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Introduction

For a sciantist, Tesla was a pralific but abstruse
and poetic writer. He left behind a considerable vol-
ume of technical and enigmatic descriptive writ-
ings, lectures, patents, articles and newspaper in-
tarviews. Additionally his Colorado Springs diary
and his Long Island notes provide & showcase
through which the wealth of his creative mind may
be viewsd from our present technological perspec-
tive, Such remarkable situations rarely  present
themselves with such prolific documentation to fu-
ture generations. In reading the Colorade Springs
and Long Island notes, one feels as though he has
just blown sway the dust of the years and opened
the diaries of Calumbus or Davinci. Befare 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 enginger can certainly empathize with the
exciternent deseribed by Carter as he peered
through the chink in the wall of an Egyptian tomb
and saw before him the treasures of Tutankhamen.
What we musl ascertain, however, is whether
Teslas words, unlike Tutankahamen's trinkets, are of
any practical walue 1o the scientific community
taday. Certainly they do reflect how he thought and
interpreted his experiments and how his physical
concepts led him o meke the remarkable state-
ments  published subsequent 1o his Colorado
Springs experimants.

The fact that in addition to his Colorado Springs
Diary, we also have the associated patent wrap-
pers, special articles and later recollections, is of
great importance. Any interpretation or speculation
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made today about his experiments must not only
be imternally consistent with these documents, but
must also cement them together. This we take a5 a
first requirernant on speculaticn.

Additionally, as a second requirement, such con-
jpcture must be made within the bounds of ac-
cepted and verifiable physical principles, Tesla was,
apparently, exparimeanting with potantials in excess
of 12 MY, Mot unlike Columbus, he was seiling in
uncharted seas. The possiblity of  "pecular
physics” notwithstanding, oul efforts have been 1o
atternpt to discuss Teslz within the framework of
modern electrical theory. Whether the experimental
results of Tesla were, in fact, near-field induction
coupling, or perhaps Schumann resonance excita-
tion fas we believe), or some sort of magnetos-
pheric stimulation, or even some peculiar presently
wel unknown physical phenomenon-the fact re-
maing, & significant portion of his apparatus was
constructed of wire, capacilors, spark gaps, and
tuned circuits. It ought to be comprehansible in its
intent and physical operation. That he got high vol-
tage RF from his circuits is clearly understandable.
It follows from a straightforssard network analysis,
How he obtained the incredible ELF results which
he subsequently claimed, howewver, is the chasm 1o
be bridged.

Issues To Be Resolved

Because of his repeated insistance on terrestrial
extra low frequency resonances, it doss not seem
unreasonable 1o hypothesize that Tesls's experi-
ments were actually carried oul at this end of the
electromagnetic spectrum. However, his indoor Col-
orado Springs apparatus clearly operated im the
range of 30 KHz w 100 KHz, and the tower de-
scribed in his diary was only 145 feet high. (Ref. 1)
With such an electrically short 1ower there could be
no radiation at ELFE But, on the other hand, if it
was mersly a waveguide or cavity resonator probe,
ong would expect itz radiation resistance 1o De
zero, The radiation resistance of &8 cavity resonator
probe is zero because the resonator fields are
purely relative,

It has been observed that the photographs of the
Colorado Springs laboratory offer no clue as 1o
how one might generate ELF energy. There is an
gven more fundamental issue 1o be resolved, how-
gver. The excitation of Schumann resonances by



means of a vertical probe reguires 8 considerable
current moment. The question ig, “Even if Tesla
successfully generated ELF wgltages, how did he
ever get significant ELF currents to flaw on the ver-
sical structure?” [Ref. 2} One could not just connect
an ELF source onto the base af a 45 meter Lower:
the feedpoint capacitive reaclance would be 50
large that na current would flaw. ¥et Tesla main-
tained on several occassions tht his “antenna’ cur-
rant was well in excess of 1000 amperes! [By the
wary, there is & similar issure to ne resolved for the
recepticn of power. The Thewvanin pauivalent of &
varlical receiving antenna may have a substantial
EMF. However the series capacitive reactance of
varticgl tower at ELF will areclude substantive
power transfer in the sinusoidal steady state.)
Lastly, we mantion the curious inscription in

Tesla's own handwriting along the side of a now
famous photograph of the Coloredo  Springs
Laboratary,

“Exparimental Station fully developed. Activ-

ity | power deliveryl one hundred thausand

horsepower” (Ret. 3
How could he possibly deliver 746 megawatis?
The B0 Hz power mains 1o the laboratory Were -
srated at 1 KV, but his Westinghkousa transfarmer
was only rated at around 40 Ko,

in the remainder of this article, we wish to

speculate on how these issues could he resolved
within the bounds of consistancy with the histori-
cal documents mentioned above. The reader will
have to judge whether we have successfully met
the sscand requirement — that of canjecture based

on acceplable physics.

Tesla's Descriptions of His Oscillator

Tesla described his electrical ascillator on many
pecasions and inmay different places. U is clear
ithat, as early as 1883, he was considering 1erres:
trial resanancies;

“lf aver we can ascertain al what pericd the
parth's charge, when disturbed, pscillates . - -
we shall know a fact possibly of the griatest
impartance 1o the welfare of the human race
.. | propose to search for the pericd by
means af an electrical ascillator.” (Rel. 4]

In the years betwaen 1ga3 and 1900, he de-
veloped the coupled unad transformer (or Tesla
Coil), published the results of his exiensive BHpEri-
ments with x-rays, cantributed 1o the ponceplusl
development of cosmic ray, patented a variely of
eircuit controllers  (rotary spark gaps and was
sought out by members af tha scientific and social-
ite communities, both of which he continued 10
dazzle with nis lataest alectrical discoveries. These
werg the golden years of his professional career,
and they found & focal point in his experimeants at
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Colorade Springs. It is here, where he finally wa:
able to assemble the apparatus which, he main
tained to his dying day, permitted him to ascertai
terrestrial natural resgnant freéquencies,

Im 1900, he disclosed that this apparatus coul
be operated in a variety of configurations to per
form many differant types of desired functions:

“Thus a transformer or induction coil an ney
principles was evolved, whicn | have calle
‘the elactrical oscillator’ . .. the essential part
af which arg shown in Fig. 6 (P. 188). For cer
tain purposes a strong inductive affect 15 ré
guired; for others the greatest possikle suc
denness: for others again, an exceptionall
high rate of wibration or extrame pressure
while far sertain ather abjects immense &l

trical movements are necessary .. | have pro
duced electrical movements ccouring at th
rate of ane hundred  thousand  nors

power. .. " |Ref. 5]
By the way, the “agsantial parts”™ shown in th
photograph referred o appear to be his Wasting
house transformer, a rolary break, & capacitor bar
and a circular fence upen which the secangary wi
wound,

Perhaps the most curious of all his descriptiar
aof the terrestrial resonance pocillatar was pu
lished in 1819:

“It s g resanant transformer with 3 sacanda
in which the parts, charged to & high pote
tial. are of considerable area and arranged
space along ideal enveloping surfaces of ve
large radii of curvature, and at proper d
tapces from one another thereby insuring
small electric surface density evarywhere
that na leak can occur even if the conductar
bar. It is suitable for any frequency from
few 1o many thousands of cycles per secor
and can be used in the production of currel
of rremendous volume and maderate o
sure or of smaller amperage and immer
electromotive force. The maximum  elect
iension is merely dependent upan the cur
ture of the surfaces on which the charge e
ments are situated and the area of the latte

Judging from my past gxperience, as mi
as 100,000,000 volts are perfectly practica:
On the other hand, currents of many th
sands of amperas may De obtained in the
tenna ... the Hertz-wave radiation is an
trely negligible quantity 35 compared v
the wholeg energy ... an enormaous charg:
storad in the elevatad capacity. Such a cir
may then be excited with impulses of
kind, even of low frequancy and it will ¥
sinusoidal and continugus pecillations
those of an altarnalor.



it is a resonant transformer .. .accu-
rately proporticned to fit the globe and itz
glectrical constants and properties, by virtue
of which design it becomes highly efficient
and effective in wirgless transmission of
energy.” {Ref. &)
What we are 1o make of this? Based upon the avail-
able electrical output of his extra coil and the re-
ports of spark lengths measured 100 meters away
from the Colorado Springs Laboratory, we esti-
mate that the charge stored in the elevaied capa-
city was probably on the arder of 20 millicoulomibs,
But how was this 1o be used 1o excite terrestrial re-
sonancesf The apparatus so furtively described in
1812 is probably a near relative of that for which
he sought protection by a patent application in
1802, and which subsequently issued at the close
of 1914, (Ref. 7] :

Directed Energy Devices

We believe that the evolution of these ideas con-
tinued to be a central activity of Tesla's later years.
it iz merely our opinion, but we find it difficult to
accept the sanility hypothesis concerning his moti-
vation to reach for the goals of thase final years. It
seems probable that the apparatus which 80 con-
cerned his thoughts at this time, not only was a
successive conceptual developmeant of his prior os-
cillators, but any credible knowledge gained about
these later structures would probably throw light
on the ocperation of the earlier eguipment — Mg
matter how imprabable his final research might
have been. We believe that Tesla's surprisingly de-
tailed 1934 analysis of Yan de Graafls (then) new
maching, publizhed in Scientific Amercan, lends
support 1o the hypothesis that he ws still techni-
cally alert and deeply engaged in high voltage re-
search. |Ref. 8) Perhaps we are not being specific
enough for the reader. The apparatus which
Tesla's final disclosures concerned has come to be
known as the "Death Ray”™. Whether there be any
actual merit 1o such contraptions, we leave for
others to speculate upon, Qur interest in Tesla's
thoughts on "directed energy devices™ rest upon
the proposition that they might shed light upon his
terrestrial resonance ascillator, In 1927, Teslz said,
*More than twenty five vears ago my efforis

1o transmit large amounts of power through

the atmosphere resulted in the invention of
great promise, which has since been called

the "Death Ray”, ... The underlying idea was

to render the air conducting by suitable
ionizeing radiations and to convey high ten-
sion currents along the path of the rayvs. Ex-
periments conducted on a large scale showed

that with pressures of many millions of volis
wirtually unlimited guantities of energy can be
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projected to a small

hundred feer . . " (Ref. 9)
From a wvariety of published references, spanning
the years from 1934-1840, we gather that Tesla en-
visioned a machine which reguired the cooperative
action of four separate entities. Again, aur interest
is not in the feasibility of such an apparatus, but
rather in how he thought such a device was 1o
work, and what, it any, light it might shed on his
terrestrial resonance oscillator experiments, The
four elements specified by Tesla are as Tollows:

1. "A Method and an Apparatus for produc-
ing rays and manifestations of energy in
free air {eliminating the necessity of the
usually required vacuum tubes).”

distance, as a few

2. "A Process and an Apparatus for produc-
ing very great electrical force (50 MY} This
i%  necessary o power  the  first
rmachanism.”

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

4. A new method for producing a tremen-
dous repelling force.”
It is, perhaps, not unremarkable that these compa-
nents are guite similar to the description provided
by John G. Trump, when he examinad Tesla's es-
tate. He described the “Death Ray”™ as
“An electrostatic method of producing high
voltage, capable of very greal power ... As a
companent of this apparatus there is an apen
end vacuum tube ... & beam of high energy
electrons is the ... means by which energy is
transmitted through natural media.” [Ref. 10]
It should parenthetically be remarked that Tesla
explicitly denied that his apparatus was a "Ray".
“...this inwention of mine does not con
template the use of any so called “death
rays". Rays are not applhcable because they
cannotl be produced in requisite quantities
and diminish rapidly in intensity with distance
. My apparatus projects particles ... (Ref.
111
We started out discussing electrical oscillators and
now find aurselves confronted with “direct energy
devices”. Perhaps this is not surprising when we
phserve that Tesla's sarly x-ray researches in-
valved 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, 18587,
Tesla wrote at least 10 artieles abouwl s ®-ray ex
periments, There is an explanation for the develop-
ment of 8 single slectrode tube in the March 117,
1896 issue of Electrical Review, Tesla saw that in



arder to attain the most intense effects, ane should
use the greatest voltages available.
“Clearly, if we put two electrodes in a bulb, or
use ane inside and another outside electrode,
we limit the potential ... Thus, te secure the
result aimed at, aneg /g driven to the accep-
tance of a single electrode bulb, the other ter-
minal being as far remote as possible.” [Ret
12}
Tesla later hinted at the manner in which the tube
was gxcited:
* __in (1896} | brought out & new form of
vacuum tube capable of being charged to any
desired potential and operated it with effec-
tive pressures of 4,000,000 valts. {Hef. 13)
And in a 1913 newpaper interview, Tesla said:
“fg far back as 1897, | disclosed before the
“Wew York Academy of Sciences the discovery
that Foanigen, or x-rays projectad from cer-
tain bulbs have the properly of strongly
charging an electrical condenser at a distance.
The snergy so accumulated readily can De
discharged.” (Ref. 14)
We know today, of course, that x-rays are high
energy photons and have neither rest mass nor
gharge. The question before us, however, in, “How
might these single electrode tubes produce  x-
rays:s"

Irn a standard x-ray tube of the Coolidge type, a
heated filament provides electrons which are then
accelerared and strike an ancde target. I an AC
supply is gmploved, x-ray emission Oociurs cnly
during the positive half cycle. However, Tesla's
tube had only one slectrode. We hypothesize that
the tube's aperatian probably depended upon the
quantum mechanical phenamenon of High Field
Emissicrn. Dne might suppese that during half of
the RF high wvaltage oyeole field ammission could
possibly occur into the region of the high vacuum
alongated bulb, and on the positive half cycle the
cloud aof electrons might be swept back into the
“plain polished surface on the front side of a
hemispharical aluminum electrade”, with an ensu-
ing emission of hard x-rays. This Is only a
hypothesis and certainly its acceptability nesds 1o
be clasely examined.

There is evidence that, during the course of his
Mew Yark city experiments, Tesla took 1o sur-
rounding these tubes with an insulated shield in
order to reduce carona losses. He called this "sta-
tic screening”. The configuration is quite similar 1o
that discussed in the Colorado Springs notes an
June &, 1893,

“Arrangements with single terminal tube far
production of powerful rays. There being
practically no limit to the power of an oscil-
latar, it is now the problem 1o wark out a

tube s that it can stand any desired pressure
. The best rasults will probably be obtained
in the end by static screening of the vulnera-
ble parts of the tube. This idea was ex-
perimented on in a number of ways ... In
gach case there would be an insulated body
of capacity s0 arranged that streamers cannat
manifest themselves, The capacity would be
guch as to bring about maximum rise of
g.m.f. om the free terminal.” (Ref. 1581
The associated figure shown in the diary entrance
indicates a (squaral) container with the comments,
“Metallic Enclosure but inswlated so that ob-
garvers can stap inside.” (Ref. 15)
Little more can be inferred from the diary about x-
ray experiments until November 23, 1893, Finally,
on January 2, 1900, Tesla stales,
“ .. my canviction 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 tak-
ing up any amount of energy. .. Many tubes
have been worked here from the secondary.”
{Ref, 16
In a later imterview, Tesla said, concerning the Col-
orado Springs expariments,
“At the time of those tests, | succeeded in
producing the most powerful x-rays ever
geen. | 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 fluoros-
eooe screen ... | now have apparatus de-
gigned whereby this tremendous enargy afl
hundreds of kilowatts can be successfully
transformed inta x-ravs” [Ref. 171
What was he doing with these x-rays? In light of
the comments by Tesla regarding charge transfer
by x-rays, it does not seem unreasanable to
hypothesize that a small aperture in the conducting
enclosure would permit the emission of =-rays 1o
the exteriar region, causing x-ray photoionization
af the atmaosphere near the enclosure, these ions
providing a short conducting discharge path far
the charged “insulated body of capacity ™. It is clear
from Reference 13, that Tesla was observing “co-
ranal discharges” exterior to his single electrods
tubes. This process could clearly be employed 1o
instantaneously lower the disruptive potential of
an isolated spherical capacitor, and to initiale 3
discharge inta the air or to a nearby isolated elec-
trode at a lower potential than the given sphere.
Ferhaps it is nat surprising that this process has
been of recent interest in w-ray and UV-laser
triggered switching of high voltages. The latter
neing particularly interesting because capacitances
charged into the megovolt range can be triggered
with nano second switching delays and with sub-



nanosecond jitter.

On January 4, 1900, Tesla exparimented with a
ball on the top of the extra ooil, ™. .. very brilliant
and thick sparks passing from the ball to the hood
above™. Tesla continuad that the discharge was
“highly sensitive® to, among other things,
“*Roentgen rays”, I3 it possible that Tesla was
employing x-rays as a switching mechanism to
statically charge his tower? The tower appears LD
be an “elevated insulated body of capacity™, This,
we hypothesize, is the x-ray charging mechanism
which Tesla sought to protect in his twao LS. Pa-
tent disclosures Mo, 685,957 and Mo, 685,968,

The X-Ray Patents

In March of 1201, Tesla filed two patent applica-
tions cancerning 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 dis-
charging and “elevated insulated body of capaci-
tance”

Consider, for example, an isolated sphere. Such
a body may be charged to a certain electrical po-
tential with respect to a zero potential reference,
taken as infinitely distant. In such a system the
spherical conductor may be charged to a cartain
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 disrup-
tive potential, in valts, for a sphere at sea level
could be zpproximately calculated as 7,540,000 R,
where B is the radius of the sphere in meters.
Tesla, in fact, reported that he kept & wariety of
spheres around to use both as capacilors and in
order to estimate the voltages used in his axperi-
ments.

A practical farm of high voltage capacitor may
be constructed by elevating an insulated spherical
conductor abowve the surface of the earth. It is an
elementary problem in electromagnetics to calou-
late the field and capacitance of such a charged
gyetermn. In this configuration the “capacitor” effec-
tively has “true ground” as one terminal, and the
conducting spherical ball itself forms the second
"armature” or terminal of the distibuted capacitor.
This form of capacitar may be charged up by bod-
ily conveying charge of one sign to the elevated
sphere. Alternatively, it may be discharged simply
by bringing the grounded conductor close encugh
to the sphere for arcing 1o ocour.

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

“It is weall knawn that certain radiations such
as ... Acentgen rays . .. possess the property

of ... discharging conductors . .. They onize
or render canducting the atmosphere through
which they are propagated ... (they) may at
any rate discharge an electrified conductor . ..
by carrving off bodily its charge ... When
rays of the above kind are permitted to fall
vpon an insulated conducted body connected
to one of the terminals of a condenser ... a
current flows inte the condenser ., . an indefi-
nite accumulation of electrical energy in the
condenser takes place. This energy after a
suitable time interval, during which the rays
arg allowed to act, may manifest iself 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 slectrification when discharging
instantaneously the zbove precautions
should be more rigoroushy  abserved the
slower the rate of charging and the smaller
the time interval during which the energy s
allowed ta acscurnulate in the condenser ... A
simple way of supplying ... electricity is to
oonnect . o oan insulated conductar Sup-
ported at some height in the atmosphere ... |
usually connect the second terminal of the
condensar to ground ... in order o utilize ., .,
the energy accumulated in the condenser, |
furtharmore connect to the terminals of the
sama . .. another instrument or device for al-
termately closing and opening the circuit .. . If
the dewvice . .. be of such character that it will
aperate o close the circuit ... when he po-
tential in the condenser has reached a certain
magnitude, the accumulated charge will pass
through the circuit The controller may
consist of two lixed electrodes separated by a
minute air gap ... which breaks down moare
ar less suddenby when a definite difference of
potential is reached at the terminals of the
condenser and returns o its orginal state
upon the passage of the discharge.” (Ref. 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 ocne terminal K, generally of aluminum, in
the form of a2 hallf sphere, with 3 plain
palished surface on the front side from which
the streams are throwen off. It may be excited
by attaching it to one of the terminals of any
gonerator of sufficiently high electromaotive
force,.” (Ref, 18]
Tesla continues, describing the operation of the
Apparatus,
“The ... discharge circuit connected to the



terminals . . . of the condenser includes in this
case ... 4 circuit controller comprising a fixed
terminal or break ... and 3 movable tarminal
ir the shape of a wheel, with conducting
and insulating segments, which may be ro-
tated at an arbitrary speed by any suitable
means ... When the tube ... is excited ...
streams of matter convey a  positive
charge ta ... the condenser terminal ... This
results as before explained in an accumula-
ticn 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
stared energy is discharged ... The source
may be any form of Roentgen or Lenard tube;
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 prepanderantly of one sign. If ardinary
symmetrical alternating currents are
emploved, provision should be made for al-
lowing the rays to fall upon the (condensar]
plate only during those periods when they are
productive of the desired result.” [Ref. 18)
What we make of this is that Tesla is describing a
technigque to take the high voltage AF output of the
secondary and use it to charge up an "elevated in-
sulated body of capacitance”™ — in @ssence, an
open air switch or diode rectifier. After charging
the capacitor, at AF rates, he subsequently dis-
charges the capacitor, at relatively low pulse repet-
ition frequencies (PRFs), for example at perhaps G
or 8 discharges per second-or any other that he
might desire. Tha compéanion patent i5 also in-
teresting. (Ref. 19]
It is also somewhat revealing that Tesla said in
his Van de Graaf article in 1334 that,
“My wireless tower on Long Island erected in
1902, carried a sphere which had & diameter
of 67.5 feet It was to be charged to
30,000,000 volts by a simple device for sup-
plying static electricity and power.” (Ref. 8)
After anglyzing the Van de Graaf maching he con-
cedes that it produces large static voltages but
eoncludes that its power performance is trifling —
the rate of charge delivery to spherical electrode
being on the order of a few tens of milliamperas.
vaz far back as 1899, | made axperiments
with 18,000,000 vaolts and in some tests | was
zble to pass a current of 1100 amperes
through the air. With my translcrmers a po-
tential difference of 30,000,000 valts, or more,
could easily be cbtained and in the present
state of the technical arts a tube or other de-
vice capable of taking up very great energy
might ke manufactured.” {Ref. 8)

By the way, diary schematic diagrams noi-
withstanding, it is evident that neither the elevated
tower at Calorado Springs nor the 67.5 foat diame-
ter sphere on the tower at Wardencylffe were glec-
trically connected to the extra coil when in opera-
tion. This is also borne out by the Long lsland
notes of May 29, 1901, where Tesla shows an ele-
vated insulated body of capacitance being charged
through space from & ball on the top of an extra
coil. The spacing between these elements is shown
ta be a contrellable distance — perhaps this was
the purpose for the steam elevated shaft at the
centar of the Wardenchyffe tower. The geomeiry is
nal unlike that shawn in Figure 5 of Reference 20,
[t iz well known that drawn out electrical dis-
charges will effect rectification much as a peint to
plane discharge, However, the process is usually
corsidersd too nefficient.

An ELF Generator

Whatewer the rectification  mechanism  mignt
have been one might  hypothesize an ELF
genaratar which employs the charging mechanism
just discussed. Such a charging technigue could
have been used to electrostatically charge  the
power with “small” pulses of charge ococurding on
the positive half cycles of the RF coil oscillations.
This would build up the static charge af the tower
to some large Q at a very high OC voltage. (When
discussing the upper hood configuration an MNow.
28, 1899, Tesla said,

"This arrangement permitted the charging of
the pele sasily up e a million volts.” (Ref. 21
if Tesla ware to discherge 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 Soen-
tific Amearican;
" . Under proper conditions, it is possible o
discharge spheres in a time interval incom-
parably shorter than consumed in charging
them, and so amplify enormously the inten-
gity of the action.” (Ref. 8)
That is W& 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
millisecend. In both cases the average power is
KW, but the peak power during the discharge ac-
tivity would be about 100,000 HF.

As zarly 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 pulse re-
pefition rate, and thaen rapidly discharged but at a



low pulse repetition rate.

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

“When the condensers are charged to 2 cer-
tain potential, air gives way and a disruptive
discharge occurs, There is then a sudden rush
of current and generally a large portion of ac-
cumulated electrical energy spends itself. The
condensers are thereupan quickly charged
and the same process s repeated in rapid
succession ... It is evident that it the rate at
which the energy iz dissipated by the dis-
charge is very much greaster than the rafe of
supply to the condensers, the sudden rushes
will be cormparatively few, with long time in-
tervals betwesn, This always occurs when a
condenser of considerable capacity is charged
by means of a comparatively small machine.™
[Ref. 22)

Several paragraphs later, Tesla continues the de-

seription with a hydromechanical cecillator analagy:
“ ... Imagine a tank with a wide opening at
the bottom, which is kep! closed by spring
pressure, but 5o that it snaps off suddenly
when the liguid in the tank has reachad a car-
tain height. Let the fluid be supplied 1o the
tank by means of & pipe feeding at & cartain
rate. When the critical height of the liguid iz
reached, the spring gives way and the bottom
of the tank drops out. Instantly the hiquid 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.” (Ref.
23)
Thus it appears that Tesla had conceived of a
technique for obtaining large discharge currents
with contralled pulsse repsiition frequencies. The
vertical discharge current would produce a vertical
current of moment Idi. This signal, we hypothesize,
could be controlled at an appropriate pulse repeti-
tion freguency for Schumann Cavity escitation, The
c-:unrnz'-ller, as described in Tesla's patents gquoted
abowve could either be "operated by a given rise of
potential in the condenser”™ (Effectively an ELF rela-
wation oscillator) or “by the rotation of the wheel”
(break devicel.

In spite of the fact that owur hypothetical ELF
generatar has some merit for satisfying the inter-
nal consistency hypothesis which we stated earlier
a5 @ ground rule, s acceptability must be meas-
ured against the second requirement of sound
physics Tesla said that he got over 1000 amperes
in his “antenna”. Schumann's solution is in the
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sinusoidal steady state and even 1000 amperes in
a 4% meter tower would seem 1o make possible rel-
atively weak global field strengths, We have taken
up this issue in another research document now in
preparation for publication.

[Imnterestingly, howewver, if one loocks at this
hypothetical ELF generator 25 a fundamental form
of the “switched capacitor” devices now of such
great intarest, the switched charge AQ = C AW
Ower a period which iz much larger than the
switching period T, the charge may be assumed
e be quasicontinuous so that an equivalent cur-
rent flow is equal to AQ divided by T* The equiva-
lent resistor is Tdivided by C. [Ref. 24) The appli-
cation of the theory, however requires careful at-
ention in Tesla's case if damped waves are as-
sumead at the RF output of the exira coil.)

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

"Such a circull may then be excited with im-
pulses of any kind, even low frequency and it
{the magnifying transmitter] will wvield sinu-
soidal and continuous oscillations like those
af any alternatar.” (Ref. &)
If our conjecture has any substance in fact, then
the tuned circuit of his magnifying transmitter was
the whaole earth-ionosphere cavity resanator!

Corona Effects
There is cne other cbservation to make about
hiz "Magnitying Transmitter” and thai is that its
upper regions were engulfed in a coronal glow. In
Colorado Springs and at Wardenclyffe he em-
ploved hoods 1o reduce corona. At Wardenclhyffe,
he had apparently planned to employ inverted
hemispherical bowls 1o cover the spherical ball
with, Im 1227, he szaid that "the underlying princi-
pal® and the “practical significance”™ of his 1914
patent (Ref, 7) was a technigue "for confining the
highest tensive flow to the conduciors”. He stated
that the idea was 1o construct a conduclor.
“... 80 that its cuter surface has itself a large
radius of curvature, or is composed of sepa-
rate parts which, irrespective of their own cur-
valure, are arranged in proximity o one
ancther and an an ideal enveloping symmet-
rical surface of large radius. These parts may
ke in the shape of shells, hoods, discs, cylin-
ders ar strands . . ." (Retf. 25|
We take it that the role of all the hemisgherical
shells in the 1914 patent was perhaps to physically
bring about a more uniferm distribution of charge
over the spherg 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 oF |ess caus-



ing a uniform charge distribution over the effective
area of the sphere, and raising its disruptive poten-
tial to the maximum possible value, This would
mean that a given size ball on a support could be
charged o a greater maximum woltage.

Speaking of corona, we should also point out
anather curous feature of the Colorado Springs
experiments.

From the patent wrappers associated with WS,
Patent #B645576, it is apparent that Tesla included
a remarkable description of a rather exiensive
corena sphere surraunding his “elevated and insu-
lated”  anitenna  terminal,  sometime  before
Movermber 25, 1899, (See Ref. 26

. a conductor or terminal, to which ime-
pulses such as those here considered are
supplied, but which is otherwise insulated in
space and is remote from any coenducting
hadies, is surrcunded Dy & luminaus, flame-
like brush or discharge, often cowvering many
hundreds  or aven as much as several
thousands of square feet of surface ... This
influence is not confined to that portion of the
atmosphere which iz dizscernible by the eye as
luminous and which, as has been the case in
some instances actually abserved, may fill the
space within & spheancal or cylindrical en-
velope of a diameter of sixty feet or more, but
reaches out to far remotle regions, the insulat-
ing qualities of the air being, as | have ascer-
taired, still sensibly impaired at a distance of
many hundred times that through which the
luminous discharge projects from the termi-
nal, and in all probability, much further.. .. |
have roticed that this region of decidedly
noticeable influence continuausly enlarges as
time goes on ... in some instances the area
covered by the flame-discharge mentioned,
was enlarged maore than six-fold by an aug-
mentation of the electrical pressure amaount-
ing scarcely to more than 50%.7 (Ref. 27)

Tesla apparently observed a corona sphere in
pwcess of sixly feet in diamter. The space charge
distribution apparently was due o the extremely
high static or DC veltage on the elevated electrode.
We conjecture that bath its mode of production
and its use were as gutlined abowve.

The Tesla Tower

During the mid 1930°s, Tesla's work on a defense
weapan apparently went so far as to be actually
considered for construction, From files at the Tesla
Museum, it is apparent that Tesla had several "ar-
st conceptions” made of a3 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 3
10 meter diameter sphere (covered with hemis-
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pherical shells as in the 1914 patentl. The sketches
were prepared by one Tius De Bobula of Mew
York City, There is alse correspondence with the
Aloga Aluminum Company between July 29 1o
September 24 of 1935, concerning fabrication, the
last letter in essence saving that Alcoa was ready
to start a5 soon as Tesla advanced the funds.,

Whethar the project would bave been another
disaster or not, we have no idea. Since we have al-
ready gone this far cut on a limb of speculation,
permit us to conjecture what Tesla might have had
in mind. We listed the four components that Tesla
maintained were essantial. With the first, one
might associate the Method (Fatent #E85,958] and
Apparatus |#685,857) for producing =-rays and
providing rectification, With the second, one might
associate the Process [#645576] and the Ap-
paratus (#648,621) for producing high voltage RF
— j.g. the Tesla Coil patents. Certainly Tesla pow-
ered his x-ray wbes from the top of Tesla Ceils.

These four components are mentioned in at least
four references during 1934 — a time when he was
thinking and writing about the Van de Graaff
maching. Perhaps it is not surprising 1o find the
same language as appears above in component
three also appearing in Reference 3.

“ .. under praoper conditions, it is possible to
discharge spheres in a time interval incam-
parably shorter than consumed in charging
tham and sa amplify enormously the intensity
of the action.” (Aef. B
Certainly, as painted out abowve, this would be con-
sistent with the second iterm.

To guess what the fourth component is would
be shooting in the dark. However, et us go even
further aut an the limb and suggest that Tesla was
perhaps employing a technigque to rapidly lower
the disruptive potential of & statically charged ele-
vated electrode. As is evidenced by the diary entr-
ance of June & 1899, Tesla had already ex-
perimented along these lines. For example, sup-
pose that ane had a charged, insulated spherical
shell in  static equilibrium, and then rapidly
punctured the shell with a very slender highly con-
ducting track or path. {Cr equivalently, intreduced
a charge of like sign immediately external to the
sphere.) The queastion o be answered is, “Would a
37 foot diametar sphere charged to 50 MV produce
sufficiant repelling force for the contemplated
weapon?” This  guestion  ¢an  probably b
answeared, but we have not yvet performed the cal-
culation, The answer might be ng,

Final Comments
We have gone well beyond the bounds of propri-
ety in our speculations. However, we believe that
considarable light may have been thrown upon the



intert and operation of Tesla's terrestrial reso-
nance oscillator, If we have been able to provoke
the reader to probe more deeply into Tesla’s re-
search, then we feel that we have attained soma
degree of success.

Lastly, no matter what the results or scientific
merit of our research, whether every speculation
be falze 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 gentlaman, whom we honor at
this Centennial Sy mposium,
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