
8 On the Transmission of 
Electricity Without Wires 

Nikola Tesla 
Reprinted from Electrical World and Engineer, March 5, 1904 

It is impossible to resist your courteous request extended on an 
occasion of such moment in the life of your journal. Your letter has 
vivified the memory  of our beginning friendship,  of the  first 
imperfect attempts and undeserved successes, of kindnesses and   
misunderstandings. It has brought painfully to my mind the 
greatness of early expectations, 
the quick flight of time, and alas! the smallness of realizations. The following lines which, but 
for your initiative, might not have been given to the world for a long time yet, are an offering 
in the friendly spirit of old, and my best wishes for your future success accompany them. 
Towards the close of 1898 a systematic research, carried on for a number of years with the 
object of perfecting a method of transmission of electrical energy through the natural medium, 
led me to recognize three important necessities: First, to develop a transmitter of great power; 
second, to perfect means for individualizing and isolating the energy transmitted; and, third, to 
ascertain the laws of propagation of currents through the earth and the atmosphere. Various 
reasons, not the least of which was the help proffered by my friend Leonard E. Curtis and the 
Colorado   Springs  Electric  Company,   determined   me   to   select   for  my   experimental 
investigations the large plateau, two thousand meters above sea-level, in the vicinity of that 
delightful resort, which I reached late in May, 1899. I had not been there but a few days when 
I congratulated myself on the happy choice and I began the task, for which I had long trained 
myself, with a grateful sense and full of inspiring hope. The perfect purity of the air, the 
unequaled beauty of the sky, the imposing sight of a high mountain range, the quiet and 
restfulness  of the place—all around contributed to  make  the  conditions  for  scientific 
observations ideal. To this was added the exhilarating influence of a glorious climate and a 
singular sharpening of the senses. In those regions the organs undergo perceptible physical 
changes. The eyes assume an extraordinary limpidity, improving vision; the ears dry out and 
become more susceptible to sound. Objects can be clearly distinguished there at distances 
such that I prefer to have them told by someone else, and I have heard—this I can venture to 
vouch for—the claps of thunder seven and eight hundred kilometers away. I might have done 
better still, had it not been tedious to wait for the sounds to arrive, in definite intervals, as 
heralded precisely by an electrical indicating apparatus—nearly an hour before. 

In the middle of June, while preparations for other work were going on, I arranged one of 
my receiving transformers with the view of determining in a novel manner, experimentally, 
the electric potential of the globe and studying its periodic and casual fluctuations. This 
formed part of a plan carefully mapped out in advance. A highly sensitive, self-restorative 
device, controlling a recording instrument, was included in the secondary circuit, while the 
primary was connected to the ground and an elevated terminal of adjustable capacity. The 
variations of potential gave rise to electric surgings in the primary; these generated secondary 
currents, which in turn affected the sensitive device and recorder in proportion to their 
intensity. The earth was found to be, literally, alive with electrical vibrations, and soon I was 
deeply absorbed in the interesting investigation. No better opportunities for such observations 
as I intended to make could be found anywhere. Colorado is a country famous for the natural 
displays of electric force. In that dry and rarefied atmosphere the sun's rays beat the objects 

161 



with  fierce  intensity.   I   raised   steam,   to  a   dangerous pressure, in barrels filled with 
concentrated salt solution, and the tin-foil coatings of some of my elevated terminals 
shriveled 
up in the fiery blaze. An experimental high-tension transformer, carelessly exposed to the rays 
of the setting sun, had most of its insulating compound melted out and was rendered useless. 
Aided by the dryness and rarefaction of the air, the water evaporates as in a boiler, and static 
electricity is developed in abundance. Lightning discharges are, accordingly, very frequent 
and sometimes of inconceivable violence. On one occasion approximately twelve thousand 
discharges occurred in two hours, and all in a radius of certainly less than fifty kilometers 
from the laboratory. Many of them resembled gigantic trees of fire with the trunks up of 
down. I never saw fire balls, but as compensation for my disappointment I succeeded later in 
determining the mode of their formation and producing them artificially. 

In the latter part of the same month I noticed several times that my instruments were 
affected stronger by discharges taking place at great distances than by those near by. This 
puzzled me very much. What was the cause? A number of observations proved that it could 
not be due to the differences in the intensity of the individual discharges, and I readily 
ascertained that the phenomenon was not the result of a varying relation between the periods 
of my receiving circuits and those of the terrestrial disturbances. One night, as I was walking 
home with an assistant, meditating over these experiences, I was suddenly staggered by a 
thought. Years ago, when I wrote a chapter of my lecture before the Franklin Institute and the 
National Electric Light Association, it had presented itself to me, but I dismissed it as absurd 
and impossible. I banished it again. Nevertheless, my instinct was aroused and somehow I felt 
that I was nearing a great revelation. 

It was on the third of July—the date I shall never forget—when I obtained the first decisive 
experimental evidence of a truth of overwhelming importance for the advancement of 
humanity. A dense mass of strongly charged clouds gathered in the west and towards the 
evening a violent storm broke loose which, after spending much of its fury in the mountains, 
was driven away with great velocity over the plains. Heavy and long persisting arcs formed 
almost in regular time intervals. My observations were now greatly facilitated and rendered 
more accurate by the experiences already gained. I was able to handle my instruments quickly 
and I was prepared. The recording apparatus being properly adjusted, its indications became 
fainter and fainter with the increasing distance of the storm, until they ceased altogether. I was 
watching in eager expectation. Surely enough, in a little while the indications again began, 
grew stronger and stronger and, after passing through a maximum, gradually decreased and 
ceased once more. Many times, in regularly recurring intervals, the same actions were 
repeated until the storm which, as evident from simple computations, was moving with nearly 
constant speed, had retreated to a distance of about three hundred kilometers. Nor did these 
strange actions stop then, but continued to manifest themselves with undiminished force. 
Subsequently, similar observations were also made by my assistant, Mr. Fritz Lowenstein, and 
shortly afterward several admirable opportunities presented themselves which brought out, 
still more forcibly, and unmistakably, the true nature of the wonderful phenomenon. No 
doubt, whatever remained: I was observing stationary waves. 

As the source of disturbances moved away the receiving circuit came successively upon 
their nodes and loops. Impossible as it seemed, this planet, despite its vast extent, behaved like 
a conductor of limited dimensions. The tremendous significance of this fact in the 
transmission of energy by my system had already become quite clear to me. Not only was it 
practicable to send telegraphic messages to any distance without wires, as I recognized long 
ago, but also to impress upon the entire globe the faint modulations of the human voice, far 
more still, to transmit power, in unlimited amounts, to any terrestrial distance and almost 
without loss. 
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With these stupendous possibilities in sight, and the experimental evidence before me that 
their realization was henceforth merely a question of expert knowledge, patience and skill, I 
attacked vigorously the development of my magnifying transmitter, now, however, not so 
much with the original intention of producing one of great power, as with the object of 
learning how to construct the best one. This is, essentially, a circuit of very high self-induction 
and small resistance which in its arrangement, mode of excitation and action, may be said to 
be the diametrical opposite of a transmitting circuit typical of telegraphy by Hertzian or 
electromagnetic radiations. It is difficult to form an adequate idea of the marvelous power of 
this unique appliance, by the aid of which the globe will be transformed. The electromagnetic 
radiations being reduced to an insignificant quantity, and proper conditions of resonance 
maintained, the circuit acts like an immense pendulum, storing indefinitely the energy of the 
primary exciting impulses and impressions upon the earth of the primary exciting impulses 
and impressions upon the earth and its conducting atmosphere uniform harmonic oscillations 
of intensities which, as actual tests have shown, may be pushed so far as to surpass those 
attained in the natural displays of static electricity. 

Simultaneously with these endeavors, the means of individualization and isolation 
were 
gradually improved. Great importance was attached to this, for it was found that simple tuning 
was not sufficient to meet the vigorous practical requirements. The fundamental idea of 
employing a number of distinctive elements, co-operatively associated, for the purpose of 
isolating energy transmitted, I trace directly to my perusal of Spencer's clear and suggestive 
exposition of the human nerve mechanism. The influence of this principle on the transmission 
of intelligence, and electrical energy in general, cannot as yet be estimated, for the art is still 

in the embryonic stage; but many thousands of simultaneous telegraphic and telephonic 
messages, through one single conducting channel, natural or artificial, and without serious 
mutual interference, are certainly practicable, while millions are possible. On the other hand, 
any lesired degree of individualization may be secured by the use of a great number of co- 
operative elements and arbitrary variation of their distinctive features and order of succession. 
For obvious reasons, the principle will also be valuable in the extension of the distance of 
transmission. 
Progress though of necessity slow was steady and sure, for the objects aimed at were in a 
direction of my constant study and exercise. It is, therefore, not astonishing that before the 
end 
of 1899 I completed the task undertaken and reached the results which I have announced in 
my article in the Century Magazine of June, 1900, every word of which was carefully 
weighed. 
Much has already been done towards making my system commercially available, in the 
transmission of energy in small amounts for specific purposes, as well as on an industrial 
scale. The results attained by me have made my scheme of intelligence transmission, for 
which the name of "World Telegraphy" has been suggested, easily realizable. It constitutes, I 
believe, in its principle of operation, means employed and capacities of application, a radical 
and fruitful departure from what has been done heretofore. I have no doubt that it will prove 
very is efficient in enlightening the masses, particularly in still uncivilized countries and less 
accessible regions, and that it will add materially to general safety, comfort and convenience, 
and maintenance of peaceful relations. It involves the employment of a number of plants, all 
of which are capable of transmitting individualized signals to the uttermost confines of the 
earth. Each of them will be preferably located near some important center of civilization and 
the news it receives through any channel will be flashed to all points of the globe. A cheap 
and simple device, which might be carried in one's pocket, may then be set up somewhere on 
sea or land, and it will record the world's news or such special messages as may be intended 
for it. Thus the entire earth will be converted into a huge brain, as it were, capable of response 
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in every one of its parts. Since a single plant of but one hundred horse-power can operate 
hundreds of millions of instruments, the system will have a virtually infinite working capacity, 
and it must needs immensely facilitate and cheapen the transmission of intelligence. 

The first of these central plants would have been already completed had it not been for 
unforeseen delays which, fortunately, have nothing to do with its purely technical features. 
But this loss of time, while vexatious, may, after all, prove to be a blessing in disguise. The 
best design of which I know has been adopted, and the transmitter will emit a wave complex 
of total maximum activity of ten million horse-power, one per cent, of which is amply 
sufficient to "girdle the globe." This enormous rate of energy delivery, approximately twice 
that of the combined falls of Niagara, is obtainable only by the use of certain artifices, which I 
shall make known in due course. 

For a large part of the work which I have done so far I am indebted to the noble generosity 
of Mr. J. Pierpont Morgan, which was all the more welcome and stimulating, as it was 
extended at a time when those, who have since promised most, were the greatest of doubters. I 
have also to thank my friend, Stanford White, for much unselfish and valuable assistance. 
This work is now far advanced, and though the results may be tardy, they are sure to come. 

Meanwhile, the transmission of energy on an industrial scale is not being neglected. The 
Canadian Niagara Power Company have offered me a splendid inducement, and next to 
achieving success for the sake of the art, it will give me the greatest satisfaction to make their 
concession financially profitable to them. In this first power plant, which I have been 
designing for a long time, I propose to distribute ten thousand horse-power under a tension of 
one hundred million volts, which I am now able to produce and handle with safety. 

This energy will be collected all over the globe preferably in small amounts, ranging from a 
fraction of one to a few horse-power. One its chief uses will be the illumination of isolated 
homes. I takes very little power to light a dwelling with vacuum tubes operated by high- 
frequency currents and in each instance a terminal a little above the roof will be sufficient. 
Another valuable application will be the driving of clocks and other such apparatus. These 
clocks will be exceedingly simple, will require absolutely no attention and will indicate 
rigorously correct time. The idea of impressing upon the earth American time is fascinating 
and very likely to become popular. There are innumerable devices of all kinds which are 
either now employed or can be supplied, and by operating them in this manner I may be able 
to offer a great convenience to whole world with a plant of no more than ten thousand horse- 
power. The introduction of this system will give opportunities for invention and manufacture 
such as have never presented themselves before. 

Knowing the far-reaching importance of this first attempt and its effect upon future 
development, I shall proceed slowly and carefully. Experience has taught me not to assign a 
term to enterprises the consummation of which is not wholly dependent on my own abilities 
and exertions. But I am hopeful that these great realizations are not far off, and I know that 
when this first work is completed they will follow with mathematical certitude. 

When the great truth accidentally revealed and experimentally confirmed is fully 
recognized, that this planet, with all its appalling immensity, is to electric currents virtually no 
more than a small metal ball and that by this fact many possibilities, each baffling imagination 
and of incalculable consequence, are rendered absolutely sure of accomplishment; when the 
first plant is inaugurated and it is shown that a telegraphic message, almost as secret and non- 
interferable as a thought, can be transmitted to any terrestrial distance, the sound of the human 
voice, with all its intonations and inflections, faithfully and instantly reproduced at any other 
point of the globe, the energy of a waterfall made available for supplying light, heat or motive 
power, anywhere-on sea, or land, or high in the air-humanity will be like an ant heap stirred 
up with a stick: See the excitement coming! 
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9   The True Meaning of Wireless 
Transmission of Power 

Toby Grotz 
Reprinted from Tesla: A Journal of Modern Science, 1997 

Abstract 

Many researchers have speculated on the meaning of the phrase "non-Hertzian waves" 
as used by Dr. Nikola Tesla.1 Dr. Tesla first began to use this term in the mid 1890's in order 
to explain his proposed system for the wireless transmission of electrical power. In fact, it was 
not until the distinction between the method that Heinrich Hertz was using and the system Dr. 
Tesla had designed, that Dr. Tesla was able to receive the endorsement of the renowned 
physicist, Lord Kelvin.[l] To this day, however, there exists a confusion amongst researchers, 
experimentalists, popular authors and laymen as to the meaning of non-Hertzian waves and 
the method Dr. Tesla was promoting for the wireless transmission of power. In this paper, the 
terms pertinent to wireless transmission of power will be explained and the methods being 
used by present researchers in a recreation of the Tesla's 1899 Colorado Springs experiments 
will be defined. 

Early Theories of Electromagnetic Propagation 

In pre-World War I physics, scientists postulated a number of theories to explain the 
propagation of electromagnetic energy through the ether. There were three popular theories 
present in the literature of the late 1800's and early 1900's. They were: 

1. Transmission through or along the Earth, 
2. Propagation as a result of terrestrial resonances, 
3. Coupling to the ionosphere using propagation through electrified gases. 

We shall concern our examination at this time to the latter two theories as they were both 
used by Dr. Tesla at various times to explain his system of wireless transmission of power. It 
should be noted, however, that the first theory was supported by Fritz Lowenstein, the first 
vice-president of the Institute of Radio Engineers, a man who had the enviable experience of 
assisting Dr. Tesla during the Colorado Springs experiments of 1899. Lowenstein presented 
what came to be known as the "gliding wave" theory of electromagnetic radiation and 
propagation during a lecture before the IRE in 1915. (Fig. 1) 

Dr. Tesla delivered lectures to the Franklin Institute at Philadelphia, in February, 1983, 
and to the National Electric Light Association in St. Louis, in March, 1983, concerning 
electromagnetic wave propagation. The theory presented in those lectures proposed that the 
Earth could be considered as a conducting sphere and that it could support a large electrical 

1 An honorary doctorate degree, was awarded Nikola Tesla in June, 1894 from Columbia College 
in the City of New York (Source: Columbia University Archives) - Ed. note. 
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charge. Dr. Tesla proposed to disturb the charge distribution on the surface of the Earth and 
record the period of the resulting oscillations as the charge returned to i t s  state of equilibrium. 
The problem of a single charged sphere had been analyzed at that time by J. J. Thompson and 
A.G. Webster in a treatise entitled "The Spherical Oscillator." This was the beginning of an 
examination of what we may call the science of terrestrial resonances, culminating in the 
1950's and 60's with the engineering of VLF radio systems and the research and discoveries of 
W.O. Schumann and J.R. Waite. 

 
Sketch used by Fritz Lowenstein in his 1915 IRE lecture to explain 
the mechanism of radiation and propagation for radio waves. "...Q 
[is] the charge in the antenna and... q the electric charge of each 
half wave length gliding along the earth..." Even Zenneck was 
prepared to accept Lowenstein's explanation. Lowenstein 
believed that charge q was detached from the antenna and floated 
off along the ground as a "gliding wave."s 

— Tesla Primer and Handbook, Chapter 2. 

The second method of energy propagation proposed by Dr. Tesla was that of the 
propagation of electrical energy through electrified gases. Dr. Tesla experimented with the use 
of high frequency RF currents to examine the properties of gases over a wide range of 
pressures. It was determined by Dr. Tesla that air under a partial vacuum could conduct high 
frequency electrical currents as well or better than copper wires. If a transmitter could be 
elevated to a level where the air pressure was on the order of 75 to 130 millimeters in pressure 
and an excitation of megavolts was applied, it was theorized that; "...the air will serve as a 
conductor for the current produced, and the latter will be transmitted through the air with, it 
may be, even less resistance than through an ordinary copper wire". (Fig. 2) 
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Resonating Planet Earth 

Dr. James T. Corum and Kenneth L. Corum, in Chapter 2 of their book, A Tesla Primer, 
point out a number of statements made by Dr. Tesla which indicate that he was losing 
resonator fields and transmission line modes. 

1. When he speaks of tuning his apparatus until Hertzian radiations have been eliminated, 
he is referring to using ELF vibrations: "...the Hertzian effect has gradually been reduced 
through the lowering of frequency." [3] 

2. "...the energy received does not diminish with the square of the distance, as it should, 
since the Hertzian radiation propagates in a hemisphere."[3] 

3. He apparently detected resonator or standing wave modes: "...my discovery of the 
wonderful law governing the movement of electricity through the globe...the projection of the 
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wavelengths (measured along the surface) on the earth's diameter or axis of symmetry...are all 
equal."[3] 

4. "We are living on a conducting globe surrounded by a thin layer of insulating air, above 
which is a rarefied and conducting atmosphere...The Hertz waves represent energy which is 
radiated and unrecoverable. The current energy, on the other hand, is preserved and can be 
recovered, theoretically at least, in its entirety. "[4] 

As Dr. Corum points out, "The last sentence seems to indicate that Tesla's Colorado 
Springs experiments could be properly interpreted as characteristic of a wave-guide probe in a 
cavity resonator. "[5] This was in fact what led Dr. Tesla to report a measurement which to this 
day is not understood and has led many to erroneously assume that he was dealing with faster 
than light velocities. 
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 The controversial Measurement 
 
The mathematical models and experimental data used by Schumann and Waite to 
describe ELF transmission and propagation are complex and beyond the scope of this paper. 
Dr. James F. Corum, Kenneth L. Corum and Dr. A-Hamid Aidinejad have, however, in a 
series of papers presented at the 1984 Tesla Centennial Symposium and the 1986 International 
Tesla Symposium, applied the experimental values obtained by Dr. Tesla during his Colorado 
Springs experiments to the models and equations used by Schumann and Waite. The results of 
this exercise have proved that the Earth and the surrounding atmosphere can be used as a 
cavity resonator for the wireless transmission of electrical power. (Fig. 3) 

Dr. Tesla reported that 0.08484 seconds was the time that a pulse emitted from his 
laboratory took to propagate to the opposite side of the planet and to return. From this 
statement many have assumed that his transmissions exceeded the speed of light and many 
esoteric and fallacious theories and publications have been generated. As Corum and 
Aidinejad point out, in their 1986 paper, "The Transient Propagation of ELF Pulses in the 
Earth Ionosphere Cavity", this measurement represents the coherence time of the Earth cavity 
resonator system. This is also known to students of radar systems as a determination of the 
range dependent parameter. The accompanying diagrams from Corum's and Aidinejad's paper 
graphically illustrate the point. (Fig. 4 & Fig. 5) 
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We now turn to a description of the methods to be used to build, as Dr. Tesla did in 
1899, a cavity resonator for the wireless transmission of electrical power. 

PROJECT TESLA 

The Wireless Transmission of Electrical Energy Using Schumann Resonance 

It has been proven that electrical energy can be propagated around the world between the 
surface the Earth and the ionosphere at extreme low frequencies in what is known as the 
Schumann Cavity. The Schumann cavity surrounds the Earth between ground level and 
extends upward to a maximum 80 kilometers.  Experiments to date have  shown that 
electromagnetic waves of extreme low frequencies in the range of 8 Hz, the fundamental 
Schumann Resonance frequency, propagate with little attenuation around the planet within the 
Schumann Cavity. Knowing that a resonant cavity can be excited and that power can be 
delivered to that cavity similar to the methods used in microwave ovens for home use, it 
should be possible to resonate and deliver power via the Schumann Cavity to any point on 
Earth. This will result in practical wireless transmission of electrical power. 
 
Background 

Although it was not until 1954-1959 when experimental measurements were made of the 
frequency that is propagated in the resonant cavity surrounding the Earth, recent analysis 
shows that it was Nikola Tesla who, in 1899, first noticed the existence of stationary waves in 
the Schumann cavity. Tesla's experimental measurements of the wave length and frequency 
involved closely match Schumann's theoretical calculations. Some of these observations were 
made in 1899 while Tesla was monitoring the electromagnetic radiations due to lightning 
discharges in a thunderstorm which passed over his Colorado Springs laboratory and then 
moved more than 200 miles eastward across the plains. In his Colorado Springs Notes, Tesla 
noted that these stationary waves "... can be produced with an oscillator," and added in 
parenthesis, "This is of immense importance. "[6] The importance of his observations is due to 
the support they lend to the prime objective of the Colorado Springs laboratory. The intent of 
the experiments and the laboratory Tesla had constructed was to prove that wireless 

transmission of electrical power was possible. 
Schumann Resonance is analogous to pushing a pendulum. The intent of Project Tesla is 

to create pulses or electrical disturbances that would travel in all directions around the Earth 
in 
the thin membrane of non- conductive air between the ground and the ionosphere. The pulses 
or waves would follow the surface of the Earth in all directions expanding outward to the 
maximum circumference of the Earth and contracting inward until meeting at a point opposite 

to that of the transmitter. This point is called the anti-pode. The traveling waves would be 
reflected back from the anti-pode to the transmitter to be reinforced and sent out again. 

At the time of his measurements Tesla was experimenting with and researching methods 
for "...power transmission and transmission of intelligible messages to any point on the 
globe." Although Tesla was not able to commercially market a system to transmit power 
around the globe, modem scientific theory and mathematical  calculations  support his 
contention that the wireless propagation of electrical power is possible and a feasible 
alternative to the extensive and costly grid of electrical transmission lines used today for 
electrical power distribution. 
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The Need for a Wireless System of Energy Transmission 

A great concern has been voiced in recent years over the extensive use of energy, the 
limited supply of resources, and the pollution of the environment from the use of present 
energy conversion systems. Electrical power accounts for much of the energy consumed 
Much of this power is wasted during transmission from power plant generators to the 
consumer. The resistance of the wire used in the electrical grid distribution system causes a 

 
loss of 26-30% of the energy generated. This loss implies that our present system of electrical 
distribution is only 70-74% efficient (true only in the 1980's; today it is much worse. - Ed. 
note). A system of power distribution with little or no loss would conserve energy. It would 
reduce pollution and expenses resulting from the need to generate power to overcome and 
compensate for losses in the present grid system. 

The proposed project would demonstrate a method of energy distribution calculated to 
be 90-94% efficient. An electrical distribution system, based on this method would eliminate 
the need for an inefficient, costly, and capital intensive grid of cables, towers, and substations. 
The system would reduce the cost of electrical energy used by the consumer and rid the 
landscape of wires, cables, and transmission towers. 

There are areas of the world where the need for electrical power exists, yet there is no 
method for delivering power. Africa is in need of power to run pumps to tap into the vast 
resources of water under the Sahara Desert. Rural areas, such as those in China, require the 
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electrical power neccssury to bring them into the 20th century and to equal standing with 
western nations. As first proposed by Buckminster Fuller, wireless transmission of power 
would enable world wide distribution of off peak demand capacity. This concept is based on 
the fact that some nations, especially the United States, have the capacity to generate much 
more power than is needed. This situation is accentuated at night. The greatest amount of 
power used, the peak demand, is during the day. The extra power available during the night 
could be sold to the side of the planet where it is day time. Considering the huge capacity of 
power plants in the United States, this system would provide a saleable product which could 
do much to aid our balance of payments. 

MARKET ANALYSIS 

Of the 56 billion dollars spent for research by the the U.S government in 1987, 64% was 
for military purposes, only 8% was spent on energy related research. More efficient energy 
distribution systems and sources are needed by both developed and under developed nations. 
In regards to Project Tesla, the market for wireless power transmission systems is enormous. 
It has the potential to become a multi-billion dollar per year market. 

Market Size 

The increasing demand for electrical energy in industrial nations is well documented. If 
we include the demand of third world nations, pushed by their increasing rate of growth, we 
could expect an even faster rise in the demand for electrical power in the near future. In 1971, 
nine industrialized nations, (with 25 percent of the world's population), used 690 million 
kilowatts, 76 percent of all power generated. The rest of the world used only 218 million 
kilowatts. By comparison, China generated only 17 million kilowatts and India generated only 

15 million kilowatts (less than two percent each) [7] 
If a conservative assumption was made that the three-quarters of the world which is only 

using one-quarter of the current power production were to eventually consume as much as the 
first quarter, then an additional 908 million kilowatts will be needed. The demand for 
electrical power will continue to increase with the industrialization of the world. 

Market Projections 

The Energy Information Agency (EIA), based in Washington, D.C., reported the 1985 
net generation of electric power to be 2,489 billion kilowatt hours. At a conservative sale price 
of $.04 per kilowatt hour that result in a yearly income of 100 billion dollars. The EIA also 
reported that the 1985 capacity according to generator name plates to be 656,118 million 
watts. This would result in a yearly output of 5,740 billion kilowatt hours at 100% utilization. 
What this means is that we use only about 40% of the power we can generate (an excess 
capability of 3,251 billion kilowatt hours). Allowing for down time and maintenance and the 

fact that the night time off peak load is available, it is possible that half of the excess power 
generation capability could be utilized. If 1,625 billion kilowatt hours were sold yearly at 
$.06/kilowatt, income would total 9.7 billion dollars. 

Project Tesla: Objectives 

The objectives of Project Tesla are divided into three areas of investigation: 
1. Demonstration that the Schumann Cavity can be resonated with an 

173 



open air, vertical dipole antenna; 
2. Measurement of power insertion losses. 
3. Measurement of power retrieval losses, locally and at a distance. 

Methods 

A full size, 51 foot diameter, air core, radio frequency resonating coil and a unique 130 
foot tower, insulated 30 feet above ground, have been constructed and are operational at an 
elevation of approximately 11,000 feet. This system was originally built by Robert Golka in 
1973-1974 and used until  1982 by the United States Air Force at Wendover AFB in 
Wendover, Utah. The USAF used the coil for simulating natural lightning for testing and 
hardening fighter aircraft. The system has a capacity of over 600 kilowatts. The coil, which is 
the largest part of the system, has already been built, tested, and is operational. A location at a 
high altitude is initially advantageous for reducing atmospheric losses which work against an 
efficient coupling to the Schumann Cavity. The high frequency, high voltage output of the coil 
will be half wave rectified using a uniquely designed single electrode X-ray tube. The X-ray 
tube will be used to charge a 130 ft. tall, vertical tower which will function to provide a 
vertical current moment. The mast is topped by a metal sphere 30 inches in diameter. X-rays 
emitted from the tube will ionize the atmosphere between the Tesla coil and the tower. This 
will result in a low resistance path causing all discharges to flow from the coil to the tower. A 
circulating current of 1,000 amperes in the system will create an ionization and corona 
causing a large virtual electrical capacitance in the medium surrounding the sphere. The total 
charge around the tower will be in the range of between 200-600 coulombs. Discharging the 
tower 7-8 times per second through a fixed or rotary spark gap will create electrical 
disturbances, which will resonantly excite the Schumann Cavity, and propagate around the 
entire Earth. 

The propagated wave front will be reflected from the antipode back to the transmitter 
site. The reflected wave will be reinforced and again radiated when it returns to the 
transmitter. As a result, an oscillation will be established and maintained in the Schumann 
Cavity. The loss of power in the cavity has been estimated to be about 6% per round trip. If 
the same amount of power is delivered to the cavity on each cycle of oscillation of the 
transmitter, there will be a net energy gain which will result in a net voltage, or amplitude 
increase. This will result in reactive energy storage in the cavity. As long as energy is 
delivered to the cavity, the process will continue until the energy is removed by heating, 
lightning discharges, or as is proposed by this project, loading by tuned circuits at distant 
locations for power distribution. 

The resonating cavity field will be detected by stations both in the United States and 
overseas. These will be staffed by engineers and scientists who have agreed to participate in 
the experiment. Measurement of power insertion and retrieval losses will be made at the 
transmitter site and at distant receiving locations. Equipment constructed especially for 
measurement of low frequency electromagnetic waves will be employed to measure the 
effectiveness of using the Schumann Cavity as a means of electrical power distribution. 

The detection equipment used by project personnel will consist of a pick up coil and 
industry standard low noise, high gain operational amplifiers and active band pass filters. In 
addition to project detection there will be a record of the experiment recorded by a network of 
monitoring stations that have been set up specifically to monitor electromagnetic activity in 
the Schumann Cavity. 

Evaluation Procedure 
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 The project will be evaluated by an analysis of the data provided by local and distant 
measurement stations. The output of  the transmitter will produce a 7-8 Hz sine wave as a 
result of the discharges from the antenna. The recordings made by distant stations will be 
time 
synchronized to ensure that the data received is a result of the operation of the transmitter. 

Power insertion and retrieval losses will be analyzed after the measurements taken 
during the transmission are recorded. Attenuation, field strength, and cavity Q will be 
calculated using the equations presented in Dr. Corum's papers. These papers are noted in the 
references. If recorded results indicate power can be efficiently coupled into or transmitted in 
the Schumann Cavity, a second phase of research involving power reception will be initiated. 

Environmental Considerations 

The extreme low frequencies (ELF), present in the environment have several origins. 
The time varying magnetic fields produced as a result of solar and lunar influences on 
ionospheric currents are on the order of 30 nanoteslas (nT).2 The largest time varying fields 
are those generated by solar activity and thunderstorms. These magnetic fields reach a 
m a x i m u m  of 0.5 microteslas (uT) The magnetic fields produced as a result of lightning 
discharges in the Schumann Cavity peak at 7, 14, 20 and 26 Hz. 
The magnetic flux densities associated with these resonant frequencies vary from 0.25 to 
3.6 picoteslas per root hertz (pT/Hz1/2). Exposure to man made sources of ELF can be up to 1 
billion (1000 million or 1 x 109) times stronger than that of naturally occurring fields. 

Household appliances operated at 60 Hz can produce fields as high as 2.5 milliTesla (mT). 
The field under a 765 kV, 60 Hz power line carrying 1 amp per phase is 15 uT. ELF antennae 
systems that are used for submarine communication produce fields of 20 uT. Video display 
Terminals produce fields of 2 uT, 1,000,000 times the strength of the Schumann Resonance 

frequencies [9]. 
Project Tesla will use a 150 kW generator to excite the Schumann cavity. Calculations 

predict that the field strength due to this excitation at 7.8 Hz will be on the order of 46 
picoteslas. 

Future Objectives 

The successful resonating of the Schumann Cavity and wireless transmission of power 
on a small scale resulting in proof of principle will require a second phase of engineering, the 
design of receiving stations. On completion of the second phase, the third and fourth phases of 
the project involving further tests and improvements and a large scale demonstration project 
will be pursued to prove commercial feasibility. Total cost from proof of principle to 
commercial prototype is expected to total $3 million. 

The unit of magnetic induction, formerly "Webers per meter squared" is now a "Tesla." It equals 
10,000 gauss, which is a commonly used, smaller unit for magnets and "gaussmeters." - Ed. note 
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10   Tesla's Self-Sustaining Electrical 
Generator 

Oliver Nichelson 
Adapted from Proceedings of the Tesla Centennial Symposium, 1984 

Abstract 

Before the discovery of the electron, the principle theory used to describe the electrical 
activity was that of the ether. At the turn of this century, the ether theory in use by science was 
a remnant of the concept common in western thought for several centuries. This situation 
favored the rise of atomic theory. This change in scientific paradigm requires a translation 
from 19th century terminology into 20th century language in order to understand Tesla's later 
research. Of particular interest is his magnifying transformer which claimed to produce 
resistanceless current. 

The Historical Ether 

Though science aims at giving accurate descriptions of the workings of nature, these 
descriptions change from historical period to historical period. In the same way that an object 
in one European country is called by a different name in an adjoining European country, so do 
the descriptions of nature change during different periods of man's history. 
In the 19th century western science the broadest view of the physical world was that all 
objects were somehow each connected to one another through pre-material ether. Solid bodies 
were believed to be made from condensation of this ether. In this worldview, atoms and 
electrons did not exist as scientific realities. 
Toward the end of the last century the atomic picture of the world emerged in steps. 
Solid bodies were explained by minute vortices in the ether - small whirlpools - forming 
lumps of matter. Lord Kelvin, the virtual spokesman of Victorian science, developed an ether 
vortex model of the electron in an effort to explain some of the properties of electricity.  The 
electron as a discrete particle did not become a fact of science until Thompson discovered it in 
1897. 

The view of nature as a single entity formed out of the ether changed to the modem one 
of matter being made of collections of individual particles in 1905 [1]. In that year, Einstein 
presented his paper on Brownian motion explaining the movement of pollen particles on the 
surface of water in terms of discrete units of matter. From then until today, the atomic view 
has prevailed. 
This difference between the  19th century description of nature and our presented 
description makes it difficult to have a complete picture of the work of the early electrical 
researchers. Today, Faraday, Maxwell and Tesla are recognized as valued contributors of the 
understanding  of electricity,  but their work was  carried out before the  electron- the 
fundamental carrier of electrical charge - was discovered. All of these scientist held a belief in 
an physical ether. Though Faraday's laws of induction are still accepted, and Maxwell's 
equations from electromagnetism are still used routinely, and Tesla's generators are still 
powering our lights, the 19th century physics that they learned and out of which their physics 
came, has been judged scientifically wrong. 
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The curious situation in which Faraday,  Maxwell and Tesla can be seen be both right in 
their results but wrong in their beliefs about physics comes from an inability to translate the 
concepts of their historical periods into the language of our period. This lack of chronological 
translation, in contract to the spatial translation between European languages, is also an 
obstacle to understanding the physics of self-sustaining electrical ("free energy") generators 
based on the 19th century views. 

In the last half of the 19th century, when researchers had to deal with the ether in 
practical engineering terms in order to guild their electrical devices, the concept of the ether 
then, several centuries old, was a watered down theory. At that time, the ether was considered 
something like a thin gas that could be found everywhere. However, that was not a historically 
correct view of the ether. 

The ether had been pictured traditionally as a non-material substance capable of 
condensing into ponderable matter. Gas, no matter how thin, is still ponderable matter; and 
because of that, could not qualify as the ether. 

To find out what was meant historically by the concept of ether, an early writer on the 
subject can be cited. Robert Fludd, in 1659 described the "Ethericall...influences" as "far 
subtler condition than is the vehicle of visible light... so thin, so mobile, so penetrating, so 
lively, that they are able, and also do continually penetrate, and that without manifest 
obstacles or resistance, even unto the center or inward bosom of the earth where they generate 
metals of sundry kinds."[2] 

Fludd quotes an even older source on the nature of ether, the writings of Plotinus (3rd 
Century AD) where the ether is described as being so fine "that it doth penetrate all bodies 
and... it maketh them not a jot bigger for all that because this inward spirit doth nourish and 
preserve all bodies." [3] 

From these older descriptions of the ether, the following attributes can be seen missing 
from the late 19th century concept. First, the ether was held to be truly non-material - it does 
not make bodies "a jot bigger". If the ether were a gas, its addition to anything would be 
measurable. Second, the ether is a substance less material than "the vehicle of visible light", 
that is, something less than what today is known as a photon. Third, the ether was credited 
with generating metals and nourishing all bodies, clearly a distinct property not belonging to 
gases. 

Whether or not the reality of the ether as put forth by these authors is accepted, it is 
historical fact that the tether Michelson and Moraly did not find in their experiments and that 
the modern atomists ridiculed so strongly when they came to scientific power in the early 20th 
century was never claimed to exist by people who first used the term. Taking a longer view of 
science, modem theorists fought a battle against an issue that never existed. 

If, on the other hand, the ether is looked at in the earlier description of its properties, 
something can be learned about the operation of a least one type of self sustaining electrical 
generator. To do this, the ether concept has to be translated into an artifact of contemporary 
science. 

The Modern Ether 

The properties of having less mass than a massless photon, being able to interpenetrate 
a body but not add to it, and generating material bodies are encompassed in the modern view 
of the quantum wave nature of matter. In quantum theory, an object can be viewed as either 
made of particles or waves. It is not an idea everyone is comfortable with even now but one 
that is widely accepted and known to be verifiable by experiment. Transistors, tunnel diodes 
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and even digital watches are a few of the real world objccts operating on physical principles 
that are explained best by the quantum wave nature of matter. 
If an object can be both a quanum wave and a particle, then it its wave state, it can be 
said to interpenetrate an object without making it "a jot bigger". Also, being a wave 
equivalent to a particle, the wave would not have the mass of a particle. It has amplitude 
instead.   The quantum wave is also responsible for the generation of solid bodies. Present 
theory has it that a particle exists in its quantum wave state until a measurement is made, 
when the wave is then said, to collapse to form an object.  The collapse of the quantum wave 
defines the state of the object, that is, it generates the particle. 

The quantum wave state of nature very much resembles the 17th century picture of the 
ether. 

With this conceptual parallel in mind, it is possible to understand better the work of 
Nikola Tesla, who held the ether theory as a scientific concept, who, also no the basis of this 
theory, build working electrical machines, and who is associated with the idea of an electrical 
generator which could maintain a current without an external prime mover. 
Schooled during the 1860's, Nikola Tesla's understanding of physics was pre-atomic. 

In his biographical articles Tesla does not comment on the theoretical aspects of his education, 
but in his technical writings, he uses the term "the ether" in a positive sense and only in his 
later writings are found grudging references to atomic particles and electrons. 

Tesla's Magnifying Transformer 

Tesla's most famous device was what he called a Magnifying Transformer, the 
principal tests of which were carried out in Colorado Springs during 1899. The device is 
described in his U.S. Patent as an "Apparatus for Transmitting Electrical Energy" [4] and 
claims some unusual characteristics among which were the propagation of waves faster than 
the speed of light, the transmission of signals, not around the earth, but through the earth, and 
doing this by eliminating as much as possible electromagnetic waves - the only electrically 
related waves known today capable of transmitting signals. 

Tesla did this using a coil with 10,000 - 11,000 feet of cable [5], with what he claimed 
so be little or no resistance. This last fact, giving rise to the belief that in addition to tits other 
unusual characteristics, the device had the property of maintaining its current for a measurable 
period of time after disconnection from an outside power source. 
Taking these ideas together — that the ether is equivalent to quantum wave energy, that 
Tesla held a belief in a physical ether, and that Tesla build a device capable of maintaining an 
electrical current without an external prime mover, a conclusion that can be reached, is that 
the quantum wave theory can be used to understand the dynamics of Tesla's magnifying 
transformer. This follows from the work of Dr. Andrija Puharich who, in a 1976 paper, put 
forth the idea that the magnifying transformer could not be explained by the laws of classical 
electrodynamics, but, rather in terms of high energy particle transformations [6]. 
The wave theory of matter gained its present popularity in 1923 through the efforts of 
de Broglie. When experiments showed that light could be considered both a particle and a 
wave he reasoned that an electron, clearly a particle, could behave like a wave. He deduced 
the wavelength of the electron from the equation E=hf which equates the energy of a particle 
to the product of Planck's constant times the frequency. (Lambda works out to be 2.4 x 10-12 
meters, which is the classical wavelength for the electron.) 
In analyzing the Tesla magnifying transformer, this mathematical relationship can be used 
to determine the quantum energy of a wave in the transformer's operating frequency (here we 
use the pulse repetition rate of 7.5 Hz, following Corum [10] instead of the author's originally 
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suggested kilohertz. oscillation frequency - Ed. note) and putting that value into the equation 
gives: 

 
which would be the radiated energy per accelerated charge carrier (electron) in the conducor. 

If the magnifying transmitter were operating at a current I = 100 amperes, the total 
charge can be found. Current is charge per time (I = q / t) and by definition, 1 Ampere = 1 
Coulomb / second. This relationship can be used in turn to determine the number of charge 
carriers per second in the conductor for a 100 A current: 

 
The total number of charge carriers times the emitted energy per charge carrier would 

equal the quantum energy of the wave at a given frequency (7.5 Hz in this case): 

 

If the highest reported current that Tesla used, 1000 amperes, is put into the calculation, 
the energy range would be 3.1 x 10"12 J/s to 31 x l0-12J/s. 

Converting to a more commonly used system of measures, the energy of a quantum 
wave at 7.5 Hz would be: 

 
If the highest current of 1000 amperes is put into the calculation, the energy of a 

quantum wave would be 190 Mev.1 
In order to generate a wave of this energy, an electron would have to undergo a 

potential difference in the range of 19 to 190 million volts. 
Tesla's magnifying transformer was reported to operate in the range of tens of millions 

of volts. At 20 million volts there would be more than sufficient  electrical force to create a 

1 Compare to Corum [10] who calculate about 225 coulombs in a volume of 10,000 cubic meters of 
glow discharge. Using 2.5 eV per molecule of air, the amount of power Tesla used for a pulse 
repetition rate of 7.5 Hz is found to be only 6.5 hp, consistent with what Tesla reported. For reasons 
explained in the article, the Corums find that Tesla generated l0 MeV electrons at 1000 amperes. 
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bacuum wave for the amount of charge in motion at 7.5Hz. At 200 million volts there would 
be enough force to produce such a wave for a current of 1000 amperes at that frequency. 

The generation of a quantum wave by the magnifying transformer goes a long way in 
explaining some of the properties Tesla claimed for the device. For one, he said that 
electromagnetic waves were reduced to a minimum and, indeed, it would seem hard to 
propagate any e.m.   radiation with the  blunt  topped  tower  used  in  his  transmission 
experiments. If, however, the waves that were being emitted were quantum waves, or waves 
of the ether, his claims for radiating energy from one point to another without the use of 
electromagnetism becomes clear. 

Also, Tesla's statement that electromagnetic radiations were similar to the waves 
transmitted by an ordinary whistle through the air [7] makes sense. According to his view, 
e.m. waves would  be  nothing  but  undulations   in  the  atmospheric   gases,  while  his 
transmissions were taking place in a wholly different medium, that of the ether. 

Tesla's claim for instantaneous transmission of energy has a basis in modern theory 
too, for a quantum wave is non-local in nature. That is, its effect is not limited to 
one 
particular point, but, through a physical process still not completely agreed upon, the 
effect 
can be measured at great distances from the point of origin at the moment of origin. 

The Superconducting State 

As to maintaining a current in the transformer without an external power source, the 
only condition known today for achieving this, is the state of superconduction, which seemed 

to be ruled out in the case of Tesla's device which operated far above the almost zero 
temperatures   needed   for   superconduction.    However,    what   is   understood   as   the 
superconducting state in today's science is in fact a description of the conductor. If a material 
has a certain type of atomic configuration and is cooled to a certain temperature,  a 
superconducting condition exists in which a perpetual current can be maintained.  The 
superconducting state, though, can exist without there being a current in the conductor. The 

state is a characteristic of the conductor. 
Tesla may have discovered that superconductivity can be a property not of the 

conductor but of the current itself. 
To examine how this might be the case, a specific model of electrical activity will be 
used. Instead of picturing an electric current composed of billiard ball particles of of little 
satellites of nuclear suns, or as an electron gas, or as electron plasma, it can be imagined as an 
electron liquid. At this point the make up of the liquid is not as important as is its fluid nature 
and that the fluid is electrical. 

The model of a liquid is useful because it provides an easy example of how a substance 
can remain the same and yet become radically different under certain conditions. With water, 
when heat is removed from it, a phase change takes place which transforms it into solid ice. 
When thermal energy is added to water, it undergoes a different phase change and becomes a 
gas. The substance remains the same, but it exists in three difference states. 

One of the extreme states that a fluid can achieve is superfluidity during which a liquid 
will move up the walls of its container. This, of course, is a property of the liquid, not of the 
container. 

Perhaps the same phase change phenomenon takes place in the electron liquid. Under 
certain conditions, high voltage and or high current, the electron liquid will remain the same 
substance but will take on radically different properties, similar to the state of superfluidity. 

This condition would be a state change in the current, not in whatever material is serving as 
the conductor. 
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A state of superfluidity in an electron liquid would explain how Tesla was able to 
sent 
a current through the earth. When in its commonly known state a current does not travel far 
through the earth's resistance, but if the current has undergone the proper phase change, it 
could easily travel with no resistance. 

Likewise, a phase changed current would travel through a generator coil with no 
resistance. Having undergone the change it would become a super-current in a non- 
superconducting conductor. Such a condition would allow a generator to maintain a current 
without an external power source. 

This particular solution, which of course has to be tested, of Tesla's self-sustaining 
generators, is not an explanation of all the other similar devices such as the Figuera, Hubbard 
and Herdershot devices [8]. There are probably as many engineering solutions to such 
generators as there are inventors of them. 

One characteristic all the other devices have in common in contrast to Tesla's 
magnifying transformer, is that they did not require the high voltage and currents Tesla used. 
They do not, though, represent an engineering advancement over Tesla's  engineering 
methods. 

Tesla put his main efforts into high energy devices as a matter of mere practicality in 
marketing a product. A year after his Colorado Springs experiments, he wrote in his Century 
magazine article, 1900, that he had spent a great deal of time on a smaller generator but 
realized that negative market pressures would not allow such a machine to see the commercial 
light of day [9]. And he was right; it is not possible yet to by a Hubbard or a Hendershot 
generator to light our homes. 

Tesla believed he had a greater chance for introducing a new electrical technology if it 
made use of the generators then being sold, but which used their output in novel ways — which 
is why he concentrated on the wireless power transmission project, though even that idea 
proved too much for his time. 

A careful study of his later writings shows that many of his more advanced concepts 
were based on earlier work with lower voltage versions of generators capable of maintaining a 
super-current. These designs appear to be based on intricate configurations of coil geometries. 
The peak of this line of research might have been just before the fire of his New York City 
laboratory in which, many of his prototypes and papers were lost. The task of uncovering the 
precise nature of these designs becomes very complex, because after the fire, Tesla spoke of 
his more advanced work only obliquely and never in detail. 

Recovering these earlier designs would bring about the second stage of electrical 
technology - one that Nikola Tesla started, here, a century ago. 
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2. Force-free fields. Consider  the Lust and Schlueter expression for 
force-free fields with cylindrical symmetry (i.e. axial plus azimuthal 

symmetry). 
a) For the constant twist field, that we covered in class, derive an 

expression for alpha, the ratio between current and magnetic field 
vector. 

b) The magnetic field vector is tangent to the magnetic field line at 
any point. Hence the tangent vector satisfies 

 
which is the field line equation. From the solution for a constant 
twist field derive the number of turns in the fieldlines on an axial 
segment of length L. 

c) Now assume alpha is constant and use that to simplify the Lust and 
Schluter differential equation to derive Bessel's equation. Find and 
sketch the solutions for B_z and B_phi. 

Robert W. Bass is a physicist working for an aerospace firm and can be reached at 45960 
Indian Way #612, Lexington Park, MD 20653, donquixote@radix.net 
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Ed note: For those interested in the specific equations in this article that may not 
be legible, visit www.IntegrityResearchInstitute.org or email: iri@erols.com 
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13   Tesla's ELF Oscillator for Wireless 
Transmission 

James Corum,Ph. D. 
Kenneth L. Corum 

Reprinted from Tesla: A Journal of Modem Science, 1997 

Introduction 

For a scientist, Tesla was a prolific but abstruse and poetic writer. He left behind a 
considerable volume of technical and enigmatic descriptive writings, lectures, patents, articles 
and newspaper interviews. Additionally, his Colorado Springs diary and his Long Island notes 

provide a showcase through with the wealth of his creative mind may be viewed from 
our 
present technological perspective. Such remarkable situations rarely present themselves with 
such prolific documentation to future generations. In reading the Colorado Springs and Long 

Island notes, one feels as though he has just blown away the dust of the years and opened 
diaries of Columbus or Da Vinci. Before him sit the thoughts and experimentations of the 
powerful intellect which invented for modern civilization the electrical equivalent of the 
wheel—the rotating magnetic field. 

It would be an understatement to say that an electrical engineer can certainly empathize 
with the excitement described by Carter as he peered through the chink in the wall of an 
Egyptian torn and saw before him the treasures of Tutankamen. What we must ascertain, 
however, is whether Tesla's words, unlike Tutankamen's trinkets, are of any practical value 
to the scientific community today. Certainly they do reflect how he thought and interpreted his 
experiments and how his physical concepts led him to make the remarkable statements 
published subsequent to his Colorado Springs experiments. 

The fact that in addition to his Colorado Springs Diary, we also have the associated 
patent wrappers,  special  articles  and later recollections,  is  of great  importance.   Any 
interpretation or speculation made today about his experiments must not only be internally 
consistent with these documents, but must also cement them together. This we take as a first 
requirement of speculation. 
Additionally, as a second requirement, such conjecture must be made within the bounds 
of accepted and verifiable physical principles. Tesla was, apparently, experimenting with 
potentials in excess of 12 MV. Not unlike Columbus, he was sailing in uncharted seas. The 
possibility of "peculiar physics" notwithstanding, our efforts have been to attempt to discuss 
Tesla within the framework of modem electrical theory. Whether the experimental results of 
Tesla were, in fact near-field induction coupling, or perhaps Schumannn resonance excitation 
(as we believe) or some sort of magnetospheric stimulation, or even some peculiar presently 
yet unknown physical phenomenon—the fact remains, a significant portion of his apparatus 
was constructed  of wire,  capacitors,  spark gaps,  and tuned  circuits.   It  ought to  be 
comprehensible in its intent and physical operation. That he got high voltage RF from his 
circuits is clearly understandable. It follows from a straightforward network analysis. How he 
obtained the incredible ELF results which he subsequently claimed, however, is the chasm to 
be bridged.1 

1J. Corum also holds patents #4,622,558, #4,751,515 (ELF toroidal antennae) - Ed. note. 
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Issues to be Resolved 

Because of his repeated insistence on terrestrial extra low frequency resonances, it  does 
not seem unreasonable to hypothesize that Tesla's experiments were actually carried out at 
this end of the electromagnetic spectrum.   However, his indoor Colorado Springs apparatus 
clearly operated in the range of 30 KHz to 100 KHz, and the tower described in his diary was 
only 145 feet high. [1] With such an electrically short tower threw could be no radiation at 
ELF. But, on the other hand, if it was merely a waveguide or cavity resonator probe, one 
would expect its radiation resistance to be zero. The radiation resistance of a cavity resonator 
probe is zero because the resonator fields are purely relative. 

It has been observed the the photographs of the Colorado Springs Laboratory offer not 
clue as to how one might generate ELF energy. There is an even more fundamental issue to be 
resolved, however. The excitation of Schumann resonances by means of a vertical probe 
requires a considerable current moment.  The  question is, "Even if Tesla successfully 
generated ELF voltages how did he ever get significant ELF currents to flow on the vertical 
structure?" [ 2] One could not just connect an ELF source onto the base of a 45 meter tower -  
the feedpoint capacitive reactance would be so large that not current would flow.  Yet, Tesla 
maintained on several occasions that his "antenna" current was well in excess of 1000 
amperes! [By the way, there is a similar issure to be resolved for the reception of power. The 
Thevenin equivalent of a vertical receiving antenna may have a substantial ELF. However, 
the series capacitive reactance of vertical tower at ELF will preclude substantive power 
transfer in the sinusoidal steady state]. 

Lastly, we mention the curious inscription in Tesla's own handwriting along the side of 
a now famous photograph of the Colorado Springs Laboratory: 

"Experimental Station fully developed. Activity [power delivery] one hundred thousand 
horsepower" [3] 

How could he possibly deliver 74.6 megawatts? The 60 Hz power mains to the laboratory 
were operated at 1 kV, but his Westinghouse transformer was only rated at around 40 kVA. 

In the remainder of this article, we wish to speculate on how these issues could be 
resolved within the bounds of consistency with the historical documents mentioned above 
The reader will have to judge whether we have successfully met the second requirement - that 
of conjecture based on acceptable physics 

Tesla's Descriptions of His Oscillator 

Tesla described his electrical oscillator on many occasions and in many different places. 
It is clear that, as early as 1893, he was considering terrestrial responses: 

"If ever we can ascertain at what period the earth's change, when disturbed, oscillates... we 
shall know a fact possibly of the greatest importance to the welfare of the human race..I 
propose to search for the period by means of an electrical oscillator." [4] 

In the years between 1893 and 1900, he developed the coupled tuned transformer [or 
Tesla Coil], published the results of his extensive experiments with x-rays, contributed to the 
conceptual development of cosmic ray, patented a variety of circuit controllers [rotary spark 
gaps] and was sought out by members of the scientific and social communities, both of which 
he continued to dazzle with his latest electrical discoveries. These were the golden years of his 
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professional career, and they found a focal point in experiments at Colorado Springs. It is 
have, where he finally was able to assemble the apparatus which, he maintained to his dying 
day, permitted him to ascertain terrestrial natural resonant frequencies. 

In 1900, he disclosed that tins apparatus could be operated in a variety of configurations 
to perform many different types of desired functions: 

"Thus a transformer or induction coil on new principles was evolved, which I have 
called 'the electric oscillator'... the essential parts of which are shown in Fig. 6. For certain 
purposes a strong inductive effect is required; for others the greatest possible suddenness; for 
others again, an exceptionally high rated of vibration or extreme pressure; while for certain 
other objects  immense electrical movements are necessary... I have produced electrical 
movements occurring at the rate of one hundred thousand horsepower..." [5] 

By the way, the "essential parts" shown in the photograph referred to appear to be his 
Westinghouse transformer, a rotary break, a capacitor bank and a circular fence upon which 
the secondary was wound. 

Perhaps the most curious of all his descriptions of the terrestrial resonance oscillator was 
published in 1919: 

"It is a resonant transformer with a secondary in which the parts, charged to a high 
potential, are of considerable area and arranged in space along ideal enveloping surfaces of 
very large radii of curvature, and at proper distances from one another thereby insuring a 
small electric surface density everywhere so that not leak can occur even if the conductor is 
bar. It is suitable for any frequency from a few to many thousand of cycles per second, and 
can be used in the production of currents of tremendous volume and moderate pressure or of a 
smaller amperage and immense electromotive force. The maximum electric tension is merely 
dependent upon the curvature of the surfaces on which the charge elements are situated and 
the area of the latter. 

"Judging from my past experience, as much as 100,000,000 volts are perfectly practicable. 
On the other hand, currents  of many thousand of amperes  may be  obtained in the 
antenna...the Hertz-wave radiation is an entirely negligible quantity as compared with the 
whole energy... an enormous charge is stored in the elevated capacity. Such a circuit may then 
be excited with impulses of any kind, even of low frequency and it will yield sinusoidal and 
continuous oscillations like those of an alternator...it is a resonant transformer...accurately 
proportioned to fit the globe and its electrical constants and properties, by virtue of which 
design it becomes highly efficient and effective in wireless transmission of energy". [6] 

What we are to make of this? Based upon the available electrical output of his extra coil 
and the reports of spark lengths measured 100 meters away from the Colorado Springs 
Laboratory, we estimate that the charge stored in the elevated capacity was probably on the 
order of 20 millicoulombs. But how was this to be used to excite terrestrial resonances? The 
apparatus so furtively described in 1919 is probably a near relative of that for which he sought 
protection by a patent application in 1902, and which subsequently issued at the close of 1914. 
[7] 
Directed Energy Devices 

We believe that the evolution of these ideas continued to be a central activity of Tesla's 
later years. It is merely our opinion , but we find it difficult to accept the senility hypothesis 
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concerning his motivation to reach for the goals of these final years. It seems probable that the 
apparatus which so concerned his thoughts at this time, not only was a successive conceptual 
development of his prior oscillators, but any credible knowledge ginned about these later 
structures would probably throw light on the operation of the earlier experiment - no matter 
how improbable his final research might have been. We believe that Tesla's surprisingly 
detailed 1934 analysis of the Van Der Graaft's [then] new machine, published in Scientific 
American, lends support to the hypothesis that he was still technically alert and deeply 
engaged in high voltage research. [8]. Perhaps we are not being specific enough for the ready 
The apparatus which Tesla's final disclosures concerned has come to be known as the "Death 
Ray". Whether there be any actual merit to such contraptions, we leave for others to speculate 
upon. Our interest in Tesla's thoughts on "directed energy devices" rest upon the proposition 
that they might shed light upon his terrestrial resonance oscillator. In 1927, Tesla said: 

"More than twenty five years ago my efforts to transmit large amounts of power through 
the atmosphere resulted in the invention of a great promise, which has since been callled 
'Death Ray'... The underlying idea was to render the air conducting by suitable ionizing 
radiations and to convey high tension currents along the path of the rays. Experiments 
conducted on a large scale showed that with pressures of many millions of volts virtually 
unlimited quantities of energy can be projected to a small distance, as a few hundred feet..." 
[9] 

From a variety of published references, spanning the years from 1934-1940, we gather 
that Tesla envisioned a machine, which required the cooperative action of four separate 
entities. Again, our interest is not in the feasibility of such an apparatus, but rather in how he 
hgouth such a device was to work and what, if any, light it might shed on his terrestrial 
resonance oscillator experiments. The four elements specified by Tesla are as follows: 

1. "A Method and an Apparatus for producing rays and manifestations of energy in free air 
(eliminating the necessity of the usually required vacuum tubes)." 

2. "A Process and an Apparatus for producing very great electrical force (50 MV). This is 
necessary to power the first mechanism." 

3. "A method of intensifying and amplifying the  force  developed the by  second 
mechanism" 

4. "A new method for producing a tremendous repelling force." 

It is perhaps not unremarkable that these components are quite similar to the 
description provided by John G. Trump, when he examined Tesla's estate. He described the 
"Death Ray" as: 

"An electrostatic method of producing high voltage, capable of very great power... As a 
component of this apparatus there is an open end vacuum tube... A beam of high energy 
electrons is the... means by which energy is transmitted through natural media" [10] 

It should be parenthetically remarked that Tesla explicitly denied that his apparatus was 
a "Ray" as indicated below: 

"This invention of mine does not contemplate the use of any so called 'Death Ray.' Rays 
are not applicable because they cannot produce in requisite quantities and dimmish rapidly in 
intensity with distance... My apparatus projects particles.. ."[11] 
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We started out discussing electrical oscillators and now find ourselves confronted 
with 
"direct energy devices". Perhaps this is not surprising when we observe that Tesla's early x- 
my researches involved the use of his '"single electrode X-ray tube" attached to the top of a 
resonant Tesla coil. 

The Single Electrode X-Ray Tube 

Between March 11, 1896 and August 11, 1897, Tesla wrote at least 10 articles about his x- 
my experiments. There is an explanation for the development of a single electrode tube in the 
March 11, 1896 issue of Electrical Review.    Tesla saw that in order to attain the most 
intensive effects, one should use the greatest voltages available. 

"Clearly, if we put two electrodes in a bulb, or use on inside and another outside electrode, 
we limit the potential... Thus, to secure the result aimed at, one is driven to the acceptance of 
a single electrode bulb, the other terminal being as far remote as possible". [ 12] 

Tesla later hinted at the manner in which the tube was excited: "...in 1896,1 brought out a 
new form of vacuum tube capable of being charged to any desired potential and operated it 
with effective pressures of 4,000,000 volts [13] 

And in a 1913 newspaper interview, Tesla said: 
"As far back as 1897, I disclosed before the New York Academy of Sciences the discovery 

that Roentgen, or x-rays projected from certain bulbs have the property of strongly charging 
an electrical condenser at a distance. The energy so accumulated readily can be discharged." 
[14] 

We know today, of course, that x-rays are high energy photons and have neither rest mass 
nor charge. The question before us, however, is "How might these single electrode tubes 
produce x-rays?" 
In a standard x-ray tube of the Coolidge type, a hearted filament provides electrons 
which are then accelerated and strike an anode target. If an AC supply is employed, x-ray 
emission occurs only during the positive half cycle. However, Tesla's tube had only one 
electrode. We hypothesize that the tube's operation probably depended upon the quantum 
mechanical phenomenon of High Field Emission.  One might suppose that during half of the 
RF high voltage cycle field emission could possibly occur into the region of high vacuum 
elongated bulb, and on the positive half cycle the cloud of electrons might be swept back into 
the "plain polished surface on the front side of a hemispherical aluminum electrode" with an 
ensuing emission of hard x-rays. This is only a hypothesis and certainly its acceptability needs 
to be closely examined. 

There is evidence that, during the course of his New York city experiments, Tesla took 
to surrounding these tubes with an insulated shield in order to reduce corona losses. He called 
this "static screening". The configuration is quite similar to that discussed in the Colorado 
Springs notes on June 6, 1899: 

"Arrangements with single terminal tube for production of powerful rays. There being 
practically no limit to the power of an oscillator, it is now the problem to work out a tube so 
that it can stand any desired pressure... The best results will probably be obtained in the end 
by static screening of the vulnerable parts of the tube. This idea was experimented on in a 
number of ways... In each case there would be an insulated body of capacity so arranged that 
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streamers cannot manifest themselves. The capacity would be such as to bring about 
maximum rise of e.m.f. on the free terminal" [15] 

The associated figure shown in the diary entrance indicates a [square!] container with the 
comments: 
"Metallic Enclosure but insulated so that observers can step inside" [ 15] 
Little more can be inferred from the diary about x-ray experiments until November 23, 
1899. Finally, on January 2, 1900, Tesla states, 
"...my conviction is growing stronger every day that, with apparatus such as the present, 
wonderful results must be secured provided only that a tube is constructed capable of taking 
up any amount of energy... Many tubes have been worked here from the secondary." [16] 
In a later interview, Tesla said concerning the Colorado Springs experiments: 
" At the time of those test, I succeeded in producing the most powerful x-rays ever seen. I 
could stand at a distance of 100 feet from the x-ray apparatus and see the bones of the hand 
clearly with the aid of a fluoroscope screen... I now have apparatus designed whereby this 
tremendous energy of hundred of kilowatts can be successfully transformed into x-rays."[ 17] 

What he was doing with these x-rays? In light of the comments by Tesla regarding charge 
transfer by x-rays, it does not seem unreasonable to hypothesize that a small aperture in the 
conducting enclosure would permit the emission of x-rays to the exterior region, causing x-ray 
photoionization of the atmosphere near the enclosure, these ions providing a short conducting 
discharge path for the charged "insulated body of capacity". It is clear from Reference 13, that 
Tesla was observing "coronal discharges" exterior to his single electrode tubes. This process 
could clearly be employed to instantaneously lower the disruptive potential of an isolated 
spherical capacitor, and to initiate a discharge into the air of to a nearby isolated electrode at a 
lower potential than the given sphere. Perhaps it is not surprising that this process has been of 
recent interest in x-ray and IJV laser triggered switching of high voltages. The latter being 
particularly interesting because capacitances charged into the megovolt range can be triggered 
with nano second switching delays and with subnanosecond jitter. 

On January 4, 1900, Tesla experimented with a ball on the top of the extra coil, "... very 
brilliant and thick sparks passing from the ball to the hood above". Tesla continued that the 
discharge was "highly sensitive" to, among other things, "Roentgen rays" [another name for 
x-rays]. Is it possible that Tesla was employing x-rays as a switching mechanism to statically 
charge his tower? The tower appears to be an "elevated insulated body of capacity". This, we 
hypothesize, is the x-ray charging mechanism which Tesla sought to protect in his two U.S. 
patents disclosures No. 685,957 and No. 685,958. 

The X-Ray Patents 

In March of 1901, Tesla filed two patent applications concerning x-ray devices. One was 
for a "Method" and one was for an "Apparatus" for the "Utilization of Radiant Energy". They 
describe in considerable detail a remarkable technique for switching high voltages and for 
charging and discharging and "elevated insulated body of capacitance". 

Consider, for example, an isolated sphere. Such a body may be charged to a certain 
electrical potential with respect to a zero potential reference, taken as infinitely distant. In 
such a system the spherical conductor may be charged to a certain potential before the electric 
field intensity gives rise to a force great enough for the surrounding air to break down and 
"disruptively" discharge the sphere. Tesla found by experiment that the disruptive potential, in 
volts, for a sphere at sea level could be approximately calculated as 7,540,000 R, where R is 
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radius of the sphere in meters. Tesla, in fact, reported that he kept a variety of spheres around 
to use both us capacitors and in order to estimate the voltages used in his experiments. 

A practical form of high voltage capacitor may be constructed by elevating an insulated 
spherical  conductor above  the  surface  of the  earth.   It  is  an elementary problem  in 
electromagnetics to calculate the field and capacitance of such a charged system. In this 
configuration the "capacitor" effectively has "true ground" as one terminal and the conducting 
spherical ball itself forms the second "armature" or terminal of the distributed capacitor. This 
form of capacitor may be charged up by bodily conveying charge of one sign to the elevated 
sphere. Alternatively, it may be discharged simply by bringing the grounded conductor close 
enough to the sphere for arcing to occur. 

Bearing this in mind, Tesla's x-ray patents take on a meaningful interpretation: 

"It is well known that certain radiations such as...Roentgen rays... possess the property 
of... discharging conductors...  They ionize or render conducting the atmosphere through 
which they are propagated... they may at any rate discharge an electrified conductor... by 
carrying off bodily its charge... When rays of the above kind are permitted to fall upon an 
insulated conducted body connected to one of the terminals of a condenser... a current flows 
into the condenser... an indefinite accumulation of electrical energy in the condenser takes 
place. This energy after a suitable time interval, during which the rays are allowed to act, may 
manifest itself in a powerful discharge ...taking every possible precaution in insulating the 
armatures, so that the instrument may withstand great electrical pressure without leaking and 
may leave  no  perceptible  electrification when  discharging  instantaneously... the  above 
precautions should b more rigously observed the slower the rate of charging and the smaller 
the time interval during which the energy is allowed to accumulate in the condenser... A 
simplc way of supplying...electricity is to connect...to an insulated conductor supported at 
some height in the atmosphere...I usually connect the second   terminal of the condenser to 
ground... .in order to utilize... the energy accumulated in the condenser, I furthermore connect 
on the terminals of the same... another instrument or device for alternately closing and opening 
the circuit... if the device ... be of such character that it will operate to close the circuit... when 
the potential in the condenser has reached a certain magnitude, the accumulated charge will 
pass through the circuit... The controller may consist of two fixed electrodes separated by a 

minute air gap...which breaks down more or less suddenly when a definite difference of 
potential is reached at the terminals of the condenser and returns to its original state upon the 
passage of discharge". [18] 

Tesla then describes the manner of excitation of his single electrode x-ray tube: 

"... the source of radiant energy is a special form of Roentgen tube divised by me, having 
but one terminal K, generally of aluminum, in the form of a half sphere, with a plain polished 
Mirface on the front side from which the streams are thrown off. It may be excited by attaching 
it to one of the terminals of any generator of sufficiently high electromotive force." [18] 

Tesla continues, describing the operation of the apparatus: 

"The... discharge circuit connected to the terminals...of the condenser includes in this 
c a s e . . . a  circuit controller comprising a fixed terminal or break... and a movable terminal
__________________________________________________________________ in 

the shape of a wheel, with a conducting and insulating segments, which may be rotated at an 
arbitrary speed by any suitable means.... When the tube ...is excited...streams of matter 

... convey a positive charge to... the condenser terminal...This results as before explained in 
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an accumulation of electrical energy in the condenser, which goes on as long as the circuit is 
opened. Whenever the circuit is closed owing to the rotation of the wheel the stored energy is 
discharged... The source may be any form of Roentgen or Lenard lube but it is obvious from 
the theory of action that in order to be very effective the electrical impulses exciting it should 
be wholly or at least preponderantly of one sign. If ordinary symmetrical alternating currents 
are employed, provision should be made for allowing the easy to fall upon the condesed 
plate only during those periods when they are productive of the desired result." [18] 

What we make of this is that Tesla is describing a technique to take the high voltage RF 
output of the secondary and use it to chare up an "elevated insulated body of capacitance" - 
essence, an open air switch or diode rectifier. After charging the capacitor, at RF rates, be 
subsequently discharges the capacitor, at relatively low pulse repetition frequencies (PRF's) 
for example at perhaps 6 or 8 discharges per second — or any other that he might desire. The 
companion patent is also interesting. [19] 

It is also somewhat revealing that Tesla said in his Van de Graaf article in 1934 that: 
"My wireless tower on Long Island erected in 1902, carried a sphere which had a diameter 

of 67.5 feet... It was to be charged to 30,000,000 volts by a simple device supplying static 
electricity and power" [8] 

After analyzing the Van de Graaf machine he concedes that it produces large static voltages 
but concludes that its power performance is trifling - the rate of charge delivery to spherical 
electrode being on the order of a few tens of milliamperes. 

"As far back as 1899, I made experiments with 18,000,000 volts and in some tests I was 
able to pass a current of 1100 amperes through the air. With my transformers a potential 
difference of 30,000,00 volts or more, could easily be obtained and in the present state of the 
technical arts a tube or other device capable of taking up very great energy might be 
manufactured". [8] 

By the way, diary schematic diagrams notwithstanding, it is evident that neither the 
elevated tower at Colorado Springs nor the 67.5 food diameter sphere on the tower at 
Wardenclyffe were electrically connected to the extra coil when in operation.   This is also 
borne our by the Long Island notes of May 29, 1901 where Tesla shows an elevated insulated 
body of capacitance being charged through space from a ball on the top of an extra coil. The 
spacing between these elements is shown to be a controllable distance- perhaps this was the 
purpose for the stream elevated shaft at the center of the Wardenclyffe tower. The geometry is 
not unlike that shown in Figure 5 of Reference 20. It is well known that drawn out electrical 
discharges will affect rectification much as point to plane discharge. However, the process is 
usually considered too inefficient. 

An ELF Generator 

Whatever the rectification mechanism might have been one might hypothesize an ELF 
generator which employs the charging mechanism just discussed. Such a charging technique 
could have been used to electrostatically charge the tower with "small" pulses of charge 
occurring on the positive half cycles of the RF coil oscillations. This would build up the static 
charge of the tower at some large Q at a very high DC voltage. When discussing the upper 
hood configuration on Nov. 28, 1899, Tesla said: 

"This arrangement permitted the charging of the pole easily up to a million volts." [21] 
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If Tesla were to discharge the condenser at a much slower frequency, the discharge 
current could be extremely large, being limited only by his ground bed resistance. This 
hypothesis is consistent with a public statement made by Tesla in 1934 in Scientific American: 

"... Under proper conditions, it is possible to discharge spheres in a time interval 
incomparably shorter than consumed in charging them, and so amplify enormously the 
intensity of action." [8] 

This is to say, the rate of flow of energy during the charging cycle might be at 75 kilojoules 
per second over 1 sec... but the rate of flow of energy during the discharge cycle could be at a 
rate of 75 Megajoules per second over a time interval of 1 millisecond. In both cases, the 
average power is 75 kW but the peak power during the discharge activity would be about 
100,000 
HP.  

As early as 1893, in the Franklin Institute lecture, Tesla described an electrostatic pulse 
generator which was repetitively charged with a small amount of energy per charge, at a high 
pusle repetition rate, and then rapidly discharged but at a low pulse repetition rate. 

This would make possible extremely large peak powers on the discharge cycle. In his 
speech, Tesla is describing the situation where a large condenser has been charged up to its 
disruptive potential by a small machine supplying static charge: 

"When the condensers are charged to a certain potential, air gives way and a disruptive 
discharge occurs. There is then a sudden rush of current and generally a large portion of 
accumulated electrical energy spends itself. The condensers are thereupon quickly charged 
and the same process is repeated in rapid succession...It is evident that if the rate at which the 
energy is dissipated by the discharge, is very much greater than the rate of supply to the 
condensers, the sudden rushes will be comparatively few, with long time intervals between, 
This always occurs when a condenser of considerable capacity is charged by means of a 
comparatively small machine." [22] 

Several paragraphs later, Tesla continues the description with a hydromechanical 
osccillator analogy: 

"...Imagine a tank with a wide opening at the bottom, which is kept closed by spring 
pressure, but so that it snaps off suddenly when the liquid in the tank has reached a certain 
height. Let the fluid be supplied to the tank by means of a pipe feeding at a certain rate. When 
the critical height of the liquid is reached, the spring gives way and the bottoms of the tank 
drops out. Instantly the liquid falls through the wide opening and the spring, reasserting itself, 
closes the bottom again. The tank is now filled and after a certain time interval, the same 
process is repeated." [23] 

Thus it appears that Tesla had conceived of a technique for obtaining large discharge 
currents with controlled pulse repetition frequencies. The vertical discharge current would 
produce a vertical current of moment I*dl. This signal, we hypothesize could be controlled at 
an appropriate pulse repetition frequency for Schumann Cavity excitation. The controller, as 
described in Tesla's patents quoted above could either be "operated by a given rise of 
potential in the condenser." (Effectively an ELF relaxation oscillator) or "by rotation of the 
wheel" (break device). 
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In spite of the fact thatour hypothetical ELF generator has some merit for satisfying the 
internal consistency hypothesis which we stated earlier as a ground rule, i t s  acceptability must 
be measured against the second requirement of sound physics Tesla said that he got over 1000 
amperes in his "antenna." Schumann's solution is in the sinusoidal steady state and even 1000 
amperes in a 45-meter tower would seem to make possible relatively weak global field 
strengths. We have taken up this issue in another research document. 

(Interestingly, however, if one looks at this hypothetical ELF generator as a 
fundamental form of the "switched capacitor" devices now of such great interest, the switched 
charged dQ = C dV. Over a period which is much larger than the switching period Ts the 
charge may be assumed to be quasi-continuous so that an equivalent current flow is equal to 
dQ divided by Ts . The equivalent resistor is Ts divided by C. [24] The application of the 
theory, however requires careful attention in Tesla's case if damped waves are assumed at the 
RF output of the extra coil.) 

We observe that if our hypothesis is correct, then it is not remarkable that Tesla would 
have said: 

"such a circuit may then be excited with impulses of any kind, even low frequency and it 
(the magnifying transmitter) will yield sinusoidal and continuous oscillations like those of any 
alternator." [6] 

If our conjecture has any substance in fact, then the tuned circuit of his magnifying 
transmitter was the whole earth-ionoshpere cavity resonator] (This should help the reader 
appreciate why source dissipation will be experienced only when a load is engaged in a tuned 
receiver somewhere within the earth-ionosphere cavity. - Ed. note) 

Corona Effects 

There is one other observation to make about his "Magnifying Transmitter" and that is that 
its upper regions were engulfed in a coronal glow. In Colorado Springs and at Wardenclyffe 
he employed hoods to reduce corona. At Wardenclyffe, he had apparently planned to employ 
inverted hemispherical bowls to cover the spherical ball. In 1921, he said that "the underlying 
principle" and the "practical significance" of his 1914 patent #1,119,732 [7] was a technique 
"for confining the highest tensive flow to the conductors." He stated that the idea was to 
construct a conductor: 

"... so that its outer surface has itself a large radius of curvature, or is composed of separate 
parts, which, irrespective of their own curvature, are arranged in proximity to one another and 
on an ideal enveloping symmetrical surface of large radius. These parts my be in the shape of 
shells, hoods, discs, cylinders or strands... [25] 

We take it that the role of all the hemispherical shells in the 1914 patent was perhaps to 
physically bring about a more uniform distribution of charge over the sphere than could have 
been gotten with a lower portion missing because of the supports. If this be so, then they 
apparently would function in a distributed manner much like resistive dividers in a power 
supply capacitor chain, more or less causing a uniform charge distribution over the effective 
area of the sphere, and raising its disruptive potential to a maximum possible value. This 
would mean that a given size ball on a support could be charged to a greater maximum 
voltage. 
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Speaking of corona, we should also point out another curious feature of the Colorado 
Springs experiments. 

From the patent wrappers associated with U.S. patent # 645,576, it is apparent that 
Tesla included a remarkable description of a rather extensive corona sphere surrounding his 
"elevated and insulated" antenna terminal, sometime before November 25, 1899. [26] 

"... a conductor or terminal, to which impulses such as those here considered are 
supplied, but which is otherwise insulated in space and is remote from any conducting bodies, 
is surrounded by a luminous, flamelike brush or discharge, often covering many hundreds of 
even as much as several thousands of square feet of surface... This influence is not confined to 
that portion of the atmosphere which is discernable by the eye as luminous and which, as has 
been the case in  some instances actually observed, may fill the space within a spherical of 
cylindrical envelope of a diameter of sixty feet or more but reaches out to far remote regions, 
the  insulated qualities of the air being, as I have ascertained, still sensibly impaired at a 
distance of many hundred times that through which the luminous discharge projects from the 
terminal and in all probability, much further... I have noticed that his region of decidedly 
noticeable influence continuously enlarges as times goes on...  in some instances the area 
covered  by  the   flame-discharge  mentioned,  was  enlarged  more  than  six-fold  by   an 
augmentation of the electrical pressure amounting scarcely to more than 50%" [27] 

Tesla apparently observed a corona sphere in excess of sixty feet in diameter. The space 
charge distribution apparently was due to the extremely high static or DC voltage on the 
elevated electrode. We conjecture that both its mode of production and its use were as 
outlined above. 

The Tesla Tower 

During the mid 1930's Tesla's work on a defense weapon apparently went so far as to be 
actually considered for construction. From file at the Tesla museum, it is apparent that Tesla 
had several "artist conceptions" made of a building with a tower in the form of a cylinder 16.5 
feet in diameter, 115 feet tall. The structure was capped at the top by a 10-meter diameter 
sphere (covered with hemispherical shells as in the 1914 patent). The sketches were prepared 
by on Titus de Bobula of New York City. There is also correspondence with Alcoa Aluminum 
Company  between July 29 to September 24, 1935, concerning fabrication, the last letter in 
essence saying that Alcoa was ready to start as soon as Tesla advanced the funds. 

Whether the project would have been another disaster or not, we have no ideas. Since 
we have already gone this far out on a limb of speculation, permit us to conjecture what Tesla 
might have had in mind. We listed four components that Tesla maintained were essential. 
With the first, one might associate the Method (Patent #685,958) and Apparatus (Patent 
#685,957) for producing x-rays and providing rectification. With the second, one might 
associate the Process (#649,621) for producing high voltage RF - i.e. the Tesla Coil patents. 
Certainly Tesla powered his x-ray tubes from the top of Tesla Coils. 

These four components are mentioned in at least four references during 1934 - at time 
when he was thinking and writing about the Van de Graaf machine. Perhaps it is not 
suprising to find the same language as appears above in component three also appearing in 
reference 8: 
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"...under proper  conditions,   it  is  possible   to discharge spheres in a time interval 
incomparably shorter than consumed in charging them and so amplify enormously the 
intensity of the action. [8] 

Certainly as pointed out above, this would be consistent with the second item. 
To guess what the fourth component is would be shooting in the dark. However, let us 

go even further out on the limb and suggest that Tesla was perhaps employing a technique to 
rapidly lower the disruptive potential of a statically charged elected electrode. As is evidenced 
by the diary entrance of June 6, 1899, Tesla had already experimented along these lines. For 
example, suppose that one had a charged, insulated spherical shell in static equilibrium, and 
then rapidly punctured the shell with a very slender highly conductive track or path. (Or 
equivalently introduced, a charge of like sign immediately external to the sphere).     The 
question to be answered is "Would a 32-foot diameter sphere charged to 50 MV produce 
sufficient repelling force for the contemplated weapon?." This question can probably be 
answered but, we have not yet performed the calculation. The answer might be no. 

Final Comments 

We have gone well beyond the bounds of propriety in our speculations. However, we 
believe that considerable light may have been thrown upon the intent and operation of Tesla's 
terrestrial resonance oscillator. If we have been able to provoke the reader to probe more 
deeply into Tesla's research, then we feel that we have attained some degree of success. 

Lastly, no matter what the results or scientific merit of our research, whether every 
speculation be false or perfectly true, we all must never lose touch with the central fact that 
Tesla was a man whose creative intellect was set free to soar. 

Truly, he touched the Holy Fire - and the world community is better off because of this 
good and decent and noble gentleman, whom we honor at this Tesla Centennial Symposium. 
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14  Harnessing Earth-Ionosphere Cavity 
Energy for Wireless Transmission 

Elizabeth Rauscher and William Van Bise 
Reprinted from Tesla: A Journal of Modern Science, 1997 

Fundamental Excitatory Modes of the Earth and Earth-Ionosphere Resonant Cavity 

Some of the principles of geologic precursor and meteorologic frequencies in the 
extremely low frequency (ELF) range of the electromagnetic spectrum and the 
possible relationship to the occurrence of earthquakes and volcanoes are explored. 
Monitoring of electromagnetic waves and magnetic fields has indicated the presence 
of characteristic natural and unique ELF frequencies which precede seismic events. 
We have gathered extensive ELF magnetic field data from 1979 to the present time 
in many locations on the North American continent before the eruptions of Mt. St. 
Helens. The pre-eruptive and eruptive phases of Mt. St. Helens in the state of 
Washington were observed and analyzed in detail. Our system was on-line in the 
Portland, Oregon area, 40 miles south west of Mt. St. Helens, from 1979 through 
1983 and on line in the San Francisco Bay Area from 1984 to the present. 
Field measurements have augmented the permanent station data. The detection 
system utilizes a 150,000 foot antenna wound on a coil form adjacent to a very high 
permeability mu metal and the signal is passed into unique electronic processing 
elements which amplify and smooth the signal for flat response and permit readout 
and analysis in the time and frequency domains. The coil is electrically shielded so 
that pure magnetic field intensities are observed. The long-axis coil-core system 
allows directivity as well as high sensitivity. These are the main elements in the 
T-1050 detection system. 
We have observed that characteristic ELF magnetic field oscillations with Earth 
rotational periods from 1.2 to 1.8 Hz, determined theoretically and subsequently 
measured at around 1.56 Hz with first harmonics of 2.9 to 3.8 Hz appearing in the 
Americas which grow greater in amplitude and then disappear from 24 to 72 hours 
preceding a geologic event. The amplitude of these oscillations is roughly propor- 
tional to the distance from measurement to event site and event magnitude. 
Multi-station detection could forecast locations, time and magnitude of impending 
events. 
We also present some of our theoretical calculations related to the description of 
coherent collective modes of oscillation in the earth and earth-ionosphere resonance 
media. We will also examine some of our work in relation to Tesla's wireless 
energy transmission concepts of harnessing earth-ionospheric cavity energy. 

Introduction 
Extensive monitoring in areas of the Pacific Northwest during the period of time 
from early 1979 through late 1983 was conducted by Van Bise. The measured 
signals showed significant correlation between the volcanic activity of Mt. St. Helens 
and a range of frequencies between 0.1 and 30 Hz, with the frequency of 
approximately 3 Hz corresponding to, presumably, magmatic pulsations which 
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preceeded eruptive events. Researchers at Portland State University examined the 
volcanic ash after the May 18, 1980 eruption and found the ash contained 30% of a 
material similar to magnetite. In the state of Washington on Sunday morning, 8:32 
AM, Pacific Daylight time, May 18, 1980, Mt. St. Helens erupted in a cloud of fire, 
ash, steam and particulate matter that launched a half a cubic mile of this matter 
laterally and one quarter of a cubic mile of the volcano's mass was ejected vertically, 
to a height of 10 miles. When this event was complete, 1,000 feet of the mountain 
had disappeared and 60 people were dead. Future deployment of detection 
equipment such as is described here could prevent such a loss of life. [1,2,3] 
Since then Rauscher and Van Bise have monitored ambient field impulses in 
California and many other areas of the United States and Canada. The data show a 
significant correlation with specific signatures which preceded earthquakes and 
volcanic eruptions. The pattern of signatures always ceased some 24 to 72 hours 
before such an event occurred. 
Equipment used consisted of a calibrated T-1050-L-H magnetic field detector with a 
lower frequency range from 0.01 Hz to 300 Hz and a sensitivity factor of 10-10 gauss 
(Low pass system) and a higher frequency range from 1.0 Hz to 50 KHz at 10-6 
gauss sensitivity (High pass System) was developed and employed at Tecnic 
Research Laboratories. The detector specifications are given in more detail later in 
this paper. Other equipment included a custom designed electrostatic voltmeter, a 
field intensity meter and two spectrum analyzers. [4,5,6] 
The natural planetary impulses and vibrations preceding geologic events suggest that 
work with multi-station detection can lead to the successful development of an 
earthquake-volcanic eruption early warning system. We use our magnetic field 
detector to measure magnetic field changes, some of which reflect oscillatory modes 
of the earth. These modes of oscillation can be detected as seismic magnetic and 
electromagnetic pulsations of the earth and earth's surface which move in the earth's 
normal static magnetic field and the Earth's ionosphere resonance cavity. Move- 
ment of magmatic material with ferromagnetic (magnetite) inclusions and corre- 
sponding ionospheric changes in turn affect and produce flux fields which affect the 
entire earth ionospheric processes. [5,7] 
In this report, the authors present experimental field data and their analysis and 
theoretical models demonstrating possible mechanisms of the dynamic earth process- 
es. We also examine the relationship between the results of these data and Tesla's 
wireless energy transmission concepts. 
The ground wave and the ionospheric wave are set up in such a manner as to produce 
the predicted 1.57 ratio to the velocity of light which was stated by Tesla in one of 
his 1905 patents. [8] In his model, Tesla treated the earth as a finite capacitive 
reactive component surrounded by an ion shell of variable altitude, beginning at 
about 50 km in height, which represents a system whereby a resonant ringing signal 
can be set up and transmitted. Although the system represents a leaky capacitor 
with a Q of about 4 to 5, it is possible to set up a resonant state so that it appears as 
though a signal is transmitted and received from any two points on the earth's 
surface. In actuality, according to the Rauscher-Van Bise model, the signal is not 
"transmitted and received," but represents a non-local global coherent state. Any 
event which can "wiggle" the static earth-ionospheric magnetic flux is transmitted as 
both a local and non-local influence. 
In 1966, Rauscher determined the relationship expressed by Tesla in the 
Colorado Springs Notes in which he utilizes the dimensions in centimeters to 
represent the units of inductance, "L" in henries and capacitance, "C" in farads. This 
conversion factor system has been found to be crucial in understanding the principles 
involved in Tesla's Colorado Springs experiments. The purpose of the experiments 
and why, to this day, they have never been successfully completed is given. Also 
explained in detail is the interpretation of Tesla's work and the operation of his 
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wireless energy device. Rauschcr presents the mathematical principles germane to 
producing ball lightening from a fully ionized resonant stable plasma. [9] This 
research is summarized in this report and is detailed more completely in other 
papers. [9,10,11,12] 
Tesla's Colorado Springs experiments are examples of a class of coherent state 

experiments and other experimental examples are discussed.   Although much of 
Tesla's notes and data were lost, "confiscated" or presented briefly and in a cryptic 

manner, enough information exists to reconstruct some of Tesla's principles and his 
planned experiments so that we can describe the unfinished phase of Tesla's work. 
[13]   The Tesla materials relevant to this presentation is from the time period of 
about 1897 to 1910. 

Tesla's Vision 
In 1905, Tesla described the earth as a finite small capacitance with regard to 
frequencies in the VLF region, and a resonant LRC system to ELF frequencies. He 
had hoped to utilize the VLF and ELF frequencies in concert simultaneously to 
provide a very large conduit through which nature's vast reservoir of electrical forces 
could be routed for the benefit of mankind. Tesla observed that nature's electrical 
system is activated by lightening storms or through other meteorologic and geologic 
activity. The type of system originally designed by Tesla could have acted as a 
"great energy siphon" by exciting the ionosphere and intervening media and then, by 
tapping into the flow of this immense reservoir of energy and tunneling it down to 
earth stations, mankind would today have all the "clean" energy necessary with 
which to put his machines to work. Tesla's visions, confirmed by his experiments at 
Colorado Springs in 1899 and by his life-long extraordinary ability in constructing 
electrical and mechanical devices, led him to develop ideas and concepts for his 
wireless energy transmission which he described in his patents and papers. In his 
words, 

Now that I have discovered that, not withstanding its vast dimensions and 
contrary to all observations heretofore made, the terrestrial globe may be in a 
targe part or as a whole behave(s) toward disturbances impressed upon it ]n 
the same manner as a conductor of limited size; this fact being demonstrated by 
novel phenomena which I shall hereinafter describe. [8] 

With the formulation in this patent, Tesla treated the earth as a finite capacitor and as 
an element of a circuit. Through the legalities of patent law, Tesla had patented the 
earth! Use of his device to harness the energy of the earth was not to be, however, 
and we may be poorer for this undeployed natural resource. He had exclusive rights 
to the planet-ionospheric energy for 17 years and we, the people, re-own it by now as 
it is in the public domain. One wonders what our world would have been like had 
Tesla's vision come true and his "magnifying" transmitter had been deployed. 
Tesla had developed the techniques and conducted experiments on the transmission 
of information through space before the turn of the century. Tesla, not Marconi, 
was the first to invent the radio and after his death in 1943 and after a review of the 
claims and dates given by Tesla relating to the invention of wireless communica- 
tions, the Patent Office conceded that Tesla had indeed preceded Marconi and was 
actually the inventor of what we now call radio and television communications. 
Little serious research has been conducted on his effort to develop a wireless energy 
transmission grid or to examine the relationship between his work at Colorado 
Springs and Wardenclyffe,  New York. Tesla 's  research from his 
Colorado Springs Notes and his work in the design and construction of the tower at 
Wardenclyffe are examined in relation to our current research. [14] We present our 
interpretation of these experiments and some of our data on measurements of earth 
resonant phenomena taken over the last eleven years. 
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Both authors have been interested in Tesla's research and related work since our 
early teens. It is interesting, in looking back over one's life, how various pieces of 
different puzzles began falling into place. [15] Our ideas and research on earth 
resonant phenomena and some possibilities for wireless energy transmission, both 
natural and man-made appear to complement those of Tesla. 
We suggest that a system which involves a pulsed AC system in a high DC potential 
can create a "steady state."   In Tesla's words in 1934 

Most people, and not a few electricians, will think that very long and noisy 
sparks are indicative of great energy, which is far from being the case. 

In fact, at Colorado Springs, Tesla ran an AC system and raised and rotated a 
capacitor ball on a swivel utilizing the natural DC potential charge and discharge 
characteristics of the earth. 
The Colorado air sustains a high potential before breakdown. The purpose of 
Tesla's experiments were to build up a voltage to achieve resonance; the necessary 
voltage was often not attainable from the local AC power generators since over 
voltage breakdown would occur before the necessary potential could be achieved. 
Needless to say, the problems created at the local power station by Tesla's 
experiments did not endear him to the power company or the people living in the 
area—even though he invented the power system! 
Tesla carried on extensive correspondence with his laboratory workers in New York 
as his work progressed at Colorado Springs. His plan was to use the Colorado 
Springs laboratory as a resonance generating station and use the system to be built in 
New York as an amplifier and receiver. Work commenced at Wardenclyffe in 1901 
at Shoreham, Long Island. Work on this project was never completed due to lack of 
funding.   In Tesla's words, 

My wireless tower on Long Island carried a sphere which had a diameter of 67 
1/2 feet and was mounted in this manner. It was charged to 30,000,000 volts 
by a simple device for supplying static electricity and power. 

The key concepts are that it was a static, high voltage device. Later he compared it 
to a Van de Graaff generator. He also explained the purpose of Wardenclyffe to be 
that "one does not need to be an expert to understand that a device of this kind is not 
a producer of electricity like a dynamo, but merely a receiver or collector with 
amplifying qualities." 
We have calculated the proper spacing to produce and receive a signal resonant with 
the earth. The location of Colorado Springs and the Wardenclyffe tower are in the 
proper relationship to produce earth-ionosphere resonant waves to achieve Tesla's 
desired results for worldwide communications and an enormous energy system. 
Again in Tesla's words, this system would "not only (make possible) the instanta- 
neous and precise wireless transmission of any kind of signals, messages or 
characters, to all parts of the world, but also allow the inter-connection of the system, 
telegraph, telephone, and other signal stations, without any change in their present 
equipment." Again, his stated purpose was to free the human race from forced labor 
and to create a time when "rich and poor no longer meant differences of materials 
conditions but of spiritual capacity and ambition-a time when inter-communication 
all over the earth should be immediate and universal and even when knowledge 
should be derived from sources now hardly imagined." 
Rauscher and Van Bise formulate a simple model involving a resonant system which 
sets up a ground and air wave that would be simultaneously emitted and would add 
by resonant reinforcement. In the following and necessarily incomplete analysis we 
consider two interactive waves of similar but different frequencies. The analysis 
proceeds as follows. 

236 



 

237 



problem of the intervening short periods of time and address the local perturbations 
as observed and measured by relatively crude instruments within these perturbations 
A satisfactory solution which resolves theory, observation and experiment in a 
self-consistent manner does not yet exist in the literature [ 17|. 
We therefore present the following simple calculations based on archeological time 
and a dynamically equilibrized earth-ionosphere system. The numbers given yield a 
rough approximation of the potential energy available but the figures are probably 
conservative since we have not taken into account the well known electrojet-Hall 
current contributions to the total energy. 
We also have not taken into account the Peltier and Seebeck effects, the former 
occurring at the leading and the latter occurring at the trailing edges respectively, of 
the earth-ionosphere interface. Thermal energy from the SUN meeting the cold 
junction of the leading edge of the ionosphere would generate a potential difference 
and dynamic current as a Seebeck effect. Conversely, the trailing edge Seebeck 
voltage would be affected by the Peltier junction thermodynamic difference as they 
trail off into the night-side cold. The night-side hemisphere magnetospheric flux 
line excitations from the sunlit hemisphere ionosphere-magnetosphere-earth excita- 
tion would facilitate transfer of power at the night-side. These effects would give 
rise to significant local and non-local ionic current flows. An earth-ionospheric 
interface transverse Hall voltage would be a natural result of the Peltier-Seebeck 
effect generating earth-ionospheric circulating currents, and these factors are also left 
out of our potential energy calculations. Nevertheless, the amount of potential 
energy available within the earth-ionospheric system, if it could be harnessed, is 
surprisingly large. 
The frequency differential between the North American power grid and the 
European/Asian power grid may also produce unique effects. The 60 and 50 Hertz 
differential produces a 10 Hz sum and difference frequency ( 2 x 60 = 120 - 50 = 70 
Hz near the Navy project ELF Center frequency). [18] 
A great deal of power is being transmitted or pumped into the atmosphere from 
power line losses as I2R drop is emitted into the earth-ionosphere cavity, which acts 
as a leaky but extremely large capacitance. The earth-ionosphere represents two 
plates of a moving variable capacitor of roughly 24,000 by 24,000 miles area 
separated by an approximately average distance of some 108 miles. 
A simple calculation based on the half sphere of the sunlit hemisphere of the earth 
shows that the capacitance of the hemisphere from the ground plate up to the D 
region "plate" of the ionosphere where the peak electron density exists to 65 km 
(about 108 miles) is approximately 7,568 microfarads. 
From the formula C = (22.45 KA(N-1))/108t) where C is in microfarads, K is the 
dielectric constant of free space with a value of 1, A is the area of one plate in square 
inches, N is the number of plates and t is the thickness of the dielectric in inches. 
Using an average value of 100 volts per meter increases in the vertical field at the 
earth's surface up to 65 kilometers, we have 6.5 x 106 volts per unit meter. Twelve 
thousand miles is 14,400 meters, and for 14,400 meters squared the available 
potential is about 1.35 x 1015 volts. 
Applying Ohm's law for power, we have P = E2/R, where E2 is the electric potential 
in volts for 14,400 meters squared and R is the free space impedance in ohms and 
since R is about 377 ohm, we see that 3.575 x 1012 watts potential is available if it is 
possible to produce a dynamic resonance motion in the electrostatic potential. By 
definition, 746 watts is equivalent to 1 horsepower, and for a dynamic resonant 
earth-ionosphere, the potentially available horsepower on a sunlit hemisphere would 
be about 4.79 x 109 horsepower! 
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these factors  and  radio-television  communication systems  as  well  as  satellite 
systems produce extremely complex energy production and re-radiation processes. 
Certain particular systems can become locked; that is, interaction of energy systems 
with each other and natural sources may become resonantly coupled or locked. 
Some of this energy resonates in the ionosphere and some is transmitted from this 
system which has a Q of 4 to 5.   The Q is defined the "figure of merit" or the ratio of 
the energy stored over the energy dissipated.   The transmitted power that does not 
escape forms frequency mixes such as 10Hz and the odd and even harmonics of the 
50 and 60 Hz power systems.   These frequencies form a complex based on physical 
areas of emission from the earth and day/night effects. 
The observed ELF artificial impulses in the environment lead one to speculate that 
such pulses may be the result of a device [19,20] similar to the one envisioned by 
Tesla and which he described as a magnifying transmitter.   By means of such a 
device, high potential stored electric charges should be able to be converted to 
propagating magnetic wave resonances between the earth's core, the ionosphere and 
the magnetosphere.   Such conversion, if done with sufficient precision, would make 
it possible to realize a gain of acousto-electric energy by matching and utilizing the 
approximately 1.5 Hz rotational vibrations set up in and above the earth as it moves 
on its axis in its orbit around the sun. 
The magnifying transmitter, according to Tesla, was to facilitate worldwide 
communications while at the same time it could be used to transmit electrical power 
without wires to ground stations on the globe which are suitably designed for 
resonance and are connected to a power generator. The local power generators 
would of course have step down transformers and meters and wires for distributing 
97% efficient electric power to a convenient radius of customers. Power would still 
have to be metered and sold but at considerably lower rates. The I2R losses would 
be minimal however, although maintenance to the ground generators would be 
necessary. 
The earth's magnetic field lines describe minute motions due to micropulsations set 
up in them as a result of this rotational vibration. As is known, a moving magnetic 
field produces a current in a conductor. The earth's core is the likely conductor 
which would be expected to respond to these minute field variations. 
Although the magnetic field of the earth is of small intensity, (about 0.5 gauss in the 
mid-latitudes) [21], the very large volume of the conductive core and the even larger 
radius of the surface magnetic field lines, provide a system with a great volume of 
electric current circulating in it. 
Another potentially usable volume of electric current exists in the earth's magneto- 
sphere. Some 1012 watts exist as the result of the magnetosphere. The combined 
electric power potential available from the ionosphere-core-magnetosphere is about 
4.5 times the world's electric generation capacity! The major problem seems to be 
development of a method to gain access to these systems of electric currents. 
We believe that Tesla had solved this problem in his experiments in 1899 at 
Colorado Springs. [13] By means of a specially constructed electrical detection 
system, he observed stationary waves showing that the earth behaved as a spherical 
conductor with finite dimensions and he also found that high potential, tuned circuits 
capacitively coupled to the earth developed two wavelengths when resonance 
occurred. 
A spherical conductor mounted on an insulated pole served as the electrically 
elevated terminal which emanated radio waves that obeyed the ordinary formula for 
wave length, where the frequency divided into the speed of light yielded the length 
of the waves. However, the earth terminal, coupled to the secondary of a critically 
tuned inductor through a low value capacitance of special design, ostensibly 
propagated waves at the same time which were longer by a factor of about 1.57 times 
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the velocity of light, or some 40% to 60% greater in length [19]. Tesla said that the 
Maxwellian electromagnetic component from the elevated terminal would become 
negligible as resonance of the earth's core and ionosphere developed. The magnetic 
flux from Earth's steady state can be "strummed" communicating such phenomena 
as "pearls" or vibrating magnetic flux density increases at nodes and anti-nodes and 
the vibrations propagate almost with no delays. [7] 
The elevated terminal was to be specially constructed with a unique and very large 
radius of curvature in order to raise the electrical pressure extremely high and to 
store it there by virtue of its own electrical attraction until released into the air and 
ground terminals in a pulsed manner. The initial primary current would be of very 
large magnitude until the condition of resonance was struck on the earth's half 
sphere radius, after which the primary current could be expected to lower to a more 
practical value. 
The earth-ionosphere was evidently envisioned by Tesla to be able to be treated, in 
certain electrical cases, as a lossless transmission line containing kinetic energy from 
its rotational motion which would be able to be utilized with a magnifying 
transmitter. The air above the elevated high potential terminal would offer the 
conductive path to the lower ionosphere by virtue of pulsed ionizations of the air 
molecules directly above this highly charged terminal. All vehicles could operate 
on electrical power and aircraft could fly on electrically driven motors and none 
would ever cross the ionization paths due to repulsion effects and thus all could be 
collision-free. 
In order to gain access to the closed earth magnetic field core system, the period of 
the wave from the transmitter would have to be carefully controlled and would have 
to be somewhat below 20,000 Hz down to a low of 6 Hz or cycles per second, for 
practical utilization. 
Furthermore, the time interval (on/off time) of the wave train excitation should be 
between one eighth and one twelfth per second. The electromagnetic component, 
free space, half wave length and longer magnetic half-wave length would thus be 
able to couple in a heterodyne manner-"mixing" in a constructive interference 
pattern at each half wavelength around the earth from the transmitting device 
producing larger magnitude effects. When these two waves couple, a lateral 
travelling wave plus a vertical standing wave should develop. By carefully 
adjusting the repetition rate and impulse duration, these transmitted dual waves may 
be "latched" onto or ride on the earth's magnetic field lines. The vertical wave 
might then begin to move in a path through the earth and out into space again, 
gaining kinetic energy (harmonic pendulum effect) from the earth's mechanical/rota- 
tional vibration system. These dual waves of the same period but of different 
lengths, interacting, may be sufficiently compressed to exhibit plasma-like wave 
circulation forms which could fit the criteria of a macrocosmic soliton-antisoliton. 
Solitons or solitary waves are dynamic entities that are localized in space and retain a 
fixed shape or form. Nonlinear recohering terms in the wave equation describing 
soliton-like behavior overcome dispersive losses so that the wave appears non-dissi- 
pative in space. The amplitude of these wave-like quantities is proportional to their 
velocity. 
Tesla had stated as early as 1904 that the mode of excitation and the action of his 
magnifying transmitter may be said to be diametrically opposite to that of an 
electromagnetic transmitting circuit. He described the magnifying transmitter 
circuit as a device which acts like an immense pendulum, indefinitely storing the 
energy of the primary exciting impulses and impressing upon the earth and its 
conducting atmosphere, uniform harmonic oscillations of very great intensities. He 
also said that the electromagnetic radiations of a properly tuned magnifying 
transmitter would be reduced to an insignificant quantity. In addition, Tesla said 
that a number of distinctive elements put together in a manner analogous to the 
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medium is one which rapidly attenuates the part of the electromagnetic wave that 
penetrates inside it, but since most of the electromagnetic wave is reflected from its 
surface, a strongly absorbing medium is really a poor absorber, if measured by the 
fraction of the total electromagnetic wave energy absorbed. At about 30 Hz, the 
earth elastic-acoustic wave and the ionosphere magnetic wave couple at the core. 
Thus about 30 oscillations are able to be sustained by the kinetic energy of the  
planetary rotation, which fits our observation. 
During field measurements in 1979 and 1980, a curious anomaly was discovered 
about one mile east of the Bonneville Dam in Oregon, in a region where no 30 Hz 
waves were found. The complete area of absent waves was not plotted but the 
measurements indicated that a "hole" existed beginning at about the Eagle Creek fish 
hatchery and stretching approximately east south eastward. It is possible that a 
resonance of the earth-ionospheric cavity might cause resonance absorption bands at 
nodal locations on the earth's surface. In the case of ELF resonance absorption, the 
reflection-absorption-retransmission zone would be of large radius and could 
possibly result in a photon-phonon gyroscopic spin wave effect [28,29]. The spin 
processional frequency of waves may be sustained by a given absorption producing 
frequency as long as the driving pulse intensity is present at a given threshold level. 
The damping factor will be reduced, perhaps to the degree necessary for sustaining a 
spatial soliton wave [30,31,32]. Latent effect periods (delayed re-emission) would 
occur and depend upon pulse duration and repetition rate. When pulse transmis- 
sions change in frequency, the waves may damp momentarily and at times might 
precess to a rate that could match the vibrational rate of various piezoelectric 
geologic materials such as quartz, which might induce earth movements (volcanoes 
and seismic activity). 
Since it is well known that a difference in phase in field intensity and polarization is 
always accompanied by energy absorption, it may be that ELF magnetic field 
resonance absorption effects cause far-field electric vector effects (earth to iono- 
sphere E-field) and may produce a near-field, high-intensity magnetic component at 
even wavelength distances from an ELF source. At the same time, a high intensity 
electric field may produce as a far-field effect magnetic pulses at each quarter 
wavelength distance from the electromagnetic emitter source. If ELF absorption 
effects exist at areas on the earth's surface as a result of core-ionosphere-magneto- 
sphere excitations, the energy may be retransmitted from those areas at substantially 
greater intensities than the intensity of the pulsed energy originally absorbed. This 
would be seen as abnormally high electric field intensities. 
Examples of real time data covering a period of time from 1979 through 1986 are 
given in Reference 14, and a few illustrative examples are given in Appendices I and 
II. Experimental field measurements in the ELF-VLF frequency ranges were begun 
in 1972 and in that year, an approximately 10 Hz infrared frequency shift pulse was 
detected in the summer day-lit sky around noon and 4pm from a monitoring station 
in Portland, Oregon. The pulse was only on at intermittent intervals during the day 
for the next few months, then the pulse disappeared. In late 1975 and officially in 
July 1976, the 10 Hz pulses of the "Russian woodpecker" [33] came on the air and 
has remained on the air until the present time. 
In the late summer of 1979 other artificial signals came on the air with repetition 
rates of 15 and 30 Hz. In November and December 1979, monitoring in the Pacific 
Northwest yielded magnetic signals of many different waveforms and frequencies 
mixed in with 10 Hz, 15 Hz and 30 Hz. 
Many signals of natural and artificial origin coexist and synergistic effects between 
the natural resonances and man-made energies allow us to make a working 
hypothesis of the electromagnetic hydrodynamics of the earth-ionosphere, particular- 
ly with regard to geologic activity and weather. 
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Some of the artificial impulses have been interfering with lawful communications 
woldwide since 1976.    Significant Interfering electromagnetic signals were found 
on the 3 to 30 megahertz (MHz) bands and are usually pulsed at an on/off rate of 10 
per second.   The 10 Hz signals may have resulted from what the Soviets have 
admitted to be "radio wave experiments."   They presumably originated somewhere 
east of the Baltic Sea.   Some of these signals were seen to be phase and pulse width 
correlated with magnetic waves.   Since July 1979, variable pulse width magnetic 
waves of approximately 10, 15, and 30 Hz resembling pulse time modulation (PTM), 
along with data-like impulses, were also observed with intensities exceeding an order 
of magnitude above the earlier observed natural signals in this frequency range, with 
an amplitude of about 100 to 150 microgauss  As earlier stated, most of the 
artificiall magnetic waves in the 10 to 30 Hz range were observed to propagate at 
maximum amplitudes in the vertical direction, suggesting the possibility of altered 
earth- ionospheric resonance excitations. 
We have examined the characteristics of some of the natural waves and, as we have 
already noted, related these frequencies and wave forms to some of those hypothe- 
sized by Tesla.   We have also examined some of the artificial, man-made signals as 
perhaps emanating from a modern variation of a device patented by Nikola Tesla in 
1905 and which was termed a magnifying transmitter.   (See data in Appendix I). 

Measurements of Magnetic and Electromagnetic Pulsations 
in the ELF Frequency Range 

The device we used in making our magnetic field measurements is described as 
follows.   The T-1050  field detector operates  on  the principle  that  a coil  of 
conducting wire, insulated and consisting of some 150,000 feet of #44 AWG wound 
on an insulating spool form with a high  permeability mu-metal material adjacent 
to the inner windings, responds to a fluctuating magnetic field; or, if the coil is 

moved in a static magnetic field, it will respond to the field in a dynamic manner 
[34]. In either case, coil response to magnetic field fluctuations results in the 
generation of fluctuating voltages. The voltage is proportional to the number of 
turns of wire and the dimensions of the coil, the permeability of the mu-metal 
material and the magnitude of the magnetic field. 
The sine of the angle of the "cutting" of magnetic field flux lines is another important 
factor in the sensitivity-frequency response characteristics of a coil-core type of 
magnetic field detection system. Slow moving magnetic flux changes in the coil, 
such as would be the case at frequencies below 1 Hertz, will induce a much lower 
voltage at the coil output than, for example, magnetic fluctuations moving at a 100 
Hertz rate. There is an order of magnitude difference between 0.1 Hz and 1 Hz, but 
there are about three orders of magnitude of decreased sensitivity between these two 
frequencies and less than an order of magnitude (about three times less) between 1 
Hz and 100 Hz. 
In a coil system such as used in the T-1050, the resonant frequency of the coil-core is 
about 48 Hz; normally the resonant frequency is determined by  
Ordinarily the inductance L and the capacitance C in radio frequency circuits are 
directly calculable by the above formula. However, in a coil-core magnetic field 
detection system, other complicating factors are introduced, such as the permeability 
of the core, the distributed capacitance of the wire over its length, the magnitude of 
self induction relative to the induced back electromotive force and non-sinusoidal 
wave fronts acting on the coil-core, etc. These are some of the problems which need 
to be addressed when utilizing a coil-core type of magnetic detection device system. 
These are dealt with in the equalization, filtering and amplifying networks following 
the coil-core generated voltages. We take advantage of the fly wheel-like storage 
capabilities of a coil system and feed the coil generated voltages through carefully 
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The 31.4 Hz signal can be analyzed as about a 30 Hz signal, heterodyning and 
mixing with the approximate   1.5  Hz earth rotational  vector frequency.   Other 
frequeneies we huve observed associated with natural phenomena, such as volcanoes 
and seismic activity, are complex, showing sine-waves with interspersed jagged 
waves unlike the 30 Hz signals and other artificial ELF frequencies.   Some of the 
man-made signals display telemetry like characteristics. 
Seismic activity has been occurring periodically in San Leandro in the San Francisco 
Bay Area of California. We have been observing irregular slow waves of 0.48 Hz 
and some clusters at 1.32, 1,56, 1.84 and 3.18 to 3.2 for the vertical coil 
configuration. For example, these frequencies were observed at 8pm on January 14, 
1986. News reports later that evening indicated that earthquakes occurred near 
Salinas and San Jose, California measuring 4.3 and 5.2 respectively on the Richter 
scale. 
We observed the onset of a 3.2 Hz wave maximum with an approximately 
north-south coil orientation from the 6th through the 13th of November 1986. 
Previously, this frequency and other specific frequencies had been associated with 
the volcanoes we observed with the Mt. St. Helens activity in 1980.   On November 
15 th ,  1986 the enormous volcanic eruption of volcano Nevada de Ruiz, near Bogata, 
Columbia was reported and this event occurred south of our observation station. 
This activity had been preceded by some steam eruptions before the major blast that 
killled over 23,000 people.   A small quake of 3.2 on the Richter scale occurred that 
day in San Jose, which was consistent with our observation of the north-south coil 
orientation measurements of slow waves.   Some other example predictions of 
seismic activity are our measurements in the period preceding August 1986, where 
we observed magnetic field oscillations around 1.5 Hz and 3.2 Hz which were most 
intense in the north-south direction. 
During this period an earthquake occurred in Alaska measuring 5.0 on the Richter 
scale and two others occurred in China measuring 6.8 on the Richter scale. A 
"precursor" quake occurred near Mexico City and another occurred at Santa Barbara 
which measured 3.3 on the Richter scale. Earthquake signatures continued and we 
expected more and stronger activity. On the 19th of August, 1985, news reports 
stated that at 8:18am Pacific time, a quake occurred 250 miles west of Mexico City 
measuring 7.8 on the Richter scale which was felt as far away as Houston, Texas. 
Predictions of continued activity was made and the next day another quake occurred 
measuring 7.3 on the Richter scale which was called an "after shock." Some 20,000 
lives were lost during that period. [14] 

Theoretical Models of Collective, Coherent Resonant States 
in the Earth and Ionospheric Resonant Cavity 

Our observations of frequency and time domain wave form similarity indicates the 
need to formulate a more complex dispersion relationship than the usual ones. That 
is, the relationship between wave number (or wavelength) and frequency is not of a 
simple form, ie. one cannot use the simple relation  One can, however, 
proceed from a dispersion relation and then derive specific wave equations for 
specific applications. We proceed in an opposite manner and utilize our data, 
interpreting it as wave form solutions to a wave equation and then deduce nonlinear 
dispersion relations in which the leading order term is  
The simultaneous occurrence of similar wave forms and frequencies over the globe 
would indicate a large portion of, or even the Earth as a whole, has been set into 
dynamic resonance by natural and man-made events. The existence of such electric 
and magnetic waves indicates the presence of a local and global resonance. The 
impulse waves observed and the on-off intermittency of the about 30 Hz and other 
ELF  signals,  would  indicate  that one  or more  local  resonator-generators  are 
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activating very non-linear modes of oscillation in the Earth. Our data indicates that 
a mechanical-electrical system or systems can activate normal complex modes of 
oscillation in the earth and earth-ionospheric resonant cavity, some of which are 
naturally occurring and some are artificially induced. 
We proceed in one or more of three ways to determine a wave equation which 
describes the observed generated wave forms. (1) One Way is to determine the 
complex and perturbations-expansion dispersion relationship from which a general- 
ized wave is derived. (2) Another way is to introduce the formation of a new 
geometric space metric of more than four dimensions, which we term geomagnetic 
space. The prefix Ge is determined from the Greek term for earth and leads to such 
terms as geology or geography and geometry (earth measure). (3) A third procedure 
is to present a generalized, nonlinear wave equation and its solution which appears to 
fit the general form of the data. 
Our experience with other electromagnetic and hydrodynamic systems leads us to 
proceed in the third manner and set down a general nonlinear equation and its 
solutions. The earth is a highly dynamic and enigmatic system whose origin and 
detailed structure remain a mystery. It appears in general to be a structure of a 
layered elastic sphere, as is evidenced by scattering of seismic waves by the 
Gutenberg discontinuity between the earth's mantle and core. Discreteness of the 
structure of the concentric zones appears to be due in part to different major 
compositional components of the various layers such as the crust, mantle (upper and 
lower) and core, resonantly locked together. The lithosphere, the stony outer 
portion, is elastic and flexible as determined from ice and geologic materials which 
show uplift and rebound. Temperature gradients produce convective processes 
within the earth and associated seismic waves travel at from 7 to 8 km/sec. 
The earth forms certain normal modes of oscillatory states which are a function of its 
size, composition, inhomogeneties, elasticity, viscosity, capacitance etc. These 
normal modes can be activated by natural phenomena, as we mentioned before, such 
as volcanoes, meteorological activity, solar wind, etc. These states can also be 
activated by artificial or man-made systems. For example, nuclear testing, power 
line systems of 50 to 60 Hz, radio, television and other communications systems. A 
vast amount of power is pumped into the earth-ionosphere resonant cavity primarily 
during daytime and early evening hours on the sunlit hemisphere of the earth. Some 
of these frequencies interact with the natural electromagnetic fields of the earth and 
can either enhance or diminish these resonant modes. We strongly believe that the 
current power grids and other electromagnetic radiation will prohibit the design and 
use of the wireless energy system as Tesla perceived it. Certainly a system based on 
Tesla's design would have to be modified to accommodate current developments 
including aircraft travel and satellites. 
There are some very striking and intriguing properties of soliton phenomena that 
lead us to formulate a model of earth resonance in terms of a dispersive-nonlinear 
wave equation having soliton-like solutions. The earth system is a media which has 
elastic rebound properties or acts fluidly as observed by the continental drift, and 
supports nonlinear coherent resonant wave modes that disperse, such as Love waves 
(or S-wave or stress wave-like) and Rayleigh waves (or P-waves or pressure 
wave-like) which can be activated from seismic adjustments. The earth acts as a 
dynamic nonlinear resonator with dispersion. (See Appendix I and II) 
We have made extensive measurements of some of these resonant modes which are 
activated by man-made or other natural sources. Some of these modes may be self 
sustaining soliton-like waves similar to the process suggested by Tesla. A soliton is 
a pulse-like traveling wave solution of a linear dispersionless wave equation or a 
nonlinear equation with dispersion. The basic form of soliton wave equations have 
the classical wave equation as their leading order terms. If we have a linear 
equation with dispersion, ie. the usual classical wave equation, no soliton waves will 
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occur as the Fourier components of any initial condition, and it will propagate at 
variouss different velocities and as the interface of Fourier as components in which 
energy will be lost.   If nonlinearity is introduced without dispersion , again the 
possibility of soliton wave modes does not occur since a continuous source of pulse 
energy must be injected via harmonic generation into higher frequency modes.   In 
the time domain, we often see such phenomena as a shock wave, ie. a wave of 
relatively short duration.   Soliton waves can form with both dispersion and nonlin- 
ear i ty.    The soliton wave can be quantitatively understood and interpreted as 
representing a balance between the effect of the nonlinearity and of the dispersion 
process.   Phenomena amenable to this type of description involve  nonlinear, 
coherent resonant states with dispersive losses. 
Examination of natural phenomena, such as sun spot activity, ball lightening, 
hydrodynamic  solitary  waves   and  biological  colonies  including  man,  exhibit 
self-organizing approximately "non-dispersive" processes.   These classes of phe- 
nomena that involve (1) non-linearity, (2) non-equilibrium, (3) coherent resonance 
and (4) collective particle states, can be described as self-organizing and non-disper- 
sive. These  phenomena  can  involve  solid,  liquid,  gas   and  plasma  states  of 
matter-energy and can be mechanical and/or electrical (or electromagnetic, chemical 
or biological) in nature.   The key element in such processes is that they do involve 
dispersion  (or diffusion)  but  that this dispersion  (diffusion)  is  overcome and 
recohered by the non-linear structure and or fields of the system under consideration. 
A prime example is that of the hydrodynamic soliton phenomenon, well described by 
the Korteweg-deVries equation developed in 1895 to describe the observations of 
John Scott Russel in 1834. 
These equations describe phenomena which is dispersive in the third order derivative 
in space, rather than the usual wave equation, which is dispersive in the 
second order in space, which is "balanced" by the nonlinear term of the form 

 where U is a wave function amplitude dependent on space and time. 
There are also quantum analogies to this classical equation such as the sine-Gordon 
equation. 
We have examined the structure and form of soliton equations applicable to a wide 
variety of physical, chemical and biological systems and demonstrate how these 
equations relate to the usual wave equation. 

 
where co is the velocity of the wave amplitude, U, and we have the usual dispersion 
relation for k = v/co for wave number k and frequency v. Each non-linear equation 
which exhibits a soliton wave-like solution has a different associated dispersion 
relation. We have presented ample examples of natural phenomena that exhibit 
these properties and demonstrate the application of these theoretical models to 
describing geologic phenomena [34,36]. 
We will now discuss the soliton model for the development of possible efficient 
energy devices. Although these devices will not violate the second law of 
thermodynamics, they are highly efficient and utilize some of the available ambient 
energy as efficient energy converters [37]. 
In deriving the form of a generalized nonlinear wave equation, one can usually 
proceed from a general dispersion relation where in the wave equations the 
dispersion term is independent of the nonlinear aspect. This method has its 
limitations when the above condition does not hold, ie. these terms are interrelated 
such as in the sine-Gordon equation, the method breaks down and becomes 
cumbersome to use. 
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Planetary magnetic field organize ionized matter. The resulting magnetospheres are 
unique domains or "cells" of plasma that are semi-isolated and considerably different  
from neighboring plasma regions.   The earth's magnetosphere and that of other 
planets are affected by planetary rotation and ionic flows from the sun and its 
rotational dynamics and we suspect that the diurnal cosmic bombardment also plays 
a significant magnetospheric role.   Co-rotational plasma flows, production of plasma 
waves, radio emissions, and ion acceleration of thermal electrons to hundreds of 
MeV occur within the magnetospheres.  Plasma processes can involve the usual 
plasma instabilities related to ionic interaction with the earth's magnetic lines of 
force. 
Primary driving forces of magnetospheric features involve the solar wind (and its. 
induced changes from solar flare processes) and the earth's rotation (including the 
steady state magnetic field as well as disturbances within this field due to the earth's 
physical "adjustments" such as seismic activity and volcanoes). Planetary and 
stellar magnetic fields are believed to organize ionized matter in stellar and galactic 
systems. 
The deformation of the earth's magnetosphere occurs as the solar wind (an intenal 
expansion of the solar corona) interacts and mixes with the intrinsic magnetic field 
generated by or intrinsic to the earth. The solar wind at the earth's orbit has an ion 
density of about 10 ions/cm3 with an energy density of a few times 10-8 dynes/cm2. 

Some General Comments on Theoretical Prediction of Seismic and 
Volcanic Activity: Research Conducted 1979-1990 

Our data and records indicate that earthquakes and volcanic activity seem to be able 
to be modified by sunspot/solar flare activity and cycles in a manner similar to the 
effect of tidal action (caused by the gravitational pull of the moon) except that this 
sunspot/solar flare/earth interaction produces electromagnetic activity in the earth 
environment. Weather processes also appear to depend on solar cycle patterns. As 
is known, sunspot magnetic "storm" activity produces changes in the solar wind 
The heavy particle interaction with the ionosphere produces charged state changes 
within the E layer and other charged layers of the atmosphere which creates induced 
magnetic fields. These fields and current flows interact with, affect, modify and 
perturb the earth's "steady state" magnetic field. As the lines of force of the earth 
are affected and "wiggled," the core mantle interface is affected. Extreme effects 
produce energy releases in the form of earthquakes and volcanic activity. Upper 
atmospheric effects can drive the jet streams and modify their paths and structures 
and thus affect the weather. Concurrent with major seismic and volcanic occur- 
rences is the production of lightning which also affects weather. As is well known, 
increased atmospheric gases and participate matter can affect global weather 
patterns. 
Large earthquakes can also "wiggle" the lines of force of the earth's magnetic field 
and hence, in turn, affect ionosphere ionization states, thus affecting weather and 
other reverberatory seismic modes of excitation. Lightning strokes and piezoelectric 
releases in rocks in the earth produce electromagnetic field spike-like impulses 
which are measurable with suitable instrumentation. All these phenomena produce 
characteristic electromagnetic wave signatures which we can and do record and 
analyze. 
Earthquake tables containing predicted location and estimated magnitude can be 
constructed in a manner analogous to tide tables. Predictions of possible volcanic 
activity can also be generated. These and other data might also be utilized to 
generate long term weather profiles. 
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Conclusion 
The earth and the life forms upon its surface vibrate and resonate in harmony in such 
a manner that radiant energy from the sun and materials and vibrations of the earth 
support this life and its evolution. Some of the major normal oscillatory modes of 
the earth are in the 9-13 Hz range which, interestingly enough, is about the power 
spectrum peaking for most people's alpha frequency. 
It is clear that we depend on "Mother Earth" for our life, but whether, in some sense, 
the earth itself depends on the life forms on its lands and in its seas and atmosphere, 
is another matter; ie. is there a symbiosis between the earth and the life it supports? 
We know that man can create great changes, some of which have polluted the air, 
land, streams and seas with chemicals, radioactivity and electromagnetic waves. 
Some changes wrought by man can be repaired by the earth but others may not be so 
easily repaired. The question of why man should pollute his life support system 
continues to go unanswered. Some of the electromagnetic waves generated by man 
may have global significance for the earth and the life forms upon it. 

In this project and in this paper, we have explored the earth's magnetic field 
emanations, those that are natural and those activated by man.   There are a multitude 
of natural modes, such as the earth's mechanical rotation, seismic activity, volca- 
noes, solar wind and solar broadband noise activity and many others. 
Also impressed upon the environment are many man-made sources disturbing both 
the atmosphere and the earth.   Some of these emissions may be reaping irreparable 
damage to the ionosphere and earth which, in turn, threatens our very existence. We 
must examine what we are doing as people, as societies and as nations!. If we do 
not develop a new consciousness and awareness, destruction of life will inevitably 
result. 

When the earth and the life upon it is in harmony, the system is mutually life 
enhancing. Man has (or has had) great abilities and potentials and yet, most of his 
recent technologies have been to strip nature away from us—to shield us from nature, 
to "conquer" and control her while designing ever more dangerous weapons systems 
with which to more efficiently strip all life from the planet. We must examine why 
man has moved toward such insane motivation, toward mutual destruction and 
whether mutual life enhancement and sanity can again become the noble objective of 
pursuit which desperately need implementation today. 
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Fundamental Excitatory Modes of the Earth and Earth-Ionosphere Resonant Cavity 
APPENDIX I 

Measurements Of Seismic Precursor Excitation Modes 
Earth mechanical or seismic oscillations produce longitudinal excitations in the earth 
itself. These oscillations produce local and global disturbances which involve local 
field coupling which perturb the earth's global steady-state magnetic field. The 
seismic excitations produce pressure and stress waves which have acoustic compo- 
nents as well as "wiggle" the Earth's lines of force producing a magnetic fluctuation 
component. These acoustic and magnetic components are related, albeit, in a 
complex manner. The magnetic field oscillations associated with seismic and 
volcanic activity all lie at the low end of the EMR spectrum (0.3 to 300 Hz). Also, 
the associated acoustic modes lie in a similar frequency range to that of the ELF 
activity. 
As we have explained elsewhere, ELF magnetic field oscillations have transverse as 
well as longitudinal modes of excitation and the longitudinal modes appear to be 
acoustic-like, at least as considered in "four space." Most of the earth-activated ELF 
modes are non-sine wave-like, having a number of Fourier components. 

 
Figure 1. Typical frequency and time domains of magnetic field oscillations which are 

dominated by the approximately 30 Hz signal. The about 1.56 Hz signal heterodynes 
with the 30 Hz signal as seen in the time domain. Most of the frequencies below 
about 11 Hz are natural geologic and atmospheric oscillations. 
The 0.4 Hz is the Earth's fundamental magnetic rotational component and the 1.56 
Hz is its standard rotational vector and the 3.0 to 3.2 Hz magnetic pulsation 
component is the seismic precursor signal. 
The 5.5 to 5.9 Hz signal is usually associated with excitation in the ionospheric D 
layer and the 9.2 Hz signal appears associated with heavy particle interactions from 
solar flare activity bombarding the ionosphere. Frequencies of 12 Hz and above are 
primarily from man-made sources. The 17 and 18.5 Hz are from the air conditioner 
compressor near the building where the data was recorded and disappeared when 
the air conditioner was shut off. The 30 Hz signal with 28.25 Hz side lobes is 
probably a spurious emission of Project ELF. 
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Precursor frequencies of magnetic field oscillations, observed before the onset of 
seismic activity, are usually the third and fourth harmonic of the earth's rotational 
excitation. The difference between the earth's steady state magnetic field and the 
earth 's  mechanical rotational axis is 22.5 degrees at the poles. Hence, the first 
oscillation of the actual rotational vector is 0.4 Hz (= 3.14 x 360/22.5). The second 
harmonic is 0.8 Hz and the third harmonic is 1.6 (more precisely, 1.56 for the 

nonlinear progression) and around 3.16 to 3.2 is the fourth harmonic. [45] 
As the earth rotates, the Coriolis force is stored in the earth's body. We observe this 

energy storage as a build-up of a magnetic signal of about 3.16 to 3.2 Hz. From 
about 24 to 72 hours before an impending event, the approximately 3.2 Hz signal 
disappears. Triangulation on the maximum magnetic amplitude of the 3.2 Hz signal 
is used to locate the future or impending event  If the 3.2 signal reappears within the 

72-hour time frame, then the time line starts running again for another 24 to 72 
hours. 

The 1.56 Hz signal is almost always present and, from this signal which we term 
rotational vector, we can estimate the magnitude of the future event. The percent- 
age of deviation from the normal value of the rotational vector gives an approximate 
magnitude, depending also upon the distance from the measurement instrumentation 
and the epicenter of the impending event. 
We observe a range of "rotational vector" values between 1.26 Hz and 1.80 Hz. The 
smaller the deviation from the normal value of the rotational vector, the smaller the 
quake will be. The deviation of the rotational vector is proportional to the 
impending quake magnitude. For example, 1.26 Hz or 1.80 Hz can be associated 
with over 6.5 to 7 on the Richter scale depending on the distance from the detection 
point to the site of the impending event. 

 

Figure 2. Again a typical display of natural magnetic frequency emissions is given in the 
"geologic frequency range." Both Figure 1 and Figure 2 data were collected from 
the vertical orientation of the coil antenna. 
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The T-1050 magnetic field detector has a series of amplifying, smoothing elements 
and notch filters which make for flat response from 0.1 to 50,000 Hz for magnetic 

field strengths only detection with a sensitivity of about 10-6 Gauss for the high pass 
circuit; 0.1 to 200 Hz for the low pass circuit with a sensitivity of 0.5 x 10-10 Gauss. 

 
figure 4. In the 0 to 100 Hz range with 60 Hz notch filters to notch out the 60 Hz, we see the 

spurious side bands of 30.5 and 89.5 Hz from the center band of 70 to 76 Hz for 
Project ELF. The 30 Hz signal is nearly always larger than the 89.5 signal since it 
lies near one of the Earth's rotational resonant frequencies. In earlier measure- 
ments there were also some effects of coil roll-off. 
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Maxwell's equations are only approximately valid in the ELF region when coil 
emitters and sensors are utilized and the results plotted by means of oscilloscopes 
and spectrum analyzers.   Gauge invariant conditions are modified in the frequency 
range of ELF. [44] 
We present examples of frequency and time domain measurements which lend 
support to the statements we have just delineated.   Figure 1  shows the unusual 
relationship of a typical sine wave and its representation in the frequency and time 
domain.   Figure 2 is an example of the serpentine-like appearance of the "Russian 
Woodpecker" in the frequency domain as demodulated by a spectrum analysis. 
Shown are the 10 Hz pulses on a high frequency "carrier." 
Figure 3 is a representation of a magnetic field measurement of about a 30 Hz signal 
gathered with a coil detection system and displayed on an oscilloscope in the time 
domain. Although the frequencies are 10 and 30 Hz respectively, the ELF region of 
interest that they occupy are close enough to note that both of these displays are 
highly similar and serpentine-like, implying a comparative measurement in the 
frequency domain; and time domain at higher frequencies do not exist at ELF. 
The trace in Figure 4 is generated as a mechanical model of soliton waves generated 
by the sine-Gordon equation which has periodic soliton solutions. Note the 
similarity to Figure 3 which is a magnetic signal observed with the T-1050 displayed 
in the time domain at about 31.5 Hz which can be decomposed into a 30 Hz signal 
heterodyned with a 1.5 Hz rotational vector. The amplitude is 2 volts/division for a 
one second trace. Pulse modulation at 3.33 Hz was observed. Normally one would 
describe this signal as a Heterodyne of 30 Hz and 1.5 Hz but the rotational wave 
characteristics are better seen in the nonrailed signal in Figure 3, the second trace. 
The signal in the top trace in Figure 3 is actually a slice in two dimension from a 
rotational wave in five dimensions or five dimensional rotor or screw wave which is 
like a five dimensional twister algebra related to a four dimensional spinor calculus. 
In Figure 5 is a five dimensional representation of this screw or rotational wave. To 
represent it in a two dimensional figure on flat paper, we consider amplitude as a 
function of x only rather than x,y and z. The other variables of the wave amplitude 
are time, t, and frequency, where  but  for  This figure can 
explain the observation seen in Figure 2 and 3 and a great deal of other similar data 
with the model of the multidimensional soliton wave. Figure 6 is a schematic 
representation of the tube-like waveform in  space which moves like a "slinky" 
toy. The "slinky" coils represent the Fourier of the magnetic field and can be seen 
as the wave with spikes in space and time. 
Simple solutions to solitary wave equations can be found in terms of the usual conic 
section form of the trigonometric functions of sines and cosines built on the 
relationship to the sphere. Simple second order equations generate parabolic and 
hyperparabolic forms x2 +- y2 = c as contour integration of exponential functions in 
the complex plane z = x + iy for  
We will examine the properties of Fourier and Laplace transforms and Lorentz 
invariants conditions and relate these to Gausses' theorem. 
Consider a simple description of the waveforms and their relationship and the 
frequency and time domain to generate Figure 5. Consider the simple case where 
the cross-sectional area of the volume generated by and swept out in the frequency 
and time domain in circular so that more forms observed in the frequency and time 
domains appear the same. Also consider the envelope on the curve as seen as 
extended oscillation, in their amplitude dependence or frequency and time, obey sine 
waves such as x = sin (t/t0) and x = sin (f/f0) contained under the envelope of the 
curve. Note that in general, the five dimensional travelling wave can be elliptical, 
having different "periods" or extensions in time and frequency, for example, the 
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See reference 9 for a more detailed description of the model and its application to 
geophysical and other magnetic flux phenomena. 

 
Figure 5.  In this figure is displayed a symbolic representation of the rotational or twister wave 

in five dimensional space. 

 
Figure 6.   Representation of the Fourier components of an ELF wave in a Five Dimension 

Space in which the frequency and time domain appear to be similar to each other. 
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SECTION III 

Miscellaneous Tesla Articles 
and Reference Material 

 
Tesla amazingly seated at the base of a huge coil in action with remarkable symmetry at Colorado 
Springs without any concern for the lightning he is creating. The fir tree at the top supports his 
antenna. "By providing a sort of roof, I get on the under side a support on which the electrical 
density is nothing, and then the support is absolutely safe, even in rain, because it keeps dry, and it is 
always in contact with a conducting surface of low electric density." — Nikola Tesla, quoted in 
Anderson, Nikola Tesla on His Work with Alternating Currents 
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15 The Homopolar Generator: 
Tesla's Contribution 

Renrinted from Proceedings of the International Tesla Symposium. 1986 
Thomas Valone, M.A., P.E. 

"The One-Piece Faraday Generator" is now published as the book, The Homopolar 
Handbook. The Forbes 1888 dynamo, with like poles at each end of the rotating armature 
magnet and opposite pole in the center (U.S. patent #338,169), simplified current extraction 
in a manner similar to Tesla's two-disk concept described below. - Ed. note 

Abstract 
With the continued interest in Faraday or homopolar generators, it is good to review 
Tesla's experiments in this field. Tesla proposed several methods for increasing the 
output of the generator, including the "current accumulator." In this paper, the range 
of homopolar generators Tesla experimented, the Forbes Unipolar generator and my 
work on the one-piece homopolar generator will be discussed. We will look at why 
Tesla believed that he could build a self-sustaining dynamo. 

Introduction 
This paper will center on a very simple but very intriguing device rhat is a model of 
he planet earth (see Figure I). It's the unipolar, acyclic, or homopolar generator 
which is also referred to as a "Faraday disk dynamo" after Michael Faraday who 
discovered it in 1831. (Hence, the title of my book. The One-Piece Faraday 
Generator, available through High Energy Enterprises, PO Box 5636, Security, CO 
80911) Note the self-sustaining nature of the earth model that's presented in the 
following Scientific American article. (For your convenience, the article, "Model- 
ing Magnetism: The earth as a dynamo," by S. Weisburd is reprinted in full.) 
[Science News, V.128, p.220, 1985] They are describing an unusual mechanism of 
the earth which pumps current in a spiral manner strengthening the magnetic field, as 
described by Tesla in the following pages. (This could have great significance for a 
new, liquid metal Homopolar Generator if someone wants to try a novel approach. 
The article says, "F.H. Busse proved that by virtue of the dynamo action of the fluid 
motions, the magnetic field could increase substantially from a small initial 
valae"-p,124). It appears to be a "free energy" device, with no dissipative effects, 
but the theory, as well as my experiment, has shown that a one-piece homopolar 
generator should exhibit back torque. Therefore the earth should be slowing down 
quite noticeably. However, it's not appreciably slowing, so there must be a method 
nature uses to avoid the back torque. 

Modeling Magnetism: The earth as a dynamo 
In 1600 William Gilbert, the physician of Queen Elizabeth I published a treatise 
on magnetism called De Magnete, in which he dispelled the notion that 
lodestones are attracted to heavenly bodies. Instead, he concluded from an 
experiment with a spherical lodestone that the earth itself is a giant magnet. 
Centuries passed before scientists developed any reasonable ideas as to what 
causes this geomagnetism. The main, dipolar part of the earth's field clearly 
resembles that produced by a bar magnet. But it has become apparent that the 
field could not arise from permanently magnetized minerals in the earth. Most 
of the earth is too hot for such materials to retain their magnetism for long, and 
in order to create all of the changes observed in the magnetic field, solid 
magnets would have to scurry around within the earth--an impossible feat that 
would result in massive upheavals of the planet. Moreover, earthquake data 
indicate that the outer region of the core is a fluid. 
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Scientists believe this outer core is a rotating liquid made principally of molten 
iron and nickel, which conduct electricity. This view of the core has led to the 
only surviving idea out of many theories (including the notion, once considered 
and then dropped by Albert Einstein and others, that magnetism is an inherent 
property of all rotating masses). 
Forty years ago Walter M. Elsasser at the University of California at San Diego 
and Edward C. Bullard of the University of Cambridge in England developed 
the "self-exciting dynamo" model for the core. The illustration below ... 
[Figure 1]... stews a simple example of a dynamo invented by the 19th century 
British scientist Michael Faraday. When the metal disk spins in the initial 
presence of a magnetic field, currents are generated in the disk. In a seif-excit 
ing dynamo, these currents are fed into a solenoid, or coil, which creates a 
magnetic field of its own. 
If the spinning fluids of the earth's outer core act like the disk in the dynamo, 
the earth could similarly produce a large magnetic field, provided there was a 
small magnetic field around at the beginning. (The small field that pervades the 
galaxy would be a good candidate, according to some scientists.) Another 
provision would be that the core fluids keep moving, and the unanswered 
question here is what energy source is responsible for doing just that. 
Of course, the actual core movements must be considerably different from and 
much more complex than a spinning disk. So the present focus of research is to 
devise complicated flow patterns consistent with the magnetic field's behav- 
ior-its reversals, secular variations and now possibly the jerk. 

 
Figure 1. In this self-sustaining Faraday disk dynamo, an electric current (small 

arrows) in the copper disk reinforces the magnetic field of the coil (from 
"The Source of the Earth's Magnetic Field" by Scientific American, 1979). 
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Another interesting aspect of the earth as a unipolar generator (the title of another 
hournal article) is the electromotive voltage that is produced in the rotating armature. 
Faraday thought it would be measurable in the rotating reference frame. He looked 
for a voltage in rivers and streams. My experiments with a small LED voltmeter, 
described in my book, show that no voltage is measurable in the rotating environ- 
ment. The reason is that (see Figure 2) there is an equal and opposite electrostatic 
field created when a charge displacement is induced by the Lorentz force. This 
essentially maintains a neutral environment on the disk, even during sizable current 
flow, that will act as a voltage regulator. I could measure a voltage across the 
rotating disk in the stationary lab frame but my LED voltmeter could not measure 
e v e n  a millivolt when one hundred times that was present in the lab frame. In other 
words, we can't draw power from the earth's homopolar generator while rotating 
with i t .  

 

Figure 2. Charges displace until equilibrium is established. Fields cancel 
within a disk. This explains why a constant voltage will be maintained 
across the disk even during high current output. 

In calculate the voltage generated with an homopolar generator (Figure 3), we find 
that the equation depends upon the magnetic flux density, rotational speed, and the 
radius of the di.sk squared. The internal resistance is the only thing that limits the 
power output of the device. It is important to note also, before going on with the 
aspects that relate to Tesla's article, that all of the recent experiments that have 
reported anomalous effects have all been done with the one-piece Faraday generator, 
the one with the magnet rotating with the disk. (Dr. Stephan Marinov, on p. A-73 of 
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This article of Tesla's is reprinted in its entirety in the Appendix of my book, 
The One-Piece Faradav Generator.} For your convenience, key portions are excerpt- 
ed for reference throughout this paper. 

The general design, shown in Figure 4, is discussed in the first portions of Tesla's 
article, (also reprinted in Inventions. Researches and Writings of Nikola Tesia. by 
Thomas C. Martin). "... such a machine (the homopolar generator) differs from 
ordinary dynamos in that there is no reaction between armature and field." It is a key 

sentence which Tesla qualifies by limiting the circumstance to magnets that are 
weakly energized. 

 
Figure 4.  Tesla's Design:   Coupling two homopolar generators together for 

higher output and better brush conductivity. 

In my experimentation with strong (almost 1 Tesla field strength) ceramic magnets 
mounted on a copper disk, I was able to measure the reaction between the disk 
(armature) and field which is technically labelled "back torque" (the force which 
slows down the spinning disk when current is drawn from it). We can ask, "How 
does the one-piece homopolar generator experience back torque when there is no 
stator, only a rotor?" The best explanation that I could come up with when I 
measured it is the following: The electrons in the armature (disk) current push 
against the magnetic field, not the magnet, causing the reaction force. By the way, 
it's just the radial component of the current that contributes to the back torque, 
according to the traditional methods for applying the torque equation. 
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Tesla, however describes it as a reaction between the magnetic field set up by the 
armature current and the electromagnet's coil current. This is probably equivalent to 
the equation of torque (T) being equal to the current density crossed with the 
magnetic flux density (JxB). He also notes another aspect of the generator that is a 
key to reducing back torque, the symmetry of the external circuit: 

... Considered as a dynamo machine, the disc is an equally interesting object of 
study. In addition to its peculiarity of giving currents of one direction without 
the employment of commutating devices, such a machine differs from ordinary 
dynamos in that there is no reaction between armature and field. The armature 
current tends to set up a magnetization at right angles to that of the field 
current, but since the current is taken off uniformly from all points of the 
periphery, and since, to be exact, the external circuit may also be arranged 
perfectly symmetrical to the field magnet, no reaction  can  occur. This 
however, is true only as long as the magnets are weakly energized, for when the 
magnets are more or less saturated, both magnetizations at right angles 
seemingly interfere with each other. 
For the above reason alone it would appear that the output of such a machine 
should, for the same weight, be much greater than that of any other machine in 
which the armature current tends to demagnetize the field. The extraordinary 
output of the Forbes unipolar dynamo and the experience of the writer confirm 
this view... 

Symmetrical External Circuit 
We note that Tesla refers to the "external circuit" which is made to be "perfectly 
symmetrical" to reduce the reaction to zero. This was a popular notion, which still 
may have profound significance. Adam Trombly, the builder of the most successful 
"over-unity" hornopolar generator in recent history, also emphasized to me the 
symmetry of the external circuit in his design in order to reduce back torque). It is 
believed, according to the theory noted by G.W. Howe in The Electrician. (Nov. 5, 
1915, p. 169), and others, that the torque or "reaction" in a unipolar generator, that 
tends to slow down or retard its motion (and thus keep its efficiency less than 100%) 
is due to the interaction between the magnetic flux and the current-carrying 
conductors in the external circuit. Our present theory only looks at the armature 
current and the magnetic field but this aspect of the force may be the neglected part. 
The next section refers to the eddy currents that are set up in the disk with external 
symmetry. They tend to magnetize the field, which is a beneficial effect. A disk 
without external symmetry pulling current off from one spot (like my generator, to a 
great extent) will tend not to contribute to reinforcing the field. 
It's interesting to note that Howe also published an article 37 years later entitled "A 
Novel Form of D.C. Motor" (Wireless Engineer. Nov. 1952, p.285) in which a spiral 
path hornopolar generator is described. It was subsequendy built by Ku and Kamal a 
short time later (see J. Franklin Inst.. v.258, 1954, p.7) and tested. 
Tesla also notes in the next paragraph that in all other motors and generators "the 
armature current tends to demagnetize the field" which may be greatly reduced in his 
design of a unique Faraday generator. 

Beneficial Eddy Currents 
The next illustration (Figure 5) of a unipolar dynamo with relatively small magnets 
demonstrates a principle that Tesla wishes to exploit. He points out that path "n" 
will tend to predominate because the current will choose the path "which offers the 
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least opposition." He believes that the currents in such a generator tend to reinforce 
the magnetic field and may even "continue to flow" when the field magnet is turned 
off (assuming electromagnets). 

 
Figure 5. General schematic of a homopolar generator. 

... In consequence of this there will be a constant tendency to reduce the current 
flow in the path A B' m B, while on the other hand no such opposition will 
exist in path AB'nB, and the effect of the latter branch or path will be more or 
less preponderating over that of the former. The joint effect of both the 
assumed branch currents might be represented by that of one single current of 
the same direction as that energizing the field. In other words, the eddy 
currents circulating in the disc will energize the field magnet. This is a result 
quite contrary to what we might be led to suppose at first, for we would 
naturally expect that the resulting effect of the armature currents would be such 
as to oppose the field current, as generally occurs when a primary and 
secondary conductor are placed in inductive relations to each other. But it must 
be remembered that this results from the peculiar disposition in this case, 
namely, two paths being afforded to the current, and the latter selecting that 
path which offers the least opposition to its flow. From this we see that the 
eddy currents flowing in the disc partly energize the field, and for this reason 
when the field current is interrupted the currents in the disc will continue to 
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flow , and the field magnet will lose its strength with comparative slowness and 
may even retain a certain strength as long as the rotation of the disc is 
continued... 
... If the latter [disc] were rotated as before in the direction of the arrow D, the 
field would be dragged in the same direction with a torque, which, up to a 
certain point, would go on increasing with the speed of rotation, then fall off, 
and, passing through zero, finally become negative; that is, the field would 
begin to rotate in opposite direction to the disc. In experiments with alternate 
current motors in which the field was shifted by currents of differing phase, this 
interesting result was observed. For very low speeds of rotation of the field the 
motor would show a torque of 900 lbs, or more, measured on a pulley 12 inches 
in diameter. When the speed of rotation of the poles was increased, the torque 
would diminish, would finally go down to zero, become negative, and then the 
armature would begin to rotate in opposite direction to the field. 

Tesla notes further on that this effect depends upon the "resistance, speed of rotation, 
and the geometrical dimensions of the resulting eddy currents," He then suggests 
that "at a certain speed there would be a maximum energizing effect," presenting the 
intriguing notion that the field is being dragged in the same direction as the rotation 
of the disk until a maximum is reached where the field would tend to reverse as the 
rotation speed is increased. He is proposing here that there is a phase relationship 
between the field concentric to a conducting disk, as illustrated by a split phase AC 
motor analogy. We will see shortly an illustration with solid and dotted spiral lines 
on a disk which demonstrates Tesla's "phase" relationship. Depending upon the 
direction of the spiraling eddy currents, clockwise (path "n") or counter-clockwise 
(path "m"), the magnetic field will tend to be in the same direction as the external 
magnetic field or opposing it. Thus it is reasonable to assume that as the disk 
increases speed, the current may start out spiraling, say, in a clockwise manner 
reinforcing the external field, and then reverse to a counterclockwise spiral as the 
speed increases. A good computer simulation of the variables involved would reveal 
this relationship and may suggest, as Tesla does, an optimum speed of operation for 
self-generation. 
Another article that reinforces Tesla's ideas is "A Laboratory Self-Exciting Dynamo" 
by Lowes and Wilkinson, reprinted in Magnetism and the Cosmos, in 1965, by 
NATO Advanced Study Institute on Planetary and Stellar Magnetism in the 
Departments of Physics and Mathematics at the University of Newcastle upon Tyne. 
On page 124, they mention that "a more efficient geometry was found, so efficient 
that the dynamo would self-excite in a completely homogeneous state (i.e. with no 
insulation) at a much lower rotor speed than was believed possible." Their design is 
based upon conducting spheres or cylinders rotating like eddy currents in a 
conducting medium (also see page 126 of Sci, Amer,. "The Source of the Earth's 
Magnetic Field," 1979). 

My Experiment With Field Rotation 
I'd like to mention that I have tried the experiment of rotating an 8" disk magnet on a 
non-conductive (wood) disk within one centimeter of a copper disk (and vice versa), 
along with the help of Dan Winter in Buffalo, NY (see Figure 6). We were unable to 
find an effect of rotating a symmetric magnetic field on the output voltage though we 
didn't look at the output current which is what Dr. Tesla is referring to. 
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Figure 6. Dragged rotating field experiment. 

Here, it is important to also note experiments (described in my book) by Cramp and 
Norgrove (1936) and Das Gupta (1963) which have failed to find any torques on a 
non-conductive magnet adjacent to a conductive disk carrying current. In fact, 
several scientists have proposed, as Mr. Klicker mentioned at the Tesla 1986 
Conference, that no experiment can resolve whether the magnetic field is rotating if 
it is symmetric. However, this may not have a bearing on the phenomena that Tesla 
is talking about concerning the "dragging" of the field, since he concentrates on the 
spiraling currents. 

Removing The External Magnetic Field 
The next part of Dr. Tesla's article proposes that in a solid disk, as described above, 
we may be able to find that the field magnet may be removed while the generator 
disk is kept rotating. Tesla suggests that, due to favorable eddy currents, the entire 
generator may continue to function and even increase in output when the speed is 
increased, forming a fascinating "current accumulator." 

To return to the principal subject; assume the conditions to be such that the 
eddy currents generated by the rotation of the disc strengthen the field, and 
suppose the latter gradually removed while the disc is kept rotating at an 
increased rate. The current, once started, may then be sufficient to maintain 
itself and even increase in strength, and then we have the case of Sir William 
Thomson's "current accumulator." But from the above considerations it would 
seem that for the success of the experiment the employment of a disc not 
subdivided would be essential, for if there should be a radial subdivision, the 
eddy currents could not form and the self-exciting action would cease. If such 
a radially subdivided disc were used it would be necessary to connect the 
spokes by a conducting rim or in any proper manner so as to form a 
symmetrical system of closed circuits ... 
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In the next illustration (Figure 7), we see a suggestion for giving the disk, an 
additional push from the generated currents by leading them through conductors that 
pass into coils. Here, the coils then encounter a reverse polarity magnetic field 
which tends to give the coils a small amount of push. This effect may not work at all 
but tends to lead the reader into thinking about curving the generated currents to an 
advantage. 

 

Figure 7. Possible enhancement to give discs an additional "push." 

Sub-Dividing The Disk 
The suggestion of sub-dividing the disk is now discussed, in order to "do away with 
the field coils" entirely! As illustrated in Figure 8, sub-dividing the disk spirally 
(actually cutting the disk in radial directions that spiral outward) tends to create a 
self-generated magnetic field. 

... But a unipolar dynamo or motor, such as shown in Fig 292, may be excited 
in an efficient manner by simply properly subdividing the disc or cylinder in 
which the currents are set up, and it is practicable to do away with the field 
coils which are usually employed. Such a plan is illustrated in Fig. 295. The 
disc or cylinder D is supposed to be arranged to rotate between the two poles N 
and S of a magnet, which completely cover it on both sides, the contours of the 
disc and poles being represented by the circles d and d' respectively, the upper 
pole being omitted for the sake of clearness. The cores of the magnet are 
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supposed to be hollow, the shaft C of the disc passing through them. If the 
unmarked pole be below, and the disc be rotated screw fashion, the current will 
be, as before, from the centre to the periphery and may be taken off by suitable 
sliding contacts, B B', on the shaft and periphery respectively. In this 
arrangement the current flowing through the disc and external circuit will have 
no appreciable effect on the field magnet. 
But let us now suppose the disc to be subdivided spirally, as indicated by the 
full or dotted lines, Fig. 295. [Fig 8; ed. note] The difference of potential 
between a point on the shaft and a point on the periphery will remain 
unchanged, in sign as well as in amount... 

We note here that in AC induction motors, eddy currents have to be controlled by 
laminating the core to obtain a reasonable efficiency, which demonstrates the same 
principle. As the illustration shows, the dotted path of radial current generation is 
the preferred path of current that suffers the standard "back torque" and goes in the 
opposite direction to the rotation of the disk in a usually successful attempt to slow it 
sown. (My generator slowed down from hack torque rather well, to my disappoint- 
ment.) However, if the disk is subdivided in the solid line manner, the current 
generated will now enhance the magnetic field (since rotating currents generate 
magnetic fields). 

 

Figure 8. Spiral Disc Detailed. 

At this point I would like to propose that the etched disk for sale by Borderland 
Research Foundation, in the pattern of a golden mean spiral, may be an interesting 
unipolar generator for the Tesla experiment proposed. 
Of course, as Figure 8 shows, we may use an external spiral or coil encircling the 
disk to obtain a similar effect. Note the similarity between this drawing and the first 
one (from Scientific American) which is a model for the earth's core. 

Forbes Dynamo 
The Forbes dynamo is now discussed, from Figure 4, which seems to be simply a 
very efficient homopolar generator modified with two disks for higher voltage. For 
that example, Tesla proposes using the external coil but also a conductive belt, in 
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what turns out to be a very innovative idea for increasing conductivity and 
decreasing resistance of the dynamo. The current is thus extracted only from the 
shafts of both generators. 

... Instead of subdividing the disc or cylinder spirally, as indicated in Fig. 295, it 
is more convenient to interpose one or more turns between the disc and the 
contact ring on the periphery, as illustrated in Fig. 296. [Fig 8; ed. note] 
A Forbes dynamo may, for instance, be excited in such a manner. In the 
experience of the writer it has been found that instead of taking the current from 
two such discs by sliding contacts, as usual, a flexible conducting belt may be 
employed to advantage, The discs are in such case provided with large flanges, 
affording a very great contact surface. The belt should be made to bear on the 
flanges with spring pressure to take up the expansion. Several machines with 
belt contact were constructed by the writer two years ago, and worked 
satisfactorily; but for want of rime the work in that direction has been 
temporarily suspended. A number of features pointed out above have also been 
used by the writer in connection with some types of alternating current motors. 

Noting that his work on these generators has been suspended in the recent past, Tesla 
abruptly ends a most entertaining article unequalled in all of the homopolar 
literature. [Note: More information on Forbes and his dynamo can be found in 
Robert Belfield's article, Jour. IEEE, Sept. 1976, p.344.] 

 

Relative Motion 
In order to help some researchers distinguish between what they believe is true for 
the linear motion and what really happens on a rotating disk, I have included a 
couple of charts, not published previously. In Figure 9, we see the left hand column 
contains some major aspects of rectilinear motion taken from a classical physics text. 
On the right is my rotational analog to each of the same experiments, i.e., rotate the 
magnet (+) but not the meter (-) nor the disk(-), etc. Notice that the results are the 
same whether we rotate the magnet or not (to the best of our knowledge). 
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Figure 9. Comparison between linear and rotational motion. 

The only debatable part comes when we rotate the meter and the disk with or without 
the magnet rotating. Here if we ask about an "emf" or electromotive force, we know 
that here is one present (yes), or if we ask if there is a nonuniform charge density, we 
answer yes, but if we ask about "voltage", the reaction of a meter, in the rotating 
frame, we have to answer no. (I placed a small, specially designed voltmeter on the 
disc to test this unusual effect.) 
The Relativity Comparison Table is a comparison between linear and circular motion 
in a more theoretical fashion. Notice the many differences present for any rotating 
object. 

My $1000 Homopolar Generator 
When I came back, from California in 1980, after a trip exploring the $25,000 
generator that Bruce DePalma had built at the Sunburst Community (now called The 
Builders); I was determined to build one myself. This evolved into a Master's 
Degree project for the Physics Department at Buffalo's State University, Thanks to 
Erie Community College, I was able to test it at the school, in one of the labs. 
In Figure 10, we see the results of a typical run. At the top, the trial was performed 
with the circuit closed, generating about 380 Amps and the DC motor demanding 
266 Watts. Note the slowdown time here was about 0.57 minutes. Next, at the 
bottom, we see the test run with the circuit open, generating just voltage. Here the 
motor demand lessened to 249 Watts. Note the slowdown time is now longer (0.64 
minutes) showing less "resistance" with the lack of back torque. The last verification 
of this analysis is the comparison of generated power (about 25 Watts) and the 
difference in the motor demand (about 17 Watts in this case). They are about the 
same. 
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Figure 10. Current run charts for the $1000 generator. 

In Figure 11, we see the results of another trial. Here the generated power and the 
difference in the motor demand was even closer ~ less than 1 Watt between them. 
Quantitatively and qualitatively we see evidence for the existence of back torque in a 
one-piece Faraday generator. The output of the generator tended to be compensated 
by the increase in the motor demand for power from the batteries. 
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Figure 11. Additional run charts. 

We know that a decrease in resistance of the system, from 1 milliohm down to about 
1 microhm (recommended by Adam Trombly) would improve the performance. 
Also some of the design ideas of Tesla's would also contribute to a more 
self-sustaining generator. 
The last few figures show various pictures of my generator. They are the best photos 
of my large generator with 8" ceramic magnets. For more information, including a 
complete copy of the Trombly-Kahn patent application, I would recommend my 
book. The One-Piece Faraday Generator. 
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Figure 12. Homopolar generator - nonrotating. 

Background: Digital Frequency Counter, Oscilloscope, Power Supply for 
Circuit 
Foreground: DC Motor, 2 Variacs for Heaters, 3 Digital Voltmeters. 

 
Figure 13. Homopolar generator - front view exposing the General Electric 

2500 Ampere 50 millivolt current shunt. 
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F'igure 14. Homopolar generator with strip chart recorder shown on left. 

 
Figure 15. Homopolar generator - rotating. 

Square wave on Oscilloscope is the photocell circuit output. 
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Figure 16. Homopolar generator - Metal arm at top holds photocell close to 
rotating magnet assembly. A strip of aluminum foil has been attached at 
the top of the magnets, covering half of the circumference for reflection of 
light into photocell. 
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20      Glossary of Tesla Terms 

Excerpt adapted from "Project Insight: A Study of Tesla's Advanced Concepts," H. W. Jones, 
Proceedings of the Tesla Centennial Symposium, 1984 

Advanced Concepts - Those ideas which Tesla was known to have conceived and 
developed to some extent, but did not pursue to fruition because of lack of funding and 
laboratory facilities. The more dramatic of these concepts were: free energy, wireless 
transmission of energy, employment of scalar technology, non-Hertzian waves, the Tesla 
shield, the Tesla ray. 

Ball Lightning - A form of lightning in which a slow-moving, extremely high temperature 
sphere forms. Only rarely seen in nature, but producible by artificial means. Currently being 
used in the study of harnessing fusion energy for commercial use. See Robert Golka articles. 

DeBroglie Wave - The quantum mechanics wave associated with a particle of matter 
which can theoretically give rise to intra-atomic interference effects. In his speech accepting 
the Nobel Prize, DeBroglie emphasized that these waves are real and must not be regarded 
simply as mathematical oddities or conveniences. 

Electromagnetic Pulse (EMP) - A sharp pulse of energy and electromagnetic radiation 
occurring when an explosion occurs in an unsymmetrical envrionment. Tesla theorized that an 
EMP would result when two longitudinal scalar electrostatic potential wave patterns met and 
coupled into a flash of vector electromagnetic energy. See early Tom Bearden articles. 

Electromagnetic Theory (EM) - Conventional electrical theory currently taught in our 
educational system, mainly giving credit only to Hertz, Maxwell, and Faraday. Tesla's work 
challenged the adequacy of existing EM theory, as do many physicists today. EM theory is 
only good for "far field" EM waves, as only electrical engineering EM textbooks (e.g. Magid) 
will admit. The recommended physical perspective, is to ask whether we are within the "near 
field," i.e., within the first couple of wavelengths. In this region, a capacitively-created EM 
wave will still retain mainly electrical characteristics and can be stopped by a Faraday cage, 
however, a inductively-created EM wave still still retain mainly magnetic characteristics and 
go right through even the most expensive Faraday cage (made with Mu Metal) such as the 
quarter-million dollar one at Wright-Patterson AFB. Especially when dealing with extremely 
low frequency (ELF), most staunch EM theorists are stymied because we are always within 
the near field with ELF waves. See Thomas Phipps, Heretical Verities book. 

Electromagnetic Wave — A Hertzian wave. A wave that oscillates 
transversely rather than 
longitudinally, having electric (E) field and magnetic (B) field effects 
(each may be detected). If two sine waves are pictured, perpendicular 
to each other, one on the x-y plane (vertical) and the other on the x-z 
plane (horizontal), both traveling in the x-direction, the E-field will be 
designated by the x-y plane wave (if it is polarized light) and the B- 
field will be the x-z plane wave. Polaroid® sunglasses work because 
they only let the E-field light through if it is in the x-y plane, whereas any reflected glare will 
have the E-field oscillating in the x-z plane (which is horizontal). Non-Hertzian waves are not 
transverse and often occur because near field, distorted waves are created in the experiment. 



Energy - The capacity to do work, which is the result of a force moving a mass through a 
distance. Measured in "joules" it is the timeless version of power times time, such as kilowatt- 
hours (kWh), A energy conversion example is: 1 watt-hour = 3.4 British thermal unit (Btu), 
which is used as a measure of heat energy, See zero-point energy. 

Ether - (also aether) Simply stated, it is the same as the physical vacuum. This differs 
from the common understanding of empty space, since theorists regard the ether (and t h e  
physical vacuum) as having substance (and particles in negative energy states). With the 
Silvertooth experiments, now showing a preference of direction for the old Michelson-Morley 
type of experiment, the ether is coming back into vogue. Very compatible with Eastern 
mysticism. 

Free Energy - Energy which is free. Often confused with perpetual motion, free energy 
has three aspects; 1) no cost for input; 2) plentiful and inexhaustible; 3) one-time capital 
expenditure. Renewable energy is free energy, Zero point energy (ZPE) is also free and 
equated with the ether. A prophetic endorsement for free energy comes from Tesla's comment 
that "it is a mere question of time when men will succeed in attaching their machinery to the 
very wheelwork of nature."1 He implies, what was discovered years later, that in open 
systems, it appears that energy is not conserved (e.g. ZPE vacuum fluctuations), However, in 
closed systems, we know that the second law of thermodynamics and energy conservation 
laws apply. Compare with the physics definition G = H - TS where G is "Gibb's free energy," 
H is enthalpy, T is absolute temperature, and S is entropy. In words, free energy is the internal 
energy of a system minus the product of its temperature and its entropy. 

Gravity - The phenomenon characterized by the physical 
attraction of any two material 
bodies, defined as the product of the masses divided by the 
square of the distance between 
them. Today, physicists are surprised to find evidence of ' 
antigravity in the accelerated expansion of the distant 
galaxies (Science, Dec. 18, 1998) which was called "the 
breakthrough of the year." However, Tesla talked about 
controlling gravity many times. The fact that gravity is 
always attractive and never repulsive is a curiosity that 
physicists have always wondered about. The fact that 
gravity has to travel many times faster than light speed to 
prevent aberrations has caused a lot of commotion.2 

NASA recently tested the Allais & Saxl experiments 
during a solar eclipse, showing that there is a shielding 
effect from the moon when aligned.3 There are many 
accepted modalities for creating artificial gravity and 
antigravity with high energy electromagnetism.4 See 
book, Causality, Electromagnetic Induction and Gravity, 
by Dr. Oleg Jefimenko; Hunt for Zero Point by N. Cook 

1 Nikola Tesla, addressing the American Institute of Electrical Engineers, 1891 
2 Tom Van Flandern, "The Speed of Gravity - What the Experiments Say," Phys. Lett. A, 250, 
1998, 1-11; also in Future Energy: Proc. of COFE, 1999,IRI 
3 Saxl & Allais, "Observation of Periodic Phenomena with a Massive Torsion Pendulum," Report 
#702, Integrity Research Institute (IRI) 
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4 "Antigravity Report: Collection of Seminal Articles for Futurists," Report #707, IRI 
5 J.D. Jackson, Classical Electrodynamics, Second edition, J. Wiley Pub., 1975. P.222 
6 Ibid., p. 223 
7 Dr. Jack Dea, "Instantaneous Interactions," Proc. ITS, 1986, p.4-34 and Raymond 
Gelinas, "Curl-Free Vector Potential Effects," p. 4-43 
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Transverse Wave - A standard Hertzian EM vector wave which oscillates laterally, as 
contrasted with a Tesla electrostatic scalar wave which vibrates longitudinally. 

Vacuum - (See Ether.) A plenum which is filled 
with particles in negative energy states. Dr. Paul Dirac 
became a Nobel Prize winner for predicting the 
existence of the positron (antimatter electron with 
positive charge) after theorizing that under high 
voltage circumstances, and electron-positron pair can 
emerge, like magic, from the vacuum and go off in 
opposite directions, Such experiments (shown here 
with cloud chamber picture) have verified the vacuum 
is teaming with activity. See zero-point energy. 

Vector - A force or field that has magnitude and 
direction, compared with scalar fields. EM waves are 
vector fields and contain momentum. 

Wardenclyffe - Name of the first transmission tower in the world, erected 1901-3 in 
Shoreham, NY by Tesla which rose to a height of 187 feet, The Tesla Wardenclyffe Project, 
Inc. is a firm dedicated to recovering the property for a commemorative site. Contact CEO, 
Gary Petersen, POB 2001, Breckenridge, CO 80424 

Zero-Point Energy - The energy of the vacuum that is sustained even at zero absolute 
temperature and no air (complete vacuum). This is the "very wheelwork of nature" and even 
implicated in the antigravity effect seen on the acceleration of distant galaxies (Science, Dec, 
1998) The Casimir effect, experimentally verified, shows that virtual particles, as they emerge 
from the vacuum, also exert a measurable force, Zero-point energy (ZPE) has so many 
unusual characteristics that it forms the most intriguing field of study in physics today. It is 
predicted that, since the ZPE Casimir force already exhibits perpetual wavy motion already in 
nanotechnology (endless oscillations of nanostructures under tensile stress), we may soon see 
a revolution in energy production that is fuelless, as Tesla predicted. Recently a vacuum 
energy transducer was theoretically designed to contain a complete engine cycle with 
electrical output. "Free energy" was also a phrase used by the JPL scientist, Dr. Pinto, in the 
abstract of his corresponding journal article.9 See M. King books, Tapping the Zero Point 
Energy and Quest for Zero Point Energy or "Zero Point Energy and the Future" Report #822. 
IRI. 

Further research information on all of the above-mentioned topics is available from the free 
Future Energy newsletter and catalog from Integrity Research Institute, 202-452-7674 or 800 
295-7674 

8 Gu Hai-Cheng, et al., "Influence of Combination of Casimir Force and Residual Stress 
on the Behaviour of Micro- and Nano-Electromechanical Systems," Chinese Phys. Lett. 
June, 2002, p.832 
9 F. Pinto, "Engine cycle of an optically controlled vacuum energy transducer," Physical 
Review B, 60 (21) 14740, Dec. 1, 1999 
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