defense. The Semipalatinsk facility
where beam weapons tests are taking place has been under observation by the U.S.
for about 10 years. The central building at the facility is believed by some officials to
contain a collective accelerator, electron injector and power stores. The building is
200 ft. wide and 700 ft. long, with walls of reinforced concrete 10-foot thick, the
entire facility, with its associated support equipment is estimated to have cost
$500 million. The test site is at the southern edge of the Semipalatinsk nuclear test
area, and it is separated from other test facilities. It is surrounded by a series of
security fences. The total amount invested by the USSR in the test project for the 10
years' work there is estimated at $3 billion by U.S. analysts. The U.S. used high-
resolution photographic reconnaissance satellites to watch as the Soviet technicians
had four holes dug through solid granite formations not far from the main large-
building at the facility. Mine heads were constructed over each opening, and
frames were built over the holes. As tons of rocks were removed, a large
underground chamber was built deep inside the rock formation. In a nearby building,
huge extremely thick steel gores were manufactured. The building has since been
removed. These steel segments were parts of a large sphere estimated to be about 18
meters (57.8 ft.) in diameter. Enough gores for two complete spheres were
constructed. U.S. officials believe the spheres are needed to capture and store energy
from nuclear-driven explosives or pulse-power generators. [3] The steel gores are
believed by some officials to be among the earliest clues as to what might be taking
place at the facility. The components were moved to the nearby mine heads and
lowered into the chamber. One of the major problems in gaining acceptance of the
concept within the U.S. scientific community was to convince high-energy physics
experts that the Russians might be using nuclear explosive generators as a power
source to drive accelerators capable of producing high intensity proton beams of
killing potential. U.S. officials, scientists and engineers queried said that the
technologies that can be applied to produce a beam weapon include:

1) Explosive or pulsed power generation through either fission or fusion to
achieve peak pulses of power.

2) Giant capacitors capable of storing extremely high levels of power for fractions
of a second.

3) Electron injectors capable of generating high-energy pulse streams of electrons at
high velocities. This is critical to producing some types of beam weapons.

4) Collective accelerator to generate electron pulse streams or hot gas plasma
necessary to accelerate other subatomic at high velocities.

5) Flux compression to convert energy from explosive generators to energy to
produce the electron beam.

6) Switching necessary to store the energy from the generators in large capacitors.

7) Development of pressurized lines needed to transfer the pulses from the
generators to power stores. The lines must be cryogenically cooled because of the
extreme power levels involved.

For several years, Air Force Maj. Gen. George J. Keegan, who until his recent
retirement headed USAF's intelligence activities has been trying to convince the
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Central Intelligence Agency and a number of top U.S. high-energy physicists that
the Soviets are development a charged-particle beam weapon for use in an
antiballistic missile role.

It was anticipated by Gen. Keegan and his advisers that the USSR would be forced
to vent gaseous hydrogen from the experiments at Semipalatinsk and that early
warning satellites could detect it. Liquid hydrogen in large amounts is believed by
some officials to be utilized to cushion the nuclear explosive generator sphere and for
cryogenic pumping of large drift tubes nearly a kilometer in length through which the
beams are propagated for underground testing. In both cases, large amounts of
gaseous hydrogen are formed and released into the atmosphere, probably carrying

large amounts of nuclear debris or radioactive tritium that can be exploded at

altitude and dispersed to avoid harming the people below, according to some U.S.

scientists. "Explosions of such gaseous hydrogen discharges are now being
detected with regularity from Soviet experiments,” a U.S. official said, "and
scientific studies of the gas releases and explosions have confirmed their source as
being near the Semipalatinsk facility."

In recent public pronouncements, Gen Keegan has taken the CIA to task for having
rejected Air Force Intelligence information about Soviet beam weapon development.
He also has spoken bitterly about a number of top U.S. physicists who refuse to
accept even the possibility that the Soviets are involved in beam weapon
development. Most of the physicists who would not accept the data were older
members of the scientific community who had been involved in research and
development from the early days of a project called “"Seesaw” The U.S. attempted
unsuccessfully to develop a charged-particle beam device under the project code
named Seesaw. It was funded by the Defense Department's Advanced Research
Projects Agency but abandoned after several years.

A number of influential U.S. physicists sought to discredit General Keegan's
evidence about Soviet beam development. The general attitude was that, if the
U.S. could not successfully produce the technology to have a beam weapon, the
Russians certainly could not. "It was the original not-invented-here attitude,” one of
the U.S. physicists said.

There were about 20 hypotheses advanced by these physicists and the CIA's
Nuclear Intelligence Board as to what the facility at Semipalatinsk was being used for
by the USSR. One theory was that it was a supersonic ramjet test site and another
was that it was a nuclear reactor test site for commercial applications. That was based
on the layout, which resembled some reactors in the USSR "There is now no doubt
that' there is dumping of energy taking place at the site with burning of large
hydrogen flames,” one official said [5] "What bothered the Nuclear Intelligence
Board at first was that it was hard to imagine that some seven technologies
critical to the weapons concept could be perfected there within the time frame
presented and not be detected by us."”

It is obvious that the splashing of radio interference all over the planet originating in the
Soviet Union has military scientists on edge as they try to second guess Soviet intentions
and technology. It is not too surprising that the U.S. military analysts would "guess” that the
Soviet Union were developing a "directed-beam™ weapon, for this idea has a long history. The
invention of the directed-beam goes back to the year 1900, when Nikola Tesla invented his
"magnifying transmitter” which developed such high voltages that it equaled lightning bolt
effects found in nature. However, he did not reveal to the world the development of his

135



"directed-beam" until his 78th birthday. Joseph W. Alsop, Jr., writing in the New York Herald
Tribune on Wednesday, July 11, 1934, says under the headline:

Beam to Kill Army at 200 Miles. Tesla's Claim on 78th Birthday.
"Dr. Nikola Tesla, inventory of polyphase electrical current, pioneer in high
frequency transmission, predecessor of Marconi with the wireless, celebrated his
78th birthday yesterday by announcing his invention of a beam of force somewhat
similar to the death ray of scientific romance.

It is capable, he believes, of destroying an army 200 miles away. It can bring down
an airplane like a duck on the wing, and it can penetrate all but the most enormous
thicknesses of armor plate. Since it must be generated at stationary power plants by
machines which involve four electrical devices of the most revolutionary sort, Dr.
Tesla considers it almost wholly a defensive weapon. In peace times, he says, the
beam will also be used to transmit immense voltages of power over distances
limited only by the curvature of the earth.

He came to the idea of a beam of force, he said, because of his belief that no
weapon has ever been found that is not as successful offensively as defensively.
The perfect weapon of defense, he felt, would be a frontier wall, impenetrable and
extending up to the limits of the atmosphere of the earth. Such a wall, he believes, is
provided by his beam of force. It is produced by a combination of four electrical
methods or apparatuses. First and most important is a mechanism for producing rays
and other energy manifestations in free air. Hitherto vacuum tubes have always been
necessary. Second is an apparatus for producing unheard-of quantities of
electrical current and for controlling it when produced. The current is necessary
as power for the first mechanism. Without this, no rays of sufficient strength could
be produced. The third is a method of intensifying and amplifying the second
process, and the fourth is a method of producing ‘'tremendous electrical repellent
force.'

"These four inventions in combination enable man to let loose in free air forces
beyond conception,” Dr. Tesla remarked mildly. By scientific application we can
project destructive energy in thread-like beams as far as a telescope can discern
an object. The range of the beams is only limited by the curvature of the earth.
Should you launch an attack in an area covered by these beams, should you say,
send in 10,000 planes or an army of a million, the planes would be brought down
instantly and the army destroyed. The plane is thus absolutely eliminated as a
weapon; it is confined to commerce. And a country's whole frontier can be
protected by one of the plants producing these beams every 200 miles. Nor should
they be much more costly than an ordinary power plant.

The beam of force itself, as Dr. Tesla described it, is a concentrated current it need
be no thicker than a pencil, of microscopic particles moving at several hundred times
the speed of artillery projectiles. The machine into which Dr. Tesla combines his four
devices is, in reality, a sort of electrical gun. He illustrated the sort of thing that the
particles will be, by recalling an incident that occurred often enough when he was
experimenting with a cathode tube. Then, sometimes, a particle larger than an
electron, but still very tiny, would break off from the cathode, pass out of the tube
and hit him. He said that he could feel a sharp, stinging pain where it entered his
body, and again at the place where it passed out. The particles in the beam of force,
ammunition which the operators of the generating machine will have to supply will
travel far faster than such particles as broke off from the cathode, and they will travel
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in concentrations, he said. (Tesla probably discovered "charge clusters” that
penetrated his body, which were acting as an anode at ground potential. Ken
Shoulders rediscovered fifty years later that millions of electrons can coagulate into
clusters and penetrate any object, even steel. He also patented the process as a new
source of energy #5,018,180 and #5,148.461. - Ed. note)

As Dr. Tesla explained it, the tremendous speed of the particles will give them their
destruction-dealing qualities. All but the thickest armored surfaces confronting them
would be melted through in an instant by the heat generated in the concussion. Dr.
Tesla declared that the two most important of the four devices involved in his force
beam generator, the mechanism for producing rays in free air, and the mechanism
for producing great quantities of electrical current, had both been constructed and
demonstrated by actual experiments. The two intensifying and amplifying
apparatuses are not yet in existence but he displayed the most perfect confidence
that when they are, they will work as he expects them to do."”

In a letter to His Majesty's government of Britain, dated August 28, 1936, Tesla offered
the secrets of his "beam of force™ weapon. During the ensuing correspondence with the
Director of Mechanization, the War Office, London, S.W. 1 [84/T/3458 (M.G.OADb.)], there
is a letter from Tesla dated October 26, 1937 in which he states:

"My discoveries and inventions for securing complete immunity from any form of
attack constitute the most revolutionary technical advance in history and will affect
profoundly the future of humanity. They will save the lives of millions of people and
prevent destruction of property of inestimable value in all countries. They may also
be the means of preserving and strengthening the greatest empire on earth.”

Tesla in this letter pressed for an early decision on the part of His Majesty’'s government,
and then said, "I am indifferent now as to whether these terms are accepted or not, but
venture to point out in all deference that if England does not take advantage of the present
opportunity, some foreign power might later exact a price so great as to strain to the utmost
the financial resources of Great Britain and cripple it seriously."

I might add that Tesla estimated in 1937 that the first beam of force plant could be built
for 10 million pounds sterling. Who knows, but God, what the history of World War 11 might
have been, had the British, in 1937, developed Tesla's beam-of-force defense system? Today,
forty years later, there is a possibility that the scientists of the Soviet Union have solved the
secrets of Tesla's beam-of-force system, now called the directed-beam system. The full
implications of the possible Soviet breakthrough are best summarized in the editorial in
Aviation Week for May 2. 1977 [8]:

"The Soviet Union has achieved a technical break-through in high-energy physics
application that may soon provide it with a directed-energy beam weapon capable of
neutralizing the entire United States ballistic missile force and checkmating this
country's strategic doctrine. The hard proof of eight successful Soviet tests of
directed-energy beam weapon technology gives new and overriding urgency to bring
these developments into the public domain and rip the veil of intelligence
secrecy so that this whole matter of vital national urgency and survival will finally
be brought to the attention of the President of these United States, the Congress
and the citizens of this republic whose future is at risk. In all of the previous four
years that these Soviet developments have been known to the official intelligence
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community, they have been stifled by a conspiracy of skepticism and silence and
never once penetrated to the highest decision-making council of this country. The
incredible story of how the Soviets leap-frogged a generation of high-energy
physics technology and developed a workable experimental model of a directed
energy beam weapon now has been largely verified by the successive Soviet tests
at Semipalatinsk and Azgir and the brilliant work of a small group of extremely
young physicists in this country. The fact that this country still has a chance of
avoiding a crippling technological surprise that could render its entire strategic
missile force ineffective is due to the courageous, dogged and perceptive work of a
handful of U.S. Air Force intelligence specialists who polarized around the
leadership of Maj. Gen. George Keegan, Jr., recently retired chief of Air Force
intelligence.

We do not suggest any formal conspiracy to suppress the mounting evidence of a
massive Soviet research development, and industrial push aimed at the goal of an
anti-ICBM directed-energy beam weapon. Rather it was a combination of smug
American assurance that the Soviets were simply not capable of out-reaching us in
any technological race and the intellectual arrogance of elderly scientists who
through the ages have spent their twilight years proving that the next generation of
breakthroughs is 'impossible.’

In modern times, we have the continuing example of Dr. Vannevar Bush, who
thundered that the ICBM was a technical impossibility, and the assortment of
scientists in the Eisenhower era who firmly believed that manned spaceflight
should be abandoned because the human system could not survive its rigors. It was
a similar group of high-energy physicists, some heavy with Nobel laurels, who
encouraged the natural technical illiteracy of the Central Intelligence Agency to
discount the steadily growing stream of Soviet developments and to lead the bitter
intramural battles that suppressed the evidence from higher government councils
for crucial years.

There is still considerable debate over the real significance of the Soviet tests at
Semipalatinsk and Azgir and how long it will take the Soviets to translate their
experimental developments into a usable weapon. But there is no longer much doubt
among top-level U.S. high-energy physicists that it is feasible to develop a directed-
energy beam device.

There is also an element in the Pentagon that can visualize the eventual Soviet
deployment of the directed-energy beam weapon as the end game of an intricate
chess exercise that began with the 1972 negotiation of the anti-ballistic missile
treaty, which effectively stopped not only U.S. deployment of an anti-ICBM
system but also most of its significant on-going research and development. The
hypothesis for this chess game, which ends in the early 1980's with the triumphant
Soviet shout of ‘check and mate," involves the U.S. finding its strategic deterrent
ballistic missile force stripped of any defensive system, with the Soviets using
their anti-ICBM directed-energy beam weapon to negate a U.S. retaliation and a
strong civil defense shield to minimize damage from the few warheads that night
penetrate.

The race to perfect directed-energy weapons is a reality. Despite initial skepticism,
the U.S. scientific community now is pressuring for accelerated efforts in this area.”

While the Western military mind was focusing its tunnel vision on hardware and its
physical effects on material systems, the Soviets were creating subtle but profound effects on



the entire planetary biosphere. We shall review a number of the various effects that the
Soviets induced in living things in this chapter. The history of Soviet research in affecting
living things with electromagnetic radiation has a long history, and the interested reader is
referred to the recent book by Alexandr P. Dubrov, of the Academy of Sciences of the USSR,
which has some 1228 references on this subject. [9]

Of immediate interest is the fact that the Soviets began to irradiate the U.S. Embassy in
Moscow beginning in 1960, and for years afterward, with microwaves, or very high radio
frequencies. [10] (Itis an historic fact that the U.S. installed copper sheets on the walls of the
embassy but a lot of the U.S. embassy workers were still stricken with cancer within a few
years. - Ed. note) This practice has been a puzzle to U.S. experts over the years. The Soviets
have never explained their intent, or their goals. It is my opinion that the Soviets have tried to
deflect the interest of the American experts away from the ELF radio spectrum by directing
their attention to the opposite end of the radio spectrum. [11]

It is small consolation to note that all the ideas and technologies for the TMT, including
weather modification, were carried out by Nikola Tesla in 1900. Tesla almost received
recognition for this work, and we quote from the New York Times, November 7, 1915. The
headline states:

Tesla's Discovery: Nobel Prize Winner

"Transmission of Electrical Energy without Wires, which affects Present-day
Problems.” "To Illuminate the Ocean, Scientist says, Collisions will be Avoided,
and Unlimited Water Drawn to Irrigate Deserts."

Nikola Tesla, who with Thomas A. Edison, is to share the Nobel Prize in
Physics, according to a dispatch from London, said last evening that he had not yet
been officially notified of the honor. His only information on the matter was the
dispatch in the New York Times.

"l have concluded,” he said, "that the honor has been conferred upon me in
acknowledgement of a discovery announced a short time ago which concerns the
transmission of electrical effects of unlimited intensity and power can be
produced, so that not only can energy be transmitted for all practical purposes to
any terrestrial distance, but even effects of cosmic magnitude may be created."

Mr. Tesla said the discovery had a direct and vital bearing on the problems now
foremost in the public mind. For instance, he said, wireless telephony would be
brought to perfection undreamed of through the application of this discovery. He
added, "We will deprive the ocean of its terrors by illuminating the sky, thus
avoiding collisions at sea and other disasters caused by darkness. We will draw
unlimited quantities of water from the ocean and irrigate the deserts and other arid
regions. In this way we will fertilize the soil and derive any amount of power from
the sun. I also believe that ultimately all battles, if they should come, will be waged
by electrical waves instead of explosives."

Alas for Tesla, the Nobel Prize was never formally awarded to him. But his ideas and
experiments on weather modification were quite specific, and used the same magnifying
transmitter power source, as would be used in over-the-horizon radar, or a directed-beam
weapon. What is not generally known is that Tesla invented a device that performs the
functions of a true over-the-horizon radar which he called “telegeodynamics”. [14] In this
invention he introduced controlled seismic tapping of the earth, and with proper receivers, he

139



claimed to be able to keep track of every moving vehicle on the planet. But it would be more
colorful to quote his own words in an interview on his 79th birthday from the New York
Times, July 11, 1935.

One of the subjects which he hoped, he said, will come to be recognized as
his  "greatest achievement in the field of engineering,” was, he said, the
perfection by him of "an apparatus by which mechanical energy can be transmitted
to any part of the terrestrial globe."”

This apparatus, he said, will have at least four practical possibilities. It will give
the world a new means of unfailing communication; it will provide a new and by
far the safest means for guiding ships at sea and into port; it will furnish a certain
divining rod for locating ore deposits of any kind under the surface of the earth;
and finally, it will furnish scientists with a means for laying bare the physical
conditions of the earth, and will enable them to determine all of the earth's
physical constants.

He called this discovery "tele-geodynamics", motion of earth-forces at a distance.

Further details about this invention are given in The New York American of the same date.
The headline is:

TESLA'S 'CONTROLLED' EARTHQUAKE

Nikola Tesla, father of radio and of the modem method of electric power
transmission, observed his 79th birthday yesterday by drinking a quart of boiled milk
and outlining the latest of his many startling discoveries.

This is an apparatus by which energy can be transmitted to any part of the earth,
with practical possibilities in the navigation of ships, discovery of ore deposits and
determination of the physical properties of the earth's interior.

His experiments in transmitting mechanical vibrations through the earth, called by
him the art of telegeodynamics, were roughly described by the scientist as a sort of
"controlled earthquake."

The rhythmical vibrations pass through the earth with almost no loss of energy,
he said, and predicted the system in time will be universally adopted, since it
furnishes an "unfailing means of communication”. [15]

He asserted: "It becomes possible to convey mechanical effects to the greatest
terrestrial distances and produce all kinds of unique effects of inestimable value to
science, industry and the arts."

The invention could be used with destructive effect in war, he said, by
exploding bombs thousands of miles away which had been equipped with apparatus
to receive the vibrations.[16]

Tesla once said to a reporter with respect to his telegeodynamic art of "controlled
earthquakes" that with a small amount of power it would take about two weeks to two months
of vibration of the earth to bring it to full resonance, "and it could be made to split in two —
like an apple. "[17] Is there a possibility that the Soviets are experimenting with Tesla's
method of "controlled earthquakes"? (As the cold war ended with the fall of the Berlin wall,
the Soviet Union being dissolved, the new Russia has little funding for such activities since
the U.S. has become its ally. However, the technological process still exists. - Ed. note)

140



REFERENCES

SECTION ONE

1. ELECTRICAL EXPERIMENTER, February 1919, pp. 696-697 and p. 743. "My

Inventions - 1. My early life." by Nikola Tesla. This autobiography was published in
five installments. O'Neill, John J.

2. PRODIGAL GENIUS, The Life of Nikola Tesla. Ives Washburn, Inc. New York,
1944,

3.ELECTRICAL EXPERIMENTER. Op. Cit.

4. ELECTRICAL EXPERIMENTER, April 1919, pp 864-865."My Inventions: - My

6.

Later Endeavours. The Discovery of the Rotating Magnetic Field." by Nikola Tesla.
My principal source for this information was the late John Rays Hammond, Jr. of
Gloucester, Mass.

5. ELECTRICAL EXPERIMENTER, April 1919. Op. Cit. When a conducting metal
is cooled below a certain critical temperature (usually near absolute zero, minus 273
C.), it loses all resistance to the flow of electricity. Therefore, once an electrical the
electrical current continues to flow on and on without damping. Such "infinite"
conduction will continue as long as the temperature remains below the critical
temperature. This phenomenon is called superconductivity Brian D. Josephson
received the Nobel prize in 1973 for a most important discovery connected with this
phenomenon signal is initiated in such a super-cooled conductor, current continues
to flow on and on without damping.

ELECTRICAL EXPERIMENTER. April 1919. Op. Cit.

7. Figure 3 is most important in that it is the foundation for understanding how the

8.

Soviets could transmit a magnet wave around the planet. One looks at the region
between 270° and 0°, where AC-1 and AC-2 cross. The crossing point represents the
region of the two Soviet transmitters, one in Gomel, and the other in Riga. (Compare
with Figure 10.) By adjusting the proper frequency phase differences between the
two transmitters they will create a standing magnetic wave which follows a great
circle route on the planet whose center is Rigs and Gomel, and whose circle course is
some 45° from this center. See SECTION FOUR for a more detailed explanation.
PRODIGAL GENIUS. Op. Cit.

SECTION TWO

1 The Inventions, Researches, and Writings of Nikola Tesla. Ed. by Thomas

Commerford Martin. Published by the ELECTRICAL ENGINEER, New York,
1894. 496 pp. Chapter 111, pp. 9-25. "The Tesla Rotating Magnetic Field."

A kind of magnetic "back-pressure” that damps free-oscillation in a circuit.

The Maxwell Equations define the relation between electric fields, E and magnetic
fields, H, where v denotes the electric charge, and j the current density; c is the
velocity of light.

141



The Inventions, Researches, and Writings of Nikola Tesla. Op. Cit. Chapter
XXVIII, pp. 294-378. "On Light and other High Frequency Phenomena.” Fcbruary,
1893.

Ibid. Chapter XXVII, pp. 198-293. "Experiments with Alternate Currents of High
Potential and High Frequency.” A Lecture delivered before the Institution of
Electrical Engineers, London. February, 1892.

This is a clue already known to Tesla as to the frequencies required to produce
electrical plasmas, and ball lightning. These have been produced over Canada, and
the Soviet Union by the Soviet ELF emissions.

At the Columbia World's Fair in Chicago, Tesla demonstrated before the public that
he could pass lore than a million volts through his body with safety. This was in
August 1893.

London Lecture, Op. Cit. supra Note 5 .

PRODIGAL GENIUS, Op. Cit.

ELECTRICAL EXPERIMENTER, June 1919, pp. 112-113. "My Inventions - 5.
The Magnifying Transmitter.” by Nikola Tesla.
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ELECTRICAL EXPERIMENTER, June 1919,

PRODIGAL GENIUS, Op. Cit.

PRODIGAL GENIUS, Op. Cir.

PRODIGAL GENIUS, Op. Cit.

"High Frequency Oscillators for Electro-Therapeutic and other Purposes.” Paper
read by Nikola Tesla, September 13, 1898 at the Eighth Annual Meeting of the
American Electro-Therapeutic  Association, Buffalo, New York. THE
ELECTRICAL ENGINEER, December 23, 189, p.670."Massage with Currents of
High Frequency" by N. Tesla.

ELECTRICAL REVIEW, March 11, 1896. "On Roentgen Rays" by Nikola Tesla.
PRODIGAL GENIUS, Op. Cit. Also, Letter to the Editor by N. Tesla.

PRODIGAL GENIUS, Op. Cit. Also, The New York Times, February 6, 1932.
COLORADO SPRINGS NOTES, 1899 - 1900 (Eng Pub. by NOLIT, Beograd.
Yugoslavia, 1978 (English Edition), Nikola Tesla.

Ibid., p. 169. Tesla explicitly makes a note in his diary that he is omitting making
notes of his researches on superconductivity as follows: *The following items, partly
worked out, omitted for want of time: From 1-30 September 1899. Method of
increasing magnifying factor of resonant circuits by coiling.”

It was not until 1960 that Balser and Wagner (published in NATURE, Vol. 188, No.
4751, 1961) proved what Tesla had already proved in 1895. Namely, they showed
that the earth-cavity was resonant at 8 Flz. More precise studies done by M.J.
Rycroft showed (in Figure 6) that the ELF spectrum had its fundamental at 7.8 + 0.2
HE RADIO SCIENCE, Journal of Research, NBS/USNC - URSI, Vol. 69D, No. 8.
August 1965, pp. 1071-1081. "Resonances of the Earth-ionosphere Cavity observed
at Cambridge, England.” Neither of these authors mentions Tesls's researches of six
decades earlier.

COLORADO SPRINGS NOTES, Op. Cit.

THE WORLD TODAY, Vol XXI, No. 8, February 1912, pp. 718-722. "Nikola
Tesla, Dreamer” by Allan t. Benson.
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14. ELECTRICAL EXPERIMENTER, May 1919, p.21.  "The True Wireless" by
Nikola Tesla.
15. In 1976, it was just those effects which the Soviets had replicated, and which were

measured in Canada.

16. PRODIGAL GENIUS, Op. Cit.

17. Tesla mates careful notes in the COLORADO SPRINGS NOTES, Op. Cit., to study
the ELF effects on both planes and animals.

18. TALKING WITH THE PLANETS, by Nikola Tesla. Colliers lllustrated Weekly,

Vol. XXVI,No. 19, January 9, 1901.

SECTION FOUR

10.

SE

14,

16.

17.

1. THE CENTURY lllustrated Monthly Magazine, June 1900, "The Problem of
Increasing Human Energy," by Nikola Tesla.
2. This velocity has recently been measured and is of the order of 600 km
per second, or 372.82 per second, or expressed as 1,342,159 miles per hour.

THE CENTURY, Op. Cit.

Personal communication from John Hays Hammond, Jr. to the author.
Letters from Tesla to the governments named, now in the Tesla Museum, Belgrad,
Yugoslavia.
6. Tesla's unpublished description of his Telegeodynamic Oscillator - method and
means.
7. News items about the expulsion of the KGB from Canada in early February 1978,
These references have been misplaced by author (April 24, 1979).

The New York Times, January 29, 1978, "Plunge from Orbit," Section 4. The Week
in Review.
RADIO ELECTRONICS, March 1977, p. 6. Scientists were able for the first time to
determine the structure of the sun's magnetic field from data returned by Pioneer 11
satellite. The sun's magnetic field is roughly spherical, and envelops the entire solar
system - some 3,700,000,000 x 2 miles in diameter.

Kamiya, Joe, "Conscious Control of Brain Waves," PSYCHOLOGY TODAY, April

1, 1968, pp. 57-60.

Wiener, Norbert, CYBERNETICS, Wiley, New York, 1948.

Bremner, Frederick J. V. Begnignus, and F. Moritz. NEUROPSYCHOLOGIA,
Vol. 10, 1972, pp. 307-312.

Akasofu, Syun-ichi and Sydney Chapman, SOLAR TERRESTRIAL PHYSICS.
The International Series of Monographs on Physics. Oxford University Press, Ely
House, London W. 1, 1972. Figure 11 is adapted from Figure 6.44 on page 439.
Rycroft, M.J. "Resonances of the Earth-lonosphere Cavity observed at Cambridge,
England,” RADIO SCIENCE, A Journal of Research, NBS/USNC-URSI, Vol. 69D,
No. 8, August 1965. Figure 12 is adapted from Figure 6 of this article.

Puharich, Andrija, PROTOCOMMUNICATION. A lecture given at the Twentieth
International Conference, August 27, 1971, St. Paul de Vence, France. Published in
THE PROCEEDINGS of the Parapsychology Foundation, 29 West 57th Street, New
York, 10022. 1972.

I do not have the exact references to this work at hand, but they can be found by
reference to the work of Dr. Enrici Clementi of IBM, San Jose, California.

The velocity of the first orbital in the Bohr hydrogen atom is 1359 miles/sec. This
yields a factor of 4.678.
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19,
20.
21.

22.

23.

24,

I am indebted to Hugh Harleston, Jr. for help and advice in helping to solve this part
of the problem.

Akasofu, Op. Cit. Figure 13 is adapted from Figure 3.3 on page 115.

Akasofu, Op. Cit. Figure 14 is adapted from Figure 6.15 on page 388.

Akasofu, Op. Cit. Page 321 and 389

See "Ozone Paper,"” where the author proved this theory in developing a new and
successful treatment for cancer. (Reprinted as "How Transdermal Electrotherapy
Led to Highly Efficient Water Electrolysis With Anomalous Organic Molecule
Formation and a Spinoff that Successfully Treated Neoplasms in Mice, " Energetic
Processes, Volume 1, Xlibris Pub., 2002, p. 238, www.xlibris.com - Ed. note)

"Soviet and Czechoslovakian  Parapsychology  Research,” DEFENSE
INTELLIGENCE AGENCY. Prepared by the U.S. Army Medical Intelligence and
Information Agency, Office of the Surgeon General, DST-1810S-387-75, DZA
TASK PT-1810-12-75. September 1975.

Galejis, J., Terrestrial Propagation of Long Electromagnetic Waves, Pergammon
Press, New York, 1972
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10.

This authoritative article was written by Military Editor, Clarence A. Robinson, Jr.
Editor Robert Hotz in an editorial on this article, entitled "Beam Weapon Threat",
states: (p. 11) " We do not suggest any formal conspiracy to suppress the mounting
evidence of a massive Soviet research, development and industrial push aimed at the
goals of an anti-ICBM directed-energy beam weapon. Rather it was a combination
of smug American assurance that the Soviets were simply not capable of out-
reaching us in any technological race, and the intellectual arrogance of elderly
scientists who through the ages have spent their twilight years proving that the next
generation of breakthroughs is impossible".

Leonid I. Rudakov, Kurchatov Institute of Atomic Energy, Moscow, is listed as one
of the key developers of high-current acceleration technology in the Soviet Union
(AIR FORCE MAGAZINE, September 1977, page 126).

Col. Bearden describes in his writings how these steel gores (spheres) can be used in

a psychotronic warfare.

Project Seesaw was an attempt to repeat Nikola Tesla's particle beam accelerator
weapon.

It is interesting to note that on the day following his discovery of the stationary
waves in the earth, Tesla in his notes of July 5, 1899 makes plans to produce large
amounts of hydrogen. COLORADO SPRINGS NOTES, Op. Cit.

The limitation of the energy travel, in a line of sight, by the curvature of the earth,
tells us that this particle beam, as described in Appendix A, is he prototype of the
types being developed in the USSR, and most recently in USA.

This letter is in the author's files.

Op. Cit. under Reference 1, Supra

Dubrov, A.P. THE GEOMAGNETIC FIELD AND LIFE, Plenum Press, New York
and London, 1978.

There is a vast literature on this subject, much too large to quote here. The interested
reader can find all of the pertinent and up to date literature in : Paul Brodeur: "The
Zapping of America: Microwaves, their deadly risk and the cover up”. W.W. Norton
and Co., New York, 1977.
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11. Unpublished documents in author's files.
12. The function of this satellite is to keep the Soviet electromagnetic radiation pulsing
(at ELF frequencies) aimed at the inner proton belt in order to maintain peak power
through resonance. Einaudi, F., and Wait, JR., "Analysis of the excitation of the
earth-ionosphere waveguide by a satellite-borne antenna.” Parts 1l and CANADIAN
J. PHYSICS, 49: 11, No. 4, 1971.
13. Author's note: As of this writing (February 1978), the winter of 1977-78 has turned
out to be the worst since 1883 in the northeast US. (Later note: April 1979). The
winter of 1978-1979 has turned out to be the worst on record for the Midwest US.

14. Tesla's own unpublished description of this art.
15. It is well to point out here that in the event of a nuclear all-out war, all radio
communication "signal” would be lost in the "static and noise" resulting from
excessive atmospheric ionization. It may well be that the Soviets are also developing
Tesla's Telegeodynamic system for communication in the event of an all out nuclear
war.
16. There is real concern among intelligence officials with whom I have talked in the
US, Canada and from countries of Western Europe that the Soviets already have this
capability.
17. Benson, Allan L.: "Nikola Tesla, Dreamer," THE WORLD TODAY, Vol.XXI,
No.8, February 1912, p.722.

Andrija Puharich was an author, inventor, and a medical doctor. His patents include
#3,586,791, #3,629,521, #3,497,637, #2,995,633, #3,170,993, and #4,394,230. His books
include Uri, Beyond Telepathy, The Sacred Mushroom, and The Iceland Papers. An
interesting example of the battles he fought and lost is contained in the patent Court of
Appeals case, No. 22286, Puharich vs. Brenner (US Patent Quarterly, V. 162, p. 136, June
25, 1969).
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Worldwide Wireless Power Prospects

Kurt Van Voorhies, Ph.D., P.E.

Adated from Proceedings of IECEC, 1991
ABSTRACT

Worldwide wireless power began as a concept with the pioneering work of Nikola Tesla

about 100 vears ago. His principal approach is summarized. The viability of such a system
must still be demonstrated and many questions remain. Potentially, a wireless system can
transfer power more efficiently and flexibly, especially to and from remote regions. The
principal elements of worldwide wireless power transfer include: 1) the source: an
oscillator/transmitter, 2) the path: the cavity bounded by the earth and the ionosphere and 3)
the receiver: a means of extracting power from the path. The system transfers and stores
energy via the resonance modes of the cavity. The key challenges facing demonstration of
technical feasibility are in finding an efficient means of coupling power into and out of the
earth-ionosphere cavity, and in devising a feasible receiver that is both small and efficient.
Along with demonstrating technical feasibility, new research must consider safety,
environmental impact, susceptibility to weather, and effects on weather.

INTRODUCTION

Nikola Tesla pioneered the concept of worldwide wireless power transfer about 100 years
ago, beginning with work on high voltage, high frequency single electrode lighting systems,
and following with development of the Tesla Coil, The Magnifying Transmitter, and the
single electrode x-ray tube. The Tesla Wireless system and concepts leading thereto are
documented in Tesla's notes [1,2] patents [3,4], lectures [4-8] and published articles [4, 5, 9-
11] and described by Tesla's biographers [12,13] and others [14, 15]. Following the death of
Tesla in 1943, the concept lay dormant until referenced by Wait in 1974 [16,17] in
conjunction with extremely low frequency communications, followed by Marincic's
illuminating review in 1982 [18] and subsequent technical analysis by Corum and Corum [19-
24], Golka [25,26] replicated the oscillator used in Tesla's Colorado Springs experiments for
studying ball lightning and plasma containment for nuclear fusion, Corum and Corum [27-31]
have also replicated Tesla's ball lightning experiments but with smaller scale equipment.
However, Tesla's worldwide wireless power concept remains unverified.

PRINCIPLES OF WORLDWIDE WIRELESS POWER TRANSFER

Consider the earth as a large spherical capacitor or cavity resonator, comprising the terra
firma as the inner conductor, the lower atmosphere as the insulating dielectric, and the upper
atmosphere (electrosphere) and ionosphere as the outer conductor. Power is coupled into the
cavity via either direct conduction/displacement, or radiation, with high power RF oscillators
or transmitters tuned to the cavity's resonant frequency. A remove receiver, also tuned to this
resonant frequency, then extracts this power wirelessly. The propagation loss in the earth-
ionosphere cavity increases with frequency but, at the fundamental frequency, is about 11%
less than the equivalent loss on a 200KV power line. The wireless concept described here
differs from that used in microwave wireless power transmission in that the latter beams
power along a line of sight path, normally from outer space to earth [32]
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PROMISES OF WORLDWIDE WIRELESS POWER TRANSFER

The benefits of wireless power transfer have not changed since originally described by
Tesla in 1900 [9] and 1904 [10]. A cheap, efficient means of distributing energy would
revolutionize development and improve access to new energy sources. Energy could be
coupled into the cavity at the source, eliminating the need for the costly and time-consuming
process of constructing and maintaining power transmission lines. The system would enable
better utilization of remote sources of energy and would facilitate power transfer to remote
users worldwide. While Tesla primarily proposed supplying power for lighting in conjunction
with his high frequency single electrode lighting systems, he also envisioned ":..energy of a
waterfall made available for supplying light, heat and motive power anywhere - on sea, or
land or high in the air... "[10]. Of course, the economic viability of such a system depends
upon either 1) a technical means for controlling/measuring the supply and use of wireless
power around the world, or 2) a very low cost source energy.

Nikola Tesla

Nikola Tesla was a prolific inventor best known for the AC induction motor and AC
polyphase distribution system which are the basis for our present AC power system. His other
inventions include the Tesla coil, high frequency generators, the Tesla Magnifyomg
Transmitter, key elements of radio, single electrode high frequency, the single electrode x-ray
tube, a viscous turbine, and remote control. Following his developments in low frequency AC
machines and power distribution systems , Tesla experimented with single electrode, high
frequency, high voltage lamps utilizing rarefied gases, the forerunner of present fluorescent
lights. Initially he utilized patented high frequency alternators with 384 poles to produce the
necessary 20 KHz power, but subsequently invented the disruptive discharge high voltage
transformer, a.k.a. Tesla Coil, in 1891 [33].

In a Tesla Coil, low frequency AC power is amplified in voltage with a conventional
transformer. The output of this transformer feeds the Tesla Coils' resonant LC primary circuit
through a spark gap. The spark gap creates a broad spectrum of energy, components which
resonate the primary and secondary circuits of the Tesla coil. The secondary of the Tesla Coil
is tuned to be electrically 1/4 wavelength long, with one terminal grounded, and acts as a "slow
wave" device to resonantly amplify the voltage further.

Tesla found that the high frequency output from the Tesla coil could readily power lights
and motors utilizing a single wire with a ground return. Tesla presented these results in this
lecture to the IEE in London in 1892[7]. Following the work of Kelvin and Crookes, Tesla
also noted that slightly rarefied gases were excellent conductors, leading him to propose a
system for "... transmitting intelligence or perhaps power, to any distance through the earth or
environing medium®. [34] In February 1893, at his lecture on high frequency currents before
the Franklin Institute of Philadelphia (repeated in March in St Louis.) Tesla proposed to
determine the capacitance of the earth and the period of oscillations resulting from a
disturbance of the earth's charge . After subsequent patented improvements to the Tesla Coil
Tesla patented the single wire power distribution system in March., 1897, [35] and patented
the wireless power distribution 6 month later [36,37]. In the wireless system , the single wire
conductor was replaced by a conductive path through a slightly rarefied gas coupled to bodies
of large surface area, or open capacitors, connected to the high tension terminals of the
transmitter and receiver, thus forming an open resonator circuit between the body and the
earth. In his patent, Tesla claimed the use of the conductive layers in the upper atmosphere as
the conductive path.
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in the 1892 lecture in London, Tesla noted that " It is quite possible, however, that such 'no
wire' motors, as they might be called, could be operated by conduction through the rarefied
air at considerable distances. Alternate currents, especially of high frequencies, pass with
astonishing freedom trough even slightly rarefied gases. The upper strata of the air are of
difficulties of a merely mechanical nature. There is no doubt that with the enormous potential

is obtainable by the use of high frequencies and oil insulation, luminous discharges might be
passed through many miles of rarefied air, and that by thus directing the energy of many
hundreds of thousands of horsepower, motors or lamps might be operated at considerable
distances from stationary sources. But such schemes are mentioned merely as possibilities.
We shall have no need to transmit powers in this way. We shall have no need to transmit
powers at all. Ere many generations pass, our machinery will be driven by a power obtainable
at any point of the universe... "[38] Tesla demonstrated plasma conduction in a glass tube with
rarefied air surrounding a central axial platinum electrode, he observed that the wire was
heated only at the ends, and not in the middle. He also observed that the pressure at which the
gas becomes conducting is directly related to the applied voltage.

Colorado Springs Laboratory

Tesla moved to Colorado Springs in May 1899, after reaching the limits of his New York
Laboatory with Tesla Coils operating at 4 million volts. The dry, electrostatic filled air at the
2000 m facility in Colorado Springs facilitated his developments. His primary and secondary
coils were51 ft. in diameter, and it was here that he developed the concept of an extra coil
placed in series with the secondary but with loose inductive coupling so as to enable large
resonant amplification of voltage. In addition to the development and improvement of the high
power Tesla coil, Tesla concentrated on the development of sensitive receivers necessary for
detecting communication signals. On July 3, 1899, using these devices, Tesla monitored the
progression of a passing thunderstorm, observing electrical standing waves which he
attributed to the storm's disturbance of the earth's electrical charge and a corresponding
propagation of this disturbance around the conductive globe. Tesla also experimented with his
single electrode x-ray tubes. The oscillator reportedly operated at frequencies between 45KHz
and 150 KHz, at voltages between 12 MV and 18MV, and with secondary currents as high as
1100A [1,12,12,39].

Wardenclyffe Laboratory

Funded principally by J.P. Morgan, Tesla proceeded with the construction of a system of
"World Telegraphy" at Wardenclyffe on Long Island upon his return from Colorado Springs
in 1900 [12,13]. While he intended to use the facility publicly for communications, Tesla's
secret aim was to implement wireless power transfer. The facility featured at 187 ft. wooden
tower designed to support a 68 ft. diameter copper hemisphere, which was not completed
because of Tesla's difficulty in obtaining funding following Marconi's success in
demonstrating transoceanic wireless communication with much simpler equipment (albeit
using Tesla's patents in the process) The transmitted was to have operated at 30 MV, which
Tesla claimed was sufficient for worldwide power distribution; however, the transmitter was
designed to handle up to 100MV. Aside from its toroidal elevated capacitor, patent 1,119,732
[40] filed in 1902 shows the Wardenclyffe configuration of the transmitter, which
incorporated the 'extra coil” from the Colorado Springs experiments.

TESLA's Concept of Worldwide Wireless Power Transfer
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Tesla outlined the requirements for wireless powcr distribution in patent 787.412,
describing the earth as "....behaving like a perfectly smooth or polished conductor of
inappreciable resistance with capacity and self-induction uniformly distributed along the axis
of symmetry of wave propagation”[41]. He described reflections of signals from antipodes,
the points on the globe diametrically opposite from the transmitter, as being similar to those
from the end of a conducting wire, thus creating stationary waves on the conductive surface.
He provided three requirements for resonance: 1) the earth's diameter should be equal to an
odd number of quarter wavelengths, 2) the frequency should be less than 20 KHz to minimize
Hertzian radiation; and 3) most critical, the wave train should continue for a minimal period
which he estimates to be 1/12 second, and which represents the period of time for a wave to
propagate from and return to the source at a mean speed of 471,240 Km/sec. Tesla conceived
the wave as propagating through the earth along a straight line path, the effect on the outside
surface being that of concentric rings expanding to the equator and then contracting until
reaching the opposite pole. Tesla also applied a fluid analogy to the earth and the water level
representing the earth's state of charge at any given point. While his earlier work emphasized
ground currents as the mechanism for transferring power, he later indicated that he had
conclusively demonstrated that "... with two terminals maintained at an elevation of not more
than thirty thousand to thirty five thousand feet above sea level, and with an electrical pressure
of fifteen to twenty million volts, the energy of thousand of horse-power can be transmitted
over distances which may be hundreds, and, if necessary, thousands of miles. In am hopeful,
however that I may be able to reduce very considerably the elevation of the terminals now
required... "[42].

Summary of Tesla's Proof of Concept

Tesla claimed to have observed the effects of the Colorado Springs transmitter at a distance
of up to 600 miles. An advertising brochure for the World Telegraphy system claims the
transmission of power around the globe in sufficient quantity to light incandescent lamps
(50watts). Others report that a bank of 200 watt lamps, 50 watts each, were lit at a distance pf
26 miles [12,13]. The article in Century magazine shows photographs of an isolated extra coil
powering and incandescent lamp as evidence of "...electrical vibrations transmitted to it
through the ground from the oscillator...” [43]. However, this extra coil was most likely
within the inductive field of primary transmitter, with the ground serving as a return path.

Rationale for a Renewed Interest in Wireless Power Transfer

Given Tesla's firm and unending belief in the feasibility of wireless power transfer, yet his
inability, after considerable expenditure of time and money, to conclusively demonstrate its
viability, the reader may question why there is a renewed interest in demonstrating the
feasibility of wireless power transfer. Aside from the benefits outlined initially, the best
reason probably lies in both 1) the legacy of Tesla himself, and 2) the fact that because of
insufficient funding, Tesla was never able to teat a facility that had been developed strictly for
power transfer, and thus hi wireless power transfer concept remains to be proven.

The legacy of Tesla speaks for itself in terms of his many and varied significant
inventions, his insightful pioneering understanding of physics and electrical engineering, his
tremendous drive and creative energy enabling him to constructively, work long hours on a
protracted basis guided by a keen sense of vision, his ability to visualize and test concepts in
his mind enabling him to achieve good results with little trail and error, and his genuine
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concern for improving the condition of humanity. The breath of his accomplishments at
Colorado Springs with less than 8 months exemplifies these. The Colorado Springs
experiments focused primarily in the development of wireless communications, i.e.,
radio

rather than wireless power transfer. As indicated by Marincic [18], 56% of his time was spent
in developing the Tesla Coil, 21% on receivers for small signals, 16% on measuring the
capacity of the vertical antenna, and 6% on miscellaneous other research, including fireballs.
Wireless power transmission experiments were limited to small distances.

Tesla shared much with the world in the form of his patents, publications, lectures,

he was also a very secretive person, and never fully documented his intended configuration
for the wireless power system, even though he was confident there would be a workable
solution. He believed that that his Magnifying Transmitter (Tesla Coil w/extra coil designed to
excite the earth) would ultimately be recognized as his greatest invention [11], and felt that
there would be no problem in wireless disturbing the earth's energy. He also believed the
universe to be so full of energy that, ultimately, wireless distribution would not be necessary.
Modern day researchers attempting to follow his path, must also be part detective. Tesla's
belief and confidence in wireless power transfer is clear, however, so too was Edison's belief
in magnetic ore separation, which, like Tesla's experience with Wardenclyffe, left him in deep
financial debt. [44]

Recent Developments

In recent years, there has been a renewed interest in Tesla's work on high voltage, high
frequency phenomena. Beginning in 1968, R. Golka formed Project Tesla to measure, under
Air Force Contract , aircraft susceptibility to lighting discharge and to repeat Telsa's ball
lighting experiments for application to laser fusion, hi the process, he replicated Tesla's
Colorado Springs transmitter and succeeded in operating it at twice Tesla's original power
levels [25,26]. In 1986, Golka and Grotz proposed the application of this device to artificially
resonating the earth-ionosphere waveguide [45].

Cheney reports on wireless power projects that had been planned and some partially
implemented circa 1977-1980 in Canada, Central Minnesota and Southern California. [13]
Wait indicated how Tesla's early wireless experiments were the forerunner of modern
developments in ELF. He observed that Tesla's fluid analogy for the process is faulty in its
assumption that all of the signal energy would propagate through the fluid medium, i.e. the
earth. Also faulty was Tesla's notion that energy propages to the antipode via the center of the
earth, although it is not known if Tesla had viewed this as a conceptual model as opposed to a
physical model as presently interpreted.

Marincic, in his annotations of Tesla's Colorado Springs Notes [1,2] and his excellent
review of Tesla's wireless work [18] applies results from recent ELF experimental data to
show that the transfer of power via ELF radiation would be extremely inefficient. He indicates
that for a typical gridded ELF antenna, 106 m. total length, that the antenna operating
efficiency would be only 0.026% and for both receiving and transmitting antennas, the total
efficiency would be (0.026%), not to mention the path loses, which are as low as 0.25 dB/Mm
at 10Hz and 0.8dB/Mm at 50Hz. For a fixed size antenna, efficiency increases with operating
frequency, but so do path losses, so that for long distance power transfer, the overall
efficiency of a radiation-based system will be low.

Corum and Corum [27-31] also replicated some of Tesla's Colorado Springs fireball
experiments but with much smaller scale equipment. This work extended to a critical
engineering evaluation of Tesla's wireless power concept. [20-23], showing how the current

moment in the tower of Tesla's transmitter could be used to excite the Shummann resonances
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in the earth-ionosphere cavity. They also hypothesized that Tesla intended to use hit single
electrode x-ray to both ionize a current path to the sphere of elevated capacitance and to
rectify the RF energy enabling the sphere to be electrostatically charged at RF rates [20,21]
The sphere would then be discharged to ground, either naturally or via a second x-ray device,
at a Schumman resonance frequency. Corum and Corum have also verified that Tesla's
electrical measurements such as the attenuation constant, phase velocity, cavity resonant
frequency and Q are consistent with modem measurements [23] and that the loses due to glow
discharge around the transmitter would be small [21].

J. F. Corum patented a toroidal helical antenna [46,47] one of whose applications could be
a waveguide probe for either ELF communications or wireless power transfer. This antenna is
physically small while reportedly possessing good radiating efficiencies with vertical
polarization. Since the propagating Schumman modes are primarily vertically polarized, a
vertically polarized antenna would have a distinct advantage over the horizontally polarized
example presented by Marincic. However, in applying Corum's design formula to the 8 Hz
example presented in his patent, one finds that an antenna with a 6 Km major radius (0.0002)
free space wavelengths) would require a virtual continuum of 43, 200 semicircular loops each
600 m in diameter, with a total conductor length equivalent to half the circumference of the
earth.

The Q of the earth-ionosphere cavity is generally reported to be about 6-8 but Corum and
Spaniol [48] indicate that a low Q cavity does not necessarily limit the practicability of
wireless power. However, Sutton and Spaniol [49] found that the previously measured Q
values were limited by instrument noise and using modern equipment they measured levels as
high as 1000, which they say were also confirmed by others. [50].

In 1986-1988, Nash, Smith, Craven and Corum of WVU utilized a 1/4 wave coaxial
resonator to develop a high frequency "Tesla Coil" and proposed coupling this device to a
Tesla single electrode x-ray tube to generate ionizing radiation with possible application to
wireless power transfer [53].

THE KEY ELEMENTS OF WORLDWIDE WIRELESS POWER TRANSFER

The key elements of worldwide wireless power transfer consist of:
source/transmitter

path

receiver

system considerations

environmental impact

economic viability

Each of these will now be explained in more detail, along with their subgroups.

(SRS RN =

Source/Transmitter

The source/transmitter, consisting of Tesla's Magnifying Transmitter is the most highly
developed elements of the system, as evidenced by the standard terminology of “wireless
power transmission™. In this paper, the term “transfer" emphasizes the importance of other
system elements as well. The Tesla Coil is remarkable efficient power processing element,
and Corum and Corum have shown that Tesla's Colorado Springs Transmitter operated a
power levels high by even modern standards, with peak average power levels some four
orders or magnitude higher that those of the Stanford Linear Accelerator. [21]
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Earth-Electrosphere/lonoshpere Cavity with Dielectric Atmosphere

The path comprises the earth (ground) and the atmosphere. The ground is a good conductor

at lower frequencies, conductivity decreasing with frequency due to the skin effect. The lower
atmosphere is normally a good insulator. At higher altitudes the air becomes conductive due
to ionization casued by cosmic rays. The conductive layer, termed the electrosphere, [54]
provides an electrostatic shield and an equipotential surface due to its high conductivity
relative to the ambient currents. Lord Kelvin, in 1860 [55] originally postulated the existence
of such a conductive layer based upon the fact that rarefied gases act as good conductors, and
he thus postulated that this conductive layer together with the earth and intervening insulating
atmosphere forms a capacitor. The potential of the electrosphere is about 300 KV. The
ionosphere, located above the electrosphere, is caused by ionizing solar radiation, different
ionospheric layers (D,E,F) being attributed to different components of the radiation. The
ionosphere is that part of the earth's atmosphere which reflects radio waves [54,56] . The
properties of the path are normally measured under conditions (voltage, current, frequency)
quite different from those expected for wireless power transfer, and this should be considered
before drawing conclusions on the suitability of the path for such purposes. Also, the effects
of weather on conductivity and the effects of magnetic storms must be considered.

Spherical Cavity Modes

The spherical cavity between the ground and the ionosphere resonates at specific modes as
predicted by Schumman [57,58] and discussed by Wait[59] and Galejs[60]. The transverse
electric field mode (TE) is cutoff below 1.5 KHz, so for the ELF frequencies normally
considered for wireless power transfer, the cavity will only support transverse magnetic TM
waves, [61]. The first seven Schumann resonances are naturally excited by lightning and this
fact has been used to track lightning strikes around the globe. [61-67]. The polarization and
ellipticity of the waves vary diurnally. Waves propagating in the cavity are attenuated with
distance due to the finite conductiveness of the conductive and dialectric layers, and the
attenuation increase exponentially with frequency, increasing from 0.25 dB/Mm at 10 Hz to
20 dB/Mm at 1 KHz. (compared with 1.15 dB/Mm for a conventional 200KV power line
[24]. Tesla has indicated that very little power is required to maintain a state of resonance in
the cavity [21].

Waveguide Coupling

The key issue in wireless power transfer is how to couple power into and out of the cavity
with minimal, or at least acceptable loss. Corum and Corum have indicated that Tesla more
likely created the necessary current moments to excite the cavity by electrostatically charging
an isolated capacitance at RF rates via a single electrode x-ray tube and then suddenly
discharging this capacitance at a resonant frequency of the cavity [20-21]. They reported that
the currents measured by Tesla would have been sufficient to generate relatively weak ELF
global field strengths . Tesla noted that the discharge tended to pass upward away from
ground, which he attributed to either electrostatic repulsion, or convection of the heated air.
However, with such an electrically short tower, radiation into the cavity at cavity resonant
frequencies would not be sufficiently efficient for technical or commercial viability. And while
a resonating cavity would have purely reactive fields, and hence zero point radiation
resistance together with non-stationary fields would be required for power transfer within the
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cavity. A radiative coupling approach appears to be infeasible for reasons stated above by
Marincic.

Transmission Line Coupling

A second method for coupling power into the cavity would be via direct
conduction/displacement with the conductive surfaces of the waveguide, which appears to be
Tesla's original concept dating back to  1892. Several mechanisms could be considered as
follows: 1) Recall that, in 1900, he proposed using balloons at 30-35 thousand feet of
elevation. Conceivably the power could be conducted to these via an ionization path, created
by a single electrode x-ray tube driven by the transmitter. 2) The conducting path formed by
ionizing radiation might be used to couple directly into the electro sphere without the elevated
conductive sphere.  3) An approach might also be borrowed from those used in present
ionospheric modifications experiments [68]. 4) Perhaps with the extremely high operating
voltages that Tesla had proposed, the displacement coupling with the atmospheric conduction
path would be direct, as apparent from an artist's rendition of wireless power distribution from
Tesla's Wardenclyffe facility [69], Tesla originally indicated that the atmosphere could be
made conductive at lower elevations with either high voltage or high frequency so this should
be studied further. . With such a direct coupling approach, the power transfer mechanism
would then be a spherical "transmission line", rather than a spherical wave guide.

Ground Currents

The ground currents in Tesla's Colorado Springs experiments were reported to have caused
sparks within the ground, and to have shocked horses through their metal shoes within 1/2 mile
from his transmitter. [70]. As an aside, ground currents were separately exploited for
communications during WW |, when conversations over the then prevalent single wire
telephone systems were susceptible to enemy interception by differentially amplifying the
signals extracted from two separate and displaced ground plates. The phenomenon of
magnetospheric plasma whistler waves was first noticed with these receivers, but was not
identified until later [71].

Power Loss

Power loss can occur in all elements of the path, which have finite conductivity: the
ground, the dielectric lower atmosphere, and the conductive upper atmosphere. Elaborate and
extensive ground planes are often constructed with antenna systems in order to minimize
resistive power loss to the ground. Since the ground is an intrinsic conductive element, losses
are inevitable, but can be reduced by operating at lower frequencies and/or establishing
distributed area contacts at the transmitter and receiver sites. The poor conductivity of the
Colorado Springs soil appears to have caused Tesla some difficulty [1]. At Wardenclyffe,
Tesla was planning to use saltwater filled with viaducts under the transmitter to establish a
good ground connection. Similar to the ground, atmospheric losses can be reduced by
operating at lower frequencies. This appears to conflict with Tesla's notion that gases conduct
better at high frequencies, but could be explained by higher dialectric losses. One important
feature to the wireless system is the possibility of storing power in the resonating fields within
the earth-ionosphere cavity, however, the feasibility of doing this will be dependent upon the
Q of the cavity and upon the relative amount of excess power being stored therein. As Tesla
had indicated, the power losses are reduced with higher operating voltage since power would
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then be distributed at lower current levels. Precipitation can dramatically change the
conductivity of the atmosphere, and the effects of this on power coupling need to
be

considered further.

Receiver
The receiver is the least understood element of the system, and one that is most crucial to
the system's success. For system using a radiative coupling mechanism, an antenna's
efficiency and size both benefit from higher operating frequencies which, as noted above,
increased the system's path losses. A transmission line approach would require
conductive/displacement coupling into the electrosphere, which requires invention and
development.
Tesla expressed confidence in being able to extract power for both individual and home use
as well as for powering ground and air transportation vehicles, as illustrated in an artist's
rendition [69]. He indicated in patent 649,621: "Obviously the receiving coils, transformer, or
other  apparatus may be movable - at, for instance, when they are carried by a vessel
floating
inthe  air or by a ship at sea. In the former case the connection of one terminal of the
receiving
apparatus to the ground might not be permanent, but might be intermittently or inductively
established without departing from the spirit of my invention. IT is to be noted here that the
phenomenon here involved in the transmission of electrical energy is one of true conduction
and is not to be confounded with the phenomenon of electrical radiation which have
heretofore been observed and which from the very nature and mode of propagation would
render practically impossible the transmission of any appreciable amount of energy to such
distances as are of practical importance [36].
Tesla separately described the utilization of energy from ionized air, in connection with
his description of the art of telautomatics; "Most generally | employed receiving circuits in
the form of loops, including condensers, because the discharges of my high-tension
transmitter, ionized the air in the hall so that even a very small aerial would draw electricity
from the surrounding atmosphere for hours. Just to give an idea, | found for instance, that a
bulb 12 inches in diameter, highly exhausted, and with one single terminal to which a short
wire was attached, would deliver well on to one thousand successive flashes before all charge
of the air in the laboratory was neutralized..." [72]

Systems Considerations

A wireless system would entail a multiplicity of transmitters and receivers each coupling
into a common propagation and storage cavity, each requiring proper phasing and balance.

Safety

A wireless power system would expose the entire biosphere to ELF fields of varying
intensity. The 78 Hz Seafarer/Sanguine/ELF submarine communication system provoked
health concerns, as do high-tension power lines. The fields of wireless and wire-based power
transmission systems need to be compared for equivalent power levels. There is much
speculation about the adverse effects of magnetic fields on health. However, recent reports
from PACE indicate that ELF energy at the lower Schumman resonance frequencies constitute
a natural biological clock [71]. The first four Schumman resonances frequencies are within the
range of brain wave activity. The fundamental mode is coincident with the theta wave
spectyrum, which ranges from 4 to 8 Hz, and is attributed to a normally unconscious state with
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enhanced mental energy and a high level of creativity. [72] The next three Schumma modes
are coincident with the beta wave spectrum which ranges from 13 to 26 Hz, and is associated
with the normal conscious state.

Environmental Impact

Operating at high voltages and surrounded by a glow discharge, the transmitter could be a
source of pollutants, including ozone, NO and nitric acid, as reported by Tesla during his
experiments and steps would have to be taken to mitigate any such hazards if they exist.

Electromagnetic Interference (EMI) and Radio Frequency Interference (RFI)

The operating frequencies of a wireless system could be expected to be low enough so as to
not interfer with present communications of electronic systems. The FCC does not make
frequency allocations below 9Khz and Tesla had predicted the operating frequency to be
below 20 Khz. Circuit interrupters in conventional Tesla coils could be expected to create a
significant amount of wide-band EMI; however, modern transmitters could be expected to
utilize more advanced switching devices which, together with shielding, could minimize
radiated EMI/RFI. The glow discharge surrounding the high transmitter could also be a source
of EMI/RFI.

Weather Modification

Since the potential of the electrosphere is about 300 KV relative to the earth, and the
wireless system as proposed by Tesla was designed to operate at 30-100MV, there is a
significant potential for electrically disturbing the atmosphere. It is not know whether this
would be beneficial or harmful. Vonnegut [75] has suggested that the destructive effects of
tornadoes may result from atmospheric electrical effects; however, Wilkins [76] concluded
from laboratory model vortex experiments that the electrical effects were the effect, rather
than the cause, of tornadoes.

Economic Viability

Given technical feasibility and safety, the wireless power transfer system must still be
economically viable in order to succeed. Multiple transmitter could conceivably be phased to
control the location of antinodes form which power could be extracted, however, this could be
at best, a short term solution, unless wireless is constrained to a relatively few large scale
facilities that will be expensive and technically difficult to construct. The worldwide
regulation and control of wireless power distribution will be difficult if physically constrained
to operate at selected resonant frequencies.

CONCLUSION

Times have changed since Tesla's initial investigations of wireless power. Tesla originally
envisioned a distributed network of relatively low level suppliers and users of wireless power,
and thought it would benefit remote users the most, although he also envisioned large scale
power distribution. Our power needs have dramatically increased over the past 100 years, as
have their complexity. Tesla expressed great confidence in the viability of wireless power
distribution, yet was unable to see its fruition after nearly 50 years of effort. The fulfillment of
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his vision was undoubtedly impeded by limitation on funds and resources. Tesla demonstrated

that the earth can be electrically resonated. The key challenge to feasible worldwide wireless
power distribution is whether a means can be found for efficiently coupling power into and
out of the cavity formed by the earth, the atmosphere, and the electrosphere/ionosphere.
Radiative coupling does not appear to be viable . A conductive approach is proposed which is
consistent with Tesla's original wireless concepts; this requires, however, further invention
and development. The receiver is the element requiring the most development to make
wireless power transfer feasible.
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