By NIKOLA TESLA

Written Exclusively for The Electrical Experimenter

VER since the announcement of
Maxwell’'s electro-magnetic theory
scientific investigators all the world
over had been bent on its experi-
mental verification. They were con-
vinced that it would be done and lived in
an atmosphere of eager expectancy, un-
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usually favorable to the reception of any
evidence to this end. No wonder then that
the publication of Dr. Heinrich Hertz's re-
sults caused a thrill as had scarcely ever
been experienced before. At that

proved appliances. Similar phenomena were
noted, greatly magnified in intensity, but
they were susceptible of a different and
more plausible explanation. 1 considered
this so important that in 1892 1 went to
Bonn, Germany, to confer with Dr, Hertz
in regard to my observations. He seemed
disappointed to such a degree that I re-
gretted my trip and parted from him sor-
rowfully.  During the succeeding years I
made numerous experiments with the same
object, but the results were uniformly nega-
tive. In 1900, however, after I had evolved
a wireless transmitter which enabled me
to obtain electro-magnetic activities of many
millions of horse-power, I made a last des-
perate attempt to prove that the disturb-
ances emanating from the oscillator were
ether vibrations akin to those of light, but
met again with utter failure. For more than
eighteen years I have been reading treat-
ises, reports of scientific transactions, and
articles on Hertz-wave telegraphy, to keep
myself informed, but they have always im-
prest me like works of fiction.

The history of science shows that theo-
ries are perishable. With every new truth
that is revealed we get a better under-
standing of Nature and our conceptions
and views are modified, Dr. Hertz did not
discover a new principle. He merely gave
material support to a hypothesis which had

application of these radiations for the pur-
pose was quite obvious. When Dr. Hertz
was asked whether such a system would
be of practical value, he did not think so,
and he was correct in his forecast. The
best that might have been expected was a
method of communication similar to the
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Electric Transmission Thru Two Wires and
Hydraulic Analog. Fig. 3.

heliographic and subject to the same or
even greater limitations.

In the spring of 1891 I gave my demon-
strations with a high frequency

machine before the American In-

time I was in the midst of press-
ing work in connection with the

commercial introduction of my I
system of power transmission,
but, nevertheless, caught the fire
of enthusiasm and fairly burned
with desire to hehold the miracle
with my own eyes. According-
ly, as soon as I had freed myself
of these imperative duties and
resumed research work in my
laboratory on Grand Street, New
York, I began, parallel with
high frequency alternators, the
construction of several forms of
apparatus with the object of ex-
ploring the ficld opened up by
Dr. Hertz. Recognizing the lim-
itations of the devices he had
employed, I concentrated my at-
tention on the production of a

a distance.

N this remarkable and complete story of his discovery of the
“True Wireless” and the principles upon which transmission
and reception, even in the present day systems, are based, Dr.
Nikola Tesla shows us that he is indeed the “Father of the Wire-
less.” To him the Hertz wave theory is a delusion; it looks sound
from certain angles, but the facts tend to prove that it is hollow
and empty. IHe convinces us that the real Hertz waves are blotted
out after they have traveled but a short distance from the sender.
It follows, therefore, that the measured antenna current is no indi-
cation of the effect, because only a small pait of it is effective at
The limited activity of pure Hertz wave transmission
and reception is here clearly explained, besides showing definitely
that in spite of themselves, the radio engineers of today are
employing the original Tesla tuned oscillatory system. He shows

examples with different forms of aérials that the signals picked
up by the instruments must actually be induced by earth currents—
not etheric space waves. Tesla also disproves the “Heaviside layer”
theory from his personal observations and tests.
EDITOR.

stitute of Electrical Engineers at
Columbia College, which laid the
foundation to a new and far more
promising departure. Altho the
laws of electrical resonance were
well known at that time and my
lamented friend, Dr. John Hop-
kinson, had even indicated their
specific application to an alterna-
tor in the Proceedings of the In-
stitute of Electrical Engineers,
London, Nov. 13, 1889, nothing
had been done towards the prac-
tical use of this knowledge and
it is ‘probable that those experi-
ments of mine were the first pub-
lic exhibition with resonant cir-
cuits, more particularly of high
frequency. While the spontane-
ous success of my lecture was

powerful induction coil but made

due to spectacular features, its

no notable progress until a happy

inspiration led me to the invention of the
oscillation transformer. In the latter part
of 1891 T was already so far advanced in
the development of this new principle that
I had at my disposal means vastly superior
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With the High Frequency Alternator Shown
in Fig. 1. ig. 2.

to those of the German physicist. All my
revious efforts with Rhumkorf coils had
eft me unconvinced, and in order to set-
tle my doubts 1 went over the whole ground
once more, very carefully, with these im-

been long ago formulated. It was a per-
fectly well-established fact that a circuit,
traversed by a periodic current, emitted
some kind of space waves, but we were in
ignorance as to their character. He ap-
parently gave an experimental proof that
they were transversal vibrations in the
ether. Most people look upon this as his
great accomplishment. To my mind it
seems that his immortal merit was not so
much in this as in the focusing of the in-
vestigators’ attention on the processes tak-
ing place in the ambient medium. The
Hertz-wave theory, by its fascinating hold
on the imagination, has stifled creative ef-
fort in the wireless art and retarded it for
twenty-five years, But, on the other hand,
it is impossible to over-estimate the bene-
ficial effects of the powerful stimulus it
has given in many directions.

As regards signaling without wires, the

chief import was in showing that
all kinds of devices could be operated
thru a single wire without return. This
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Electric Transmission Thru a Single Wire
Hydraulic Analog. Fig. 4

was the initial step in the evolution of my
wireless system, The idea presented itself
to me that it might be possible, under ob-
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lllustrating Typical Arrangements for
Collecting Energy in a System of Trans-
mission Thru a Single Wire. Fig. 5.
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servance of proper conditions of resonance,
to transmit electric energy thru the earth,
thus dispensing with all artificial conductors.
Anyone who might wish to examine impar-
tially the merit of that early suggestion
must not view it in the light of present day
science. I only need to say that as late as
1893, when I had prepared an elabdrate chap-
ter on my wireless system, dwelling on its
various instrumentalities and future pros-
pects, Mr. Joseph Wetzler and other friends
of mine emphatically protested against its
publication on the ground that such idle and
far-fetched speculations would injure me in
the opinion of conservative business men.
So it came that only a small part of what
I had intended to say was embodied in my
address of that year before the Franklin
Institute and National Electric Light As-
sociation under the chapter “On Electrical
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Resonance.” This little salvage from the
wreck has earned me the title of “Father
of the Wireless” from many well-disposed
fellow workers, rather than the invention
of scores of appliances which have brought
wireless trans-

' N

Llpn}:b{.r of radical improvemmts,d Suitable

igh frequency generators an i
cillators had first to be produced. The
energy of these had to be transformed in
effective transmitters and collected at a
distance in proper receivers. Such 2 sys-
tem would be manifestly circumscribed in
its usefulness if all extraneous mterfer-
ence were not prevented and exclusiveness
secured. In time, however, I recogmized
that devices of this kind, to be most effect-
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Transmission of Electrical Energy Thru the
Earth as lllustrated in Tesla’s Léctures Be-
fore the Franklin Institute and Electric Light
Association in February and March, 1893, and
Mechanical Analog of the Same. Fig. 7.

ive and efficient, should be designed with
due regard to the physical properties of
this planet and the electrical conditions
obtaining on the same. I will briefly touch
upon the salient advances as they were
made in the gradual development of the
system,
. The high frequency alternator employed
in my first demonstrations is illustrated in
Fig. 1. Tt comprised a field ring, with 384
pole projections and a disc armature with
coils wound in one single layer which were
connected in various ways according to re-
quirements. It was an excellent machine
for experimental purposes, furnishing sinu-
soidal currents of from 10,000 to 20,000
cycles per second. The output was com-
paratively large, due to the fact that as
much as 30 amperes per square millimeter
could be past thru the coils without injury.
The diagram in Fig. 2 shows the circuit
arrangements as used in my lecture. Reso-
nant conditions were maintained by means
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Tesla's System of Wireless Transmission
Thru the Earth as Actually Exposed in
His Lectures Before the Franklin In-
stitute and Electric Light Association in
February and March, 1893. Fig. 8.

of a condenser subdivided into small sec-
tions, the finer adjustments being effected
by a movable iron core within an induct-
ance coil. Loosely linked with the latter
was a high tension secondary which was
tuned to the primary.

The operation of devices thru a single
wire without return was puzzling at first
because of its novelty, but can be readily
explained by suitable analogs. For this
purpose reference is made to Figs. 3 and 4.

In the former the low resistance electric
conductors are represented by pipes of large

S
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February, 1892,
Fig. 9.
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section, the alternator by an oscillating
piston and the filament of an incandescent
lamp by a minute channel connecting the
pipes. It will be clear from a glance at
the diagram that very slight excursions
of the piston would cause the fluid to rush
with high ve-

mission within *

the reach of

every young
amateur and
which, in a
time not dis-
tant, will lead
to undertak-
ings overshad-
owing in mag-
nitude and
importance all
past achieve-
ments of the
engineer.

The popular
impression is
that my wire-
less work was
begun in 1893,
but as a mat-
ter of fact I
spent the two
preceding
years in inves-
tigations, em-
ploying forms
of apparatus,
some of which
were almost
like those of
today. It was
clear to me
from the very
start that the
successful
€ 0 N s umma-
tion could only
be  brought
about by a
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resulting in the generation of heat as in
incandescent lamp. Theoretically e
ered, the efficiency of conversion of
should be the same in both cases.
Granted, then, that an ecomomic system
of power transmission thrua a single wire is

Tesias four circuit B
Tuned mireless sysiem

Tesla's Four Circuit Tuned System Con-
trasted With the Contemporaneous Hertz-
wave System. Fig. 11.

practicable, the question arises how to col-
lect the energy in the receivers. With this
object attention is called to Fig. 5, in which
a conductor is shown excited by an oscil-
lator joined to it at one end. Evidently, as
the periodic impulses pass thru the wire,
differences of potential will be created along
the same as well as at right angles to it
in the surrounding medium and either of
these may be useiully applied. Thus at g,
a circuit comprising an inductance and ca-
pacity is resonantly excited in the trans-
verse, and at b, in the longitudinal sense.
At ¢, energy is collected in a circuit parallel
to the conductor but not in contact with it,
and again at d, in a circuit which is partly
sunk into the conductor and may be, or
not, electrically connected to the same. It
is important to keep these tvpical disposi-
tions in mind, for however the distant ac-
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the oscillator might be modified
iri the ‘immense extent of the globe the

principles involved are the same,’

Consider now the effect of such a con-
ductor of vast dimensions on a circuit ex-
citing it. The upper diagram of Fig. 6 il-
lustrates a familiar oscillating system com-
prising a straight rod of self-inductance 2L
with small terminal capacities ¢¢ and a node
in the center. In the lower diagram of the
figure a large capacity C is attached to the
rod at one end with the result of shifting
the node to the right, thru a distance cor-
responding to self-inductance X. As both
parts of the system on either side of the
node vibrate at the same rate, we have evi-
dently, (L + X) ¢ = (L — X) C from

_— |’_'
which X = L ——— When the ca-
C+ ¢
pacity C becomes commensurate to that of
the carth, X approximates L, in other
words, the node is close to the ground con-
nection. The exact determination of its
position is wvery important in the calcula-
tion of certain terrestrial electrical and
geodetic data and 1 have devised special

means with this purpose in view.

My original plan of transmitting energy
without wires is shown in the upper dia-
gram of Fig. 7, while the lower one illus-
trates its mechanical analog, first publisht
in my article in the Century Magazine of
June, 1900. An alternator, preferably of
high tension, has one of its terminals con-
nected to the ground and the other to an
elevated capacity and impresses its oscil-
lations upon the earth. At a distant point
a receiving circuit, likewise connected to
ground and to an elevated capacity, collects
some of the energv and actuates a suitable
device, I suggested a multiplication of
such units in order to intensify the effects,
an idea which may yet prove valuable. In
the analog two tuning forks are provided,
one at the sending and the other at the re-
ceiving station, each having attached to its
lower prong a piston fitting in a cylinder.
The two cylinders communicate with a
large elastic reservoir filled with an incom-
gt g

Diagram Exposing the Fallacy of the Gliding
Wave Theory as Propounded in Wireless
Text Books. Fig. 13.

pressible fluid. The vibrations transmitted
to either of the tuning forks excite them
by resonance and, thru electrical contacts
or otherwise, bring about the desired re-
sult. This, I may say, was not a mere
mechanical illustration, but a simple rep-
resentation of my apparatus for submarine
signaling, perfected by me in 1892, but not
appreciated at that time, altho more effi-
cient than the instruments now in use.
The electric diagram in Fig. 7, which
was reproduced from my lecture, was
meant only for the exposition of the prin-
ciple. The arrangement, as I described it
in detail, is shown in Fig. 8 In this case
an alternator energizes the primary of a
transformer, the high tension secondary of
which is connected to the ground and an
elevated capacity and tuned to the imprest
oscillations. The receiving circuit consists
of an inductance connected to the ground
and to an elevated terminal without break
and is resonantly responsive to the trans-
mitted oscillations. A specific form of re-
ceiving device was not mentioned, but I
had in mind to transform the received cur-
rents and thus make their volume and ten-
sion suitable for any purpose.

This, in

substance, is the system of today and I am
not aware of a single authenticated in-
stance of successful transmission at con-

siderable distance by different instrumen-
talities.

It might, perhaps, not be clear to

\q liness

Diagram Explaining the Re-
lation Between the Effective and the
Measured Current in the Antenna.

those who have perused my first descrip-
tion of these improvements that, besides
making known new and efficient types of
apparatus, I gave to the world a wireless
system of potentialities far bevond any-
thing before conceived. I made explicit
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and repeated statements that I contem-
plated transmission, absolutely unlimited as
to terrestrial distance and amount of en-
ergy. But, altho 1 have overcome all ob-
stacles which seemed in the beginning un-
surmountable and found elegant solutions
of all the problems which confronted me,
yet, even at this very day, the majority of
experts are still blind to the possibilities
which are within easy attainment.

My confidence that a signal could be
easily flashed around the globe was
strengthened thru the discovery of the “ro-
tating brush,” a wonderful phenomenon
which I have fully described in my address
before the Institution of Electrical Engi-
neers, London, in 1892, and which is illus-
trated in Fig. 9. This is undoubtedly the
most delicate wireless detector known, but
for a long time it was hard to produce and
to maintain in the sensitive state. These
difficulties do not exist now and I am look-
ing to valuable applications of this device,
particularly in connection with the high-
speed photographic method, which 1 sug-
gested, in wireless, as well as in wire, trans-
mission.

Possibly the most important advances dur-
ing the following three or four years were
my system of concatenated tuned circuits

Two forms of grounded circuils egually effecive

e Tr Her or receiver

Fig. 16, Showing Unimportance of Relative
Position of Transmitting and Receiving An-
tennae In Disproval of the Hertz-wave

Theory.

and methods of regulation, now universally
adopted. The intimate bearing of these m-
ventions on the development of the wireless
art will appear from Fig. 10, which ilius-

(Continued on page 61)
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The True Wireless
By Nikola Tesla
(Continued from page 30)

trates an arrangement described in my U. S.
Patent No. 568178 of September 22, 1896,
and corresponding dispositions of wireless
apparatus. The captions of the individual
diagrams are thought sufficiently explicit to
dispense with further comment. 1 will
merely remark that in this early record, in
addition to indicating how any number of
resonant circuits may be linked and regu-
lated, I have shown the advantage of the
proper timing of primary impulses and use
of harmonics, In a farcical wireless suit in
London, some engineers, reckless of their
reputation, have claimed that my circuits
were not at all attuned; in fact they as-
serted that I had looked upon resonance as
a sort of wild and untamable beast!

It will be of interest to compare my sys-
tem as first described in a Belgian patent
of 1897 with the Hertz-wave system of that
period. The significant differences between
them will be observed at a glance, The
first enables us to transmit economically
energy to any distance and is of inestimable
value; the latter is capable of a radius of
only a few miles and is worthless. In the
first there are no spark-gaps and the actions
are enormously magnified by resonance. In
both transmitter and receiver the currents
are transformed and rendered more effec-
tive and suitable for the operation of any
desired device. Properly constructed, my
system is safe against static and other in-
terference and the amount of energy which
may be transmitted is billions of times
_greater than with the Hertzian which has
none of these virtues, has never been used
successfully and of which no trace can be
found at present.

A well-advertised expert gave out a state-
ment in 1899 that my apparatus did not
work and that it would take 200 years be-
fore a message would be flashed across the
Atlantic and he even accepted stolidly my
congratulations on a supposed great feat.
But subsequent examination of the records
showed that my devices were secretly used
all the time and ever since I learned of this
I have treated these Borgia-Medici methods
with the contempt in which they are held
by all fair-minded men. The wholesale
appropriation of my inventions was, how-
ever, not always without a diverting side.
As an example to the point I may mention
my oscillation transformer operating with
an air gap. This was in turn replaced by
a carbon arc, quenched gap, an atmosphere
of hydrogen, argon or helium, by a me-
chanical break with oppositely rotating
members, a mercury interrupter or some
kind of a vacuum bulb and by such fours
de force as many new “systems” have been
produced. I refer to this of course, with-
out the slightest ill-feeling, let us advance
by all means. But I cannot help thinking
how much better it would have been if the
ingenious men, who have originated these
“systems,” had invented something of their
own instead of depending on me altogether.

Before 1900 two most valuable improve-
ments were made. One of these was my
individualized system with transmitters emit-
ting a wave-complex and receivers compris-
ing separate tuned elements codperatively
associated. The underlying principle can be
explained in a few words. Suppose that
there are n simple vibrations suitable for
use in wireless transmission, the probabil-
ity that any one tune will be struck by an

extraneous disturbance is —. There will
n
‘then remain n—1 vibrations and the chance

]

.;{l_hat one of these will be excited is —
N n—1
~ hence the probability that two tunes would

e ey
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be struck at the same time is ———
R nin—1)
ilarly, fora coinbination of three the chance

will be —————— and so on. It will be
n (n—1) (n—2)

readily seen that in this manner any desired

degree of safety against the statics or other

kind of disturbance can be attained pro-

vided the receiving apparatus is so designed

that its operation is possible only thru the

. Sim-

| joint action of all the tuned element.. This

was a difficult problem which I have suc-
cessfully solved so that now any desired
number of simultaneous messages is prac-
ticable in the transmission thru the earth as
well as thru artificial conductors.

The other invention, of still greater im-
portance, is a peculiar oscillator enabling
the transmission of energy without wires
in any quantity that may ever be required
for industrial use, to any distance, and with
very high economy. It was the outcome
of years of systematic study and investiga-
tion and wonders will be achieved by its
means.

The prevailing misconception of the mech-
anism involved in the wireless transmis-
sion has been responsible for various
unwarranted announcements which have
misled the public and worked harm. By
keeping steadily in mind that the transmis-
sion thru the earth is in every respect
identical to that thru a straight wire, one
will gain a clear understanding of the phe-
nomena and will be able to judge correctly
the merits of a new scheme. Without wish-
ing to detract from the value of any plan
that has been put forward I may say that
they are devoid of novelty. So for instance
in Fig. 12 arrangements of transmitting and
receiving circuits are illustrated, which 1
have described in my U. 5. Patent No.
613809 of November 8, 1898 on a Method
of and Apparatus for Controlling Mechan-
ism of Moving Vessels or Vehicles, and
which have been recently dished up as orig-
inal discoveries. In other patents and tech-
nical publications I have suggested conduc-
tors in the ground as one of the obvious

modifications indicated in Fig. 5.
~ For the same reason the statics are still
the bane of the wireless, There is about
as much virtue in the remedies recently
proposed as in hair‘restorers. A small and
compact apparatus has been produced which
does “away entirely with this trouble, at
least in plants suitably remodelled.

Nothing is more important in the present
phase of development of the wireless art
than to dispose of the dominating erroneous
ideas. With this object 1 shall advance a
few arguments based on my own observa-
tions which prove that Hertz waves have
little to do with the results obtained even
at small distances.

In Fig. 13 a transmitter is shown radiat-
ing space waves oi considerable frequency.
Tt is generally believed that these waves
pass along the earth’s surface and thus affect
the receivers. [ can hardly think of any-
thing more improbable than this “gliding
wave” theory and the conception of the
“cuided wireless” which are contrary to all
laws of action and reaction. Why should
these disturbances cling to a conductor
where they are counteracted by induced cur-
rents, when they can propagate in all other
directions unimpeded ? The fact is that the
radiations of the transmitter passing along
the earth’s surface are soon extinguished,
the height, of. the inactive zone indicated in
the diagram. being some function of the
wave length, the bulk of the waves travers-
ing freely the atmosphere. Terrestrial phe-

nomena which I have noted conclusively

show that there is no Heaviside layer, or if
it exists, it is of no effect. It certainly
would be unfortunate if the human race
were thus imprisoned and forever without

power to reach out into the depths of space.

iting to advertisers.
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The actions at a distance cannot be pro-
portionate to the height of the antenna and
the current in the same. I shall endeavor
to make this clear by reference to diagram
in Fig. 14. The elevated terminal charged
to a high potential induces an equal and
opposite charge in the earth and there are
thus () lines giving an average current
I = 40n which circulates locally and is
useless except that it adds to the momen-
tum. A relatively small number of lines g
however, go off to great distance and to
these corresponds a mean current of e =
dgn to which is due the action at a distance.
The total average current in the antenna
is thus Im = 40n -+ 4gn and its intensity
is no criterion for the performance. The

electric efficiency of the antenna is

+ g
and this is often a very small fraction.

Dr. L. W. Austin and Mr. J. L. Hogan
have made quantitative measurements which
are valuable, but far from supporting the
Herlz wave theory they are evidences in
disproval of the same, as will be easily per-
ceived by taking the above facts into con-
sideration. Dr. Austin's researches are es-
pecially useful and instructive and I regret
that T cannot agree with him on this subject.
I do not think that if his receiver was af-
fected by Hertz waves he could ever estab-
lish such relations as he has found, but he
would be likely to reach these results if the
Hertz waves were in a large part eliminated,
At great distance the space waves and the
current waves are of equal energy, the
former being merely an accompanying man-
ifestation of the latter in accordance with |
the fundamental teachings of Maxwell.

It occurs to me here to ask the question—
why have the Hertz waves been reduced
from the original frequencies to those I
have advocated for my system, when in so
doing the activity of the transmittin
paratus has been reduced a billior
I can invite any expert to p
experiment such as is illustrated
“which shows the classical Hertz
and my grounded transmitting circuit. It
is a fact which I have demonstrated that,
altho we may have in the Hertz oscillator
a~ activity thousands of times greater, the
effect on the receiver is not to be compared
to that of the grounded circuit. This shows
that in the transmission from an airplane
we are merely working thriu a condenser,
the capacity 'of which is a function of a
logarithmic ratio between the length of the
conductor and the distance from the ground.
The receiver is affected in exactly the same
manner as from an ordinary transmitter,
the only difference being that there is a cer-
tain modification of the action which can be
predetermined from the electrical constants.
1t is not at all difficult to maintain com-
munication between an airplane and a
station on the ground, on the contrary, the
feat is very easy.’

To mention another experiment in sup-
port of my view, I may refer to Fig. 16 in
which two grounded circuits are shown
excited by oscillations of the Hertzian order.
It will be found that the antennas can be put
out of parallelism without noticeable change
in the action on the receiver, this proving
that it is due to currents propagated thru
" the ground and not to space waves.

Particularly significant are the results ob-
tained in cases illustrated in Figures 17 and
18. 1In the former an obstacle is shown in
the path of the waves but unless the re-
ceiver is within the effective electrostatic
influence of the mountain range, the signals
are not appreciably weakened by the pres-
ence of the latter, because the currents pass
under it and excite the circuit in the same
way as if it were attached to an energized
wire. If, as in Fig. 18, a second range hap-
pens to be beyond the receiver, it could only
strengthen the Hertz wave effect by reflec-
tion, but as a matter of fact it detracts

(Continued on page 87)
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greatly from the intensity of the received
impulses because the electric niveau between
the mountains is raised, as I have explained
in connection with my lightning protector
in the Experimenter of February.

Transmitfer

=

Fig. 17. lllustrating Influence of Obstacle in
the Path of Transmission as Evidence Against
the Hertz-wave Theory. .

Again in Fig. 19 two transmitting cir-
cuits, one grounded directly and the other
. thru an air gap, are shown. It is a com-
mon observation that the former is far

Fig. 18,
Further

Showing Effect of Two Hills as
Proof Against the Hertz-wave
Theory.

more effective, which could not be the case
in a transmission with Hertz radiations,
’n like manner if two grounded circuits are

Transmiiter @mﬁr
sepagraled :
ﬂvmr;roynd wirout
by Spﬂﬂf gap break

Fig. 19. Comparing the Actions of Two
Forms of Transmitter as Bearing Out the
Fallacy of the Hertz-wave Theory.

obsérved from day to day the effect is

found to increase greatly with the damp-
ness of the ground, and for the same reason

Transmitter with small
rerminal capacrly

Transmitter with large
rfermmai ca J

also the transmission thru sea-water is
more efficient. .

_ An illuminating experiment is indicated
in Fig. 20 in which two grounded trans-
mitters are shown, one with a large and the
other with a small terminal capacity. Sup-
pose that the latter be 1/10 oPa the former
but that it is charged to 10 times the po-
tential and let the frequency of the two
circuits and thefefore the currents in both
antennas be exactly the same. The circuit
with the smaller capacity will then have 10
times the energy of the other but the effects
on the receiver will be in no wise propor-
tionate.

The same conclusions will be reached by
transmitting and receiving circuits with
wires buried underground. In each case
the actions carefully investigated will be
found to be due to earth currents. Numer-
ous other proofs might be cited which can
be easily verified. So for example oscilla-
tions of low frequency are ever so much
more effective in the transmission which is
inconsistent with the prevailing idea. My

observations in 1900 and the recent trams- |

missions of signals to very great distances
are another emphatic disproval.

The Hertz wave theory of wireless trans-
mission may be kept up for a while, but I
do not hesitate to say that in a short time
it will be recognized as one of the most
remarkable and inexplicable aberrations of
the scientific mind which has ever been re-
corded in history.

f—iﬁilililtlilil!|.||||i|5.|‘?_' O A

TO ALL RADIO
AMATEURS

QIR EE Y

We have received many thousands
of communications from radio ama-
teurs for the past few months asking
us about the status of their radio sta-
tions, and when they will be allowed
to operate them again.

Inasmuch as there has been no offi-
cial information as to the reopening
of amateur stations, during the armis-
tice, we can only say that in all likeli-
hood, amateurs will not be allowed to
operate until actual peace has been
signed. In his executive order of
April the 6th, 1917, President Wilson
closed all radio stations in the United
States by an act approved in the Radio
Law of August 13, 1912.

Such a measure, according to law,
is only for the duration of the war,
there being at present no legislation
which prevents any station, amateur or
otherwise, from operating after peace
has actually been declared. Therefore,
the minute newspapers announce that
peace between the United States and
the Central Powers has been signed,
all amateur stations automatically re-
vert to their former status, and ama-
teurs need not wait for permission to
operate their stations, once peace has
been declared. '

EDITOR.
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TESLA ON GLOBAL WIRELESS ENERGY
TRANSMISSION
FOR TELECOMMUNICATIONS AND OTHER
PURPOSES

With Additional Comments by Henry Bradford and Gary Peterson

Atmospheric Conduction Method

Energy Transmission By Means of a Spherical Conductor Transmission
Line With an Upper Half-space Return Circuit.

Tesla's ideas about electrical conduction through the "natural media" fall into
two categories: closed circuit and open circuit. [Henry Bradford]

In 1932 journalist John J. O’Neill conducted an interview with Tesla in which he
talked about the difference between the wireless transmission of electric energy
using what Mr. Bradford describes as either “closed circuit” or “open circuit”
principles.

| also asked him if he is still at work on the project which he inaugurated in the
'90's of transmitting power wirelessly anywhere on earth. He is at work on it, he
said, and it could be put into operation. . . . He at that time announced two
principles which could be used in this project. In one the ionizing of the upper
air would make it as good a conductor of electricity as a metal. In the other the
power is transmitted by creating "standing waves" in the earth by charging the
earth with a giant electrical oscillator that would make the earth vibrate
electrically in the same way a bell vibrates mechanically when it is struck with a
hammer. "I do not use the plan involving the conductivity of the upper strata of
the air,” he said, "but | use the conductivity of the earth itself, and in this | need
no wires to send electrical energy to any part of the globe.” [“Tesla Cosmic Ray
Motor May Transmit Power 'Round’ Earth,” Brooklyn Eagle, July 10, 1932.]

The closed circuit system consists of a large Tesla coil transmitter, an
ionized path connecting the transmitter to the upper atmosphere, the upper
atmosphere, a second ionized path connecting the upper atmosphere back
down to a receiving location, and the receiver itself. The circuit back to the
transmitter is completed through the earth. The upper atmosphere, like any
low-pressure gas, is not an ohmic conductor, but will conduct electricity if
broken down; i.e., ionized. The portion of the upper atmosphere between the
transmitter and the receiver would then conduct current like a neon tube of
planetary proportions. It would require a certain amount of energy to maintain
the electrical discharge through it.

The earth is 4,000 miles radius. Around this conducting earth is an
atmosphere. The earth is a conductor; the atmosphere above is a conductor,
only there is a little stratum between the conducting atmosphere and the
conducting earth which is insulating. . . . Now, you realize right away that if you



set up differences of potential at one point, say, you will create in the media
corresponding fluctuations of potential. But, since the distance from the earth's
surface to the conducting atmosphere is minute, as compared with the distance
of the receiver at 4,000 miles, say, you can readily see that the energy cannot
travel along this curve and get there, but will be immediately transformed into
conduction currents, and these currents will travel like currents over a wire
with a return. The energy will be recovered in the circuit, not by a beam that
passes along this curve and is reflected and absorbed, . . . but it will travel by
conduction and will be recovered in this way. [Nikola Tesla On His Work With
Alternating Currents and Their Application to Wireless Telegraphy, Telephony,
and Transmission of Power, Leland I. Anderson, Editor, Twenty First Century
Books, 1992, pp. 129-130.]

In operation, the electrical energy flowing through the atmospheric conductor is
characterized by its high voltage and low current, and through the terrestrial
conductor by its high current and low voltage. For any given power level, the
loss in the atmospheric plasma transmission line is proportional to the value of
the resistance (R) of the ionized path between the two stations, and inversely
proportional to the amount of current (1) flowing along this path. The voltage
drop (E) across R is given by Ohm’s law, E = IR. There is an inverse
relationship between voltage and current, so for any given load, increasing the
transmission line voltage reduces the current. Looking at this relationship a
different way, real power in a transmission line is dissipated as heat due to the
resistive element R impeding the flow of electrons. Decreasing the current or
rate of flow of electrons through the conductor results in fewer electron
‘collisions' resulting in less energy dissipation in the form of heat. Thus, for any
given load with a constant transmission-line resistance, reducing the current
that flows through the transmission line also reduces the voltage drop. This
reduction in end-to-end voltage drop equates to greater transmission-line
efficiency. [See 12 R, Double Proportion of Resistance to Power.]

In Tesla’s words,

... by such means as have been described practically any potential that is
desired may be obtained, the currents through the air strata may be
rendered very small, whereby the loss in the transmission may be
reduced. [SYSTEM OF TRANSMISSION OF ELECTRICAL ENERGY, Sept. 2,
1897, U.S. Patent No. 645,576, Mar. 20, 1900.]

Tesla’s wireless transmitter-receiver station was designed to develop extremely
high potentials on the elevated terminal in order to minimize the loss due to the
atmospheric plasma transmission line resistance. Another characteristic of the
Tesla apparatus is that a high current flows in the conductor that connects the
oscillator to the earth. Looking at an entire atmospheric conduction system,
each of the transmitter-receiver stations serves, in a sense, as a lever and a
fulcrum that impedance matches the heavy-current power flowing through the
terrestrial ground path with the high-voltage power flowing through the
atmospheric path. [Kenneth L. Corum and James F. Corum]



An independent power source is required at the receiving location to sustain
the conducting path to the upper atmosphere. Both the transmitter and the
receiver have to be capable of ionizing the upper atmosphere out to some
distance, in much the same way that a corona discharge ionizes the air out to a
radius at which its electric field falls below the breakdown value for air, or the
leader in a lightning discharge ionizes the air ahead of the bolt.

Tesla described the ionization process like this:

For example, 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 flame-like
brush or discharge often covering many hundreds or even as much as several
thousands of square feet of surface, this striking phenomenon clearly attesting
the high degree of conductivity which the atmosphere attains under the
influence of the immense electrical stresses to which it is subjected. This
influence is however, not confined to that portion of the atmosphere which is
discernible by the eye as luminous and which, as has been the case in some
instances actually observed, may fill the space within a spherical or cylindrical
envelop of a diameter of sixty feet or more, but reaches out to far remote
regions, the insulating qualities of the air being, as | have ascertained, still
sensibly impaired at a distance many hundred times that through which the
luminous discharge projects from the terminal and in all probability much
farther. [SYSTEM OF TRANSMISSION OF ELECTRICAL ENERGY, Sept. 2,
1897, U.S. Patent No. 645,576, Mar. 20, 1900.]

Both wireless stations would be individually capable of ionizing the upper
atmosphere in their vicinities out to distance that is based upon four physical
parameters. Tesla identified these as the “electromotive force” of the
transmitted impulses, the atmospheric density, the height of the elevated
terminal above the ground, “and also, apparently, in slight measure, . . . the
degree of moisture contained in the air.” By using a vertical ionizing beam of
ultraviolet radiation the requirement for very tall towers is reduced.

| have also found it practicable to transmit notable amounts of energy through
air strata not in direct contact with the transmitting and receiving terminals, but
remote from them, the action of the impulses, in rendering conducting air of a
density at which it normally behaves as an insulator, extending, as before
remarked, to a considerable distance. . . . [Ibid.]

The region from the upper troposphere and upward, located between the
transmitter and the receiver, would become available as a conductor by
inducing the plasma state within that region. This is the “aurora” effect
described by Tesla in the 1916 interview.

| have constructed and patented a form of apparatus which, with a moderate
elevation of a few hundred feet, can break the air stratum down. You will then
see something like an aurora borealis across the sky, and the energy will go to
the distant place." [Nikola Tesla On His Work With Alternating Currents and




Their Application to Wireless Telegraphy, Telephony, and Transmission of
Power, 1992, p. 110.]

Tesla also spoke about instances in which the connection between the elevated
terminals is, in part, by electrostatic induction.

In some cases when small amounts of energy are required the high
elevation of the terminals, and more particularly of the receiving —
terminal D, may not be necessary, since, especially when the frequency of
the currents is very high, a sufficient amount of energy may be collected
at that terminal by electrostatic induction from the upper air strata, which
are rendered conducting by the active terminal of the transmitter or
through which the currents from the same are conveyed. [SYSTEM OF
TRANSMISSION OF ELECTRICAL ENERGY, Sept. 2, 1897, U.S. Patent No.
645,576, Mar. 20, 1900.]

This means that a wholly conductive path between the transmitting and the
receiving stations is not an absolute requirement. A portion the transmitter’s
energy can be collected at the receiver by electrostatic induction alone. This
also suggests that a flow of energy may occur between the two high-altitude
ionized regions by means of electrostatic induction, that is to say, by so-called
displacement current. Once the initial station-to-upper-atmosphere connections
are established by the means of displacement current and electrical conduction
through the vertical ionized paths, each high-altitude ionized region grows in
size in the direction of its counterparts with the passage of time,

| have likewise observed that this region of decidedly-noticeable influence
continuously enlarges as time goes on, and the discharge is allowed to pass not
unlike a conflagration which slowly spreads, this being possibly due to the
gradual electrification or ionization of the air or to the formation of less insulating
gaseous compounds. [Ibid.]

To accomplish this would be a stupendous undertaking. It strikes me that
Tesla's concept of transmitting electric power wirelessly via electrical
conduction through a closed circuit consisting of the earth and the atmosphere
Is not promising from a practical viewpoint. This is because of the enormous
voltages needed to reach to useful distances from the transmitter through the
atmosphere, and the power requirements for maintaining the air path in an
ionized state.

Wireless power transmission by means of the atmospheric method appears to
be feasible. It can be accomplished exactly as Tesla said it could without
violating the known laws of physics. Perhaps it has not been adopted for
economic reasons, and because certain basic engineering challenges that
Tesla addressed while developing the system have not been revisited. Perhaps
the point-to point atmospheric conduction method is simply impractical.

| [have] contemplated the possibility of transmitting . . . high tension currents [on
the order of twenty million volts] over a narrow beam of radiant energy ionizing
the air and rendering it, in measure, conductive. After preliminary laboratory



experiments, | made tests on a large scale with the transmitter referred to [in
Colorado Springs] and a beam of ultra-violet rays of great energy in an attempt
to conduct the current to the high rarefied strata of the air and thus create an
auroral such as might be utilized for illumination, especially of oceans at night. |
found that there was some virtue in the principal but the results did not justify
the hope of important practical applications. [The New Art of Projecting
Concentrated Non-dispersive Energy Through Natural Media.]

Tesla spoke about the commercial establishment of a wireless system in which
the transmitted energy is utilized in at least three different ways—high-
frequency lighting, turning electric motors, and wireless telecommunications.

Wireless communications is not as demanding as the transmission of power.
Tesla seems to have favoured carrier frequencies in the range of tens of
kilohertz or so, which would be reasonable for transmission of information at a
useful rate. He had in mind transmitters and receivers as those shown in his
patent drawings, communicating through the earth via current from the ground
terminal of the transmitter and the partially or wholly ionized path described
above. This raises the question of whether the current from the ground terminal
of a Tesla transmitter, which definitely would exist, would have a range
comparable to or greater than that of a radio wave from a radio transmitter of
the same power and frequency, and the induced earth current that would
accompany it.

The principal difference between Tesla's system, either closed or open
circuit, and open circuit low frequency radio systems is that a radio transmitter is
designed primarily to emit energy in the form of electromagnetic radiation from
its antenna, whereas the Tesla communications transmitter is designed
primarily to inject an electrical current into the earth at its ground terminal. The
mode of propagation for both systems appears to me to be the same; i.e., earth
currents and surface charge coupled to a vertical electric field in the Earth-
ionosphere cavity.

Mr. Bradford describes the mode of propagation for both the Tesla system and
LF radio systems as, “earth currents and surface charge coupled to a vertical
electric field in the Earth-ionosphere cavity.” While this is not a description of
space wave electromagnetic radiation, it is, however, consistent with the
definition of the electromagnetic field associated with an electrical current
flowing through a transmission line. Of course there is also a space wave
component associated with the emissions of an LF radio transmitter in the form
of electromagnetic radiation launched from its antenna. Tesla argued the
emissions from the great low frequency AM radio transmitters of the early 20"
century were, predominantly, in the form of transmission line surface waves.

The principal difference between the Tesla-produced and radio-produced
disturbances appears to be the difference in the configuration of currents and
fields close to the transmitter.

The basic idea is that the earth currents and charge-coupled electromagnetic
field associated with Tesla coil transmissions gradually decouple from the



associated charge carriers and become ordinary radio waves as a function of
the distance from the transmitter. Mr. Bradford states,

| do not believe that the theory for it has been worked out, but in principle it is
a straightforward application of electromagnetic theory.

An alternative hypothesis is one in which the configuration of the
electromagnetic field associated with an ordinary radio antenna changes as it
moves out of the near-field zone, as described by presently accepted antenna
and propagation theory, while the configuration of the electromagnetic field
associated with a Tesla coil transmitter remains essentially unchanged as it
moves out beyond the near-field zone, through the far-field zone, all the way to
a well grounded phase-conjugate or synchronized Tesla coil receiver.

There are two distinctly different forms of electromagnetic-wave propagation.
The first is by means of electromagnetic radiation or ordinary radio waves, such
as emitted by an ordinary dipole radio antenna. The second is by ordinary
electrical conduction, such as takes place when a current flows through a
transmission-line accompanied by a charge-coupled electromagnetic field.

There are two types of transmitter-antenna excited propagation modes. The
first is by means of an ordinary radio wave launched by a dipole antenna in the
form of electromagnetic radiation. The second is by means of a charge-coupled
transmission-line wave launched by a high voltage, pulse-driven, top loaded
helical resonator in the form of earth currents and a charge-coupled
electromagnetic field. A small radio-wave component might also be present,
but this is viewed as an energy loss. What might be called a hybrid propagation
mode is a combination of the radio wave and the charge-coupled
electromagnetic transmission-line wave launched by a grounded or
counterpoise monopole antenna, i.e., the Marconi-type antenna, the emissions
of which more or less predominate as electromagnetic radiation plus an
electromagnetic transmission-line wave component. In addition to space
waves, Marconi antennas also appear to launch the type of transmission-line or
surface wave described by Arnold Sommerfeld and Johann Zenneck. This
surface wave is different from the well-known Norton Surface Wave that is the
result of the interaction of the ground wave part of a radio antenna’s radiated
space wave with the earth’s surface. There may be an interaction between the
Zenneck and Norton surface waves which occurs along the interface between
the two half-spaces resulting in the creation of an interference pattern extending
outward around the launching structure.

My guess is that at very large distances from the transmitter, the two
disturbances would be indistinguishable.

If, as predicted, the disturbances produced by the two launching structures are
distinctly different then the effects at a distance will be very much
distinguishable. In fact, the emissions of a refined Tesla coil transmitter in the
far-field zone should be practically undetectable when using an ungrounded
radio receiver with a balanced magnetic loop antenna; quo erat demonstratum.



So it would boil down to which method of producing the disturbance is the
most efficient and cost effective. One disadvantage of very long distance radio
is that VLF transmitting antennas tend to be very large and inefficient, which is
one reason why long distance radio communications mostly switched from long
wave to short wave in the 1930's. One thing bothers me. If the Tesla earth
currents propagate to long distances at low frequencies, why don't the earth
currents from the ground terminals of low frequency radio transmitters do
likewise, or do they?

According to Tesla they do. Some portion of the earth current associated with
the excitation of a well-grounded LF radio-transmitting antenna propagates to
great distances.

Counsel

You say radio engineers put too much energy into the radiating part. What, as
a matter of fact, according to your conception, is the part of the energy that is
received in the receivers in the present system? . . . To illustrate my question,
take for instance the energy used at Sayville [Long Island, New York] and the
reception of that at Nauen [Germany]. | want to know whether it is your idea that
the reception there is due to the earth currents that you have described or to the
radiated energy.

Tesla

It is far more due to the earth currents than to the radiated energy. | believe,
indeed, that the radiated energy alone could not possibly produce the effect
across the Atlantic. It is simply because they are incidentally sending a current
through the globe—which they think is their current—that the receiver is
affected. The current produces variations of potential at the earth's surface in
Germany; these fluctuations of potential energize the circuit, and by resonance
they increase the potential there and operate the receiver. But | do not mean
that it is absolutely impossible to use my apparatus and operate with
electromagnetic waves across the Atlantic or Pacific. | only say that according
to calculations, for instance, which | have made of the Sayville plant, the
radiated energy is very small and cannot be operative. | have also calculated
the distribution of the charge on the antenna. | am told that the Sayville
antenna is without abrupt changes of capacity. It is impossible. There are
changes even in a cylindrical antenna; but particularly in that form at Sayville—
there are very abrupt changes. [Nikola Tesla On His Work With Alternating
Currents and Their Application to Wireless Telegraphy, Telephony, and
Transmission of Power, p. 142.]

A grounded radio transmitter generates an earth current, and observations of
it might help to answer questions about the range of earth currents. However,
distinguishing current from the ground terminal from earth current induced by
the radio wave (or part of the wave, depending on how you look at it) might be
difficult. The two types of earth current might be distinguishable because earth
current from the ground terminal of a radio transmitter should be free from the
variations in the strength of the radio wave (e.g., day-night) caused by the
ionosphere. | am not aware of such observations. On the other hand, VLF to
MF radio transmitters often use some sort of counterpoise instead of a ground



connection, and do not produce an earth current directly. The most reliable
answers would come from a computer analysis.

Freely speculating for a moment, perhaps a powerful Tesla coil earth resonance
transmitter operated at a non-earth-resonance frequency might result in the
creation of radio waves somewhat as predicted by Mr. Bradford. In the
operation of a Tesla coil transmitter, earth resonance results from the
constructive interference of outgoing Tesla waves with the reflection of
preceding Tesla waves returning from the antipode. If the transmission
frequency were to be adjusted away from being purely constructive, then radio
waves might result. Going out on a limb even further, rather than a gradual
transition from Tesla waves to Hertz waves with an increase in distance from
the transmitter, the radio wave emissions might be global in nature and
ubiquitous.

"The chief engineer shook his head slowly, "all radio stations went off the air at
seven-fifty-one, and nobody can discover why. We've called the electronic
laboratory of the State Science Institute. They said it looks like radio waves, but
of a frequency never produced before, never observed anywhere, never
discovered by anybody. It looks like a wall of radio waves jamming the air, and
we can't get through it, we can't touch it, we can't break it. What's more, we
can't locate its source, not by any of our usual methods. Those waves seem to
come from a transmitter that makes any known to us look like a child's toy!
That's it, Dr. Stadler, it can't be possible, it shouldn't be possible, but there it is.”
[Atlas Shrugged]

lonospheric effects like the day-night variations indicate that the radio signal
received is mainly accounted for by radio waves. Is it that low frequency radio
transmitters generally use counterpoises rather than actual earth connections?
Is it that the currents from the ground terminals of the transmitters (as opposed
to induced currents in the electrical disturbance in the Earth-ionosphere cavity;
see the next section) do not propagate to a significant distance? Once again,
the answers to these questions, like all the other questions, could be found
theoretically by straightforward computations made on a realistic model of the
transmitter, receiver, and intervening medium.

Construction and operation of full-size Tesla transmitting and receiving
apparatus, as described in his patents and elsewhere, will also facilitate this
computer analysis. The creation of a realistic model demands the collection of
empirical data related to the performance of actual functioning Tesla coil
transmitters, and active and passive Tesla coil receivers. At the same time
these data were being collected it can also be shown that radio waves are not
involved with the transfer of electrical energy between the Tesla transmitting
and receiving stations. This can be done using a radio receiver with a balanced
magnetic loop antenna, tunable to the Tesla coil transmitter's operating
frequency. The radio receiver's antenna can be configured in such a way so it
interacts more efficiently with radio waves than with the non-radiating emissions
of the Tesla coil transmitter. Grounded monopole and low-counterpoise radio
antennas cannot be used. Even the vertical 1/2-wave dipole antenna, with or



without loading coils and suspended high above the ground to minimize
capacitive coupling to the earth would be compromised in its performance.

The Schumann Cavity Resonance Hypothesis

Proposed Energy Transmission By Means of a Concentric Spherical Shell
Waveguide

Tesla spoke about the wireless transmission of electric energy utilizing some
type of terrestrial resonance mode. Three different forms of terrestrial
resonance have been identified. These are the “single-wire transmission line”
resonances (for lack of a better term), the transverse cavity resonances, and
the Schumann cavity resonances. As their names suggest, the latter two are
resonances that can be excited in the concentric spherical shell waveguide
formed from the earth and the ionosphere. Of these three, only transmission
systems utilizing the transmission line resonances and the Schumann
resonances are under consideration for power transmission. Both mechanisms
fall under Mr. Bradford’s so-called “open circuit" category.

Natural lightning excites the Schumann resonances. They are observed at
the lowest few resonance frequencies (about 8 Hertz and multiples of that).
Their measured Q's of order 5 - 10 suggest that the electrical disturbances
produced by lightning make a few circuits of the Earth before damping out, and
create a fairly definite terrestrial standing wave of a few cycles duration. What
is wanted for wireless transmission of power is for the electrical load connected
to the receiver to draw power from the transmitter via the standing wave. l.e.,
when the load is switched on, the transmitter should "feel" the load, as it would
in a closed circuit, and respond by providing more power via the standing wave.
According to my estimates, this would require an Earth-ionosphere cavity Q of
order ~10”"6 or 1077 at the lowest Schumann resonance frequencies, whereas it
appears the actual value is more like 5 or 10. Cavity Q is defined here as the
ratio of the electric field energy stored in the Earth-ionosphere cavity per cycle
of the oscillation to the average power input to the cavity from the transmitter.

This estimate of the required Q is based on the requirement that the current
induced in the input impedance of the receiver should reciprocally induce power
in the output impedance of the transmitter similar to the power that was
transmitted initially. This is a way of expressing the coupling between the
transmitter and receiver required for the transmitter to "feel" the load on the
receiver. The Q in my estimate is the value that produces an electric field in the
cavity strong enough to induce the required current in the input impedance of
the receiver. At higher frequencies, the required Q is larger, but | expect that
the Q of the Earth-ionosphere cavity probably decreases because propagation
losses in the Earth and ionosphere increase. So my opinion is that Schumann
electrical oscillations would not allow efficient transfer of power from the
transmitter to the receiver over long distances.



Conclusions

The concept of transferring power with small losses in this manner will not
work because the standing wave would occur in the Earth-ionosphere cavity,
which is too lossy (Q too small) to enable a standing wave of sufficient
amplitude to be generated. This limitation is independent of the power of the
transmitter. In order for the transmitter to feed power to the receiver as
efficiently as it would in a closed low-loss circuit, the power transferred to the
receiver should be able to transfer power of the same order of magnitude
reciprocally to the transmitter. This is a necessary condition for the transmitter
to “feel” the load connected to the receiver, and to supply power to it via the
standing wave. In order to do this, the required Q of the Earth-ionosphere
cavity is of the order of 10”6 or so at the lowest Earth-ionosphere cavity
Schumann resonant frequency of about 8 Hz, according to my estimates,
whereas measurements based on the spectrum of natural electrical radio noise
yield a Q of only about 5 to 10. | believe that the situation only gets worse at
higher frequencies because of increasing energy losses in the earth and
ionosphere, as is the case in radio transmission.

In my opinion the reason Tesla believed that he could generate very high Q
whole-earth oscillations was that he did not know about the existence of the
ionosphere and its damping effect. He also dismissed the practicality of long-
range radio because he was unaware of the ionosphere and its reflecting
properties.

On the other hand, it has been pointed out that wireless energy transmission
using the concentric spherical shell model, as discussed above, is not
consistent with the Tesla type transmitter.

The conceptual difficulty with this model is that, at the very low frequencies that
Tesla said that he employed (1-50 kHz), earth-ionosphere waveguide excitation,
now well understood, would seem to be impossible with the either the Colorado
Springs or the Long Island apparatus (at least with the apparatus that is visible
in the photographs of these facilities). ["Spherical Transmission Lines and
Global Propagation, An Analysis of Tesla's Experimentally Determined
Propagation Model," K. L. Corum, J. F. Corum, Ph.D., and J. F. X. Daum, Ph.D.
1996, p. 10.]

The maximum recommended operating frequencies of 25 kHz as specified by
Tesla is far above the highest easily observable Schumann resonance mode
(the 9th overtone) that exists at approximately 66.4 Hz. Tesla's selection of 25
kHz is wholly inconsistent with the operation of a system that is based upon the
direct excitation of a Schumann resonance mode.

Another terrestrial propagation mode is far more promising.



The Earth Resonance Method

Energy Transmission By Means of a Spherical Conductor “Single-wire”
Surface Wave Transmission Line

The type of transmitter used to excite this propagation mode is described and
illustrated in Tesla’s patent ART OF TRANSMITTING ELECTRICAL ENERGY
THROUGH THE NATURAL MEDIUMS, May 16, 1900, U.S. Patent No.
787,412, Apr. 18, 1905 and elsewhere. It is essentially the same as the
transmitter used for the atmospheric conduction method, connected to the
ground and to an elevated terminal, with the elevated terminal having the
modified spherical shape seen in a number of photographs and artistic
renderings of the Wardenclyffe wireless station prototype. A similar rendering
of a Wardenclyffe-type structure appears in the specifications of Tesla’s
APPARATUS FOR TRANSMITTING ELECTRICAL ENERGY, Jan. 18, 1902,
U.S. Patent 1,119,732, Dec. 1, 1914 in which this terminal is drawn as a
modified torus.

It is apparent from documents on file at the U.S. Patent Office pertaining to U.S.
Patent No. 787,412 that Tesla collected actual performance data. In response
to a question from U.S. Patent Examiner G.C. Dean regarding three stated
requirements that, “seem essential to the establishment of the resonating
condition” Tesla’s attorneys responded,

These three requirements, as stated are in agreement with his numerous
experimental observations. . . . we would point out that the specification does
not deal with theories, but with facts which applicant has experimentally
observed and demonstrated again and again, and in the commercial
exploitation of which he is engaged. ['Spherical Transmission Lines and Global
Propagation, An Analysis of Tesla's Experimentally Determined Propagation
Model," K. L. Corum, J. F. Corum, Ph.D., and J. F. X. Daum, Ph.D. 1996, p. 3n.]

Tesla determined that the time required for a transmitted pulse or wave train to
travel from the transmitter to the antipode and back again is .08484 seconds.
This equates to a fundamental earth resonance frequency of 11.786892 Hz. He
believed that by incorporating a portion of the earth as part of a powerful earth-
resonance Tesla coil transmitter an electrical disturbance could be impressed
upon the earth and detected, “at great distance, or even all over the surface of
the globe.”

Tesla also made an assumption that Earth is a charged body floating in space.

A point of great importance would be first to know what is the capacity of the
earth? and what charge does it contain if electrified? Though we have no
positive evidence of a charged body existing in space without other oppositely
electrified bodies being near, there is a fair probability that the earth is such a
body, for by whatever process it was separated from other bodies—and this is
the accepted view of its origin—it must have retained a charge, as occurs in all
processes of mechanical separation. [ON LIGHT AND OTHER HIGH



FREQUENCY PHENOMENA , Nikola Tesla, Inventions, Researches and
Writings of Nikola Tesla, 1894, pp. 294-373.]

Tesla was familiar with demonstrations that involved the charging of Leiden jar
capacitors and isolated metal spheres with electrostatic influence machines. By
bringing these elements into close proximity with each other, and also by
making direct contact followed by their separation the charge can be
manipulated. He surely had this in mind in the creation of his mental image, not
being able to know that the model of Earth’s origin was inaccurate. The
presently accepted model of planetary origin is one of accretion and collision.

If it be a charged body insulated in space its capacity should be extremely
small, less than one-thousandth of a farad. [Ibid.]

We now know that Earth is in fact a charged body relative to the uppermost
atmospheric strata, made so by processes—at least in part—related to an
interaction of Earth’s magnetosphere with the continuous stream of negatively
charged particles called the solar wind, flowing outward from the center of our
solar system.

But the upper strata of the air are conducting, and so, perhaps, is the medium in
free space beyond the atmosphere, and these may contain an opposite charge.
Then the capacity might be incomparably greater. [Ibid.]

We also know one of the upper strata of Earth’s atmosphere, the ionosphere, is
conducting.

In any case it is of the greatest importance to get an idea of what quantity of
electricity the earth contains. [Ibid.]

Earth possesses a naturally existing negative charge with respect to the
conducting region of the atmosphere beginning at an elevation of about 50
kilometers. The potential difference between the earth and this region is on the
order of 400,000 volts. Near the earth's surface there is a ubiquitous downward
directed E-field of about 100 V/m. In LIGHTNING PROTECTOR, May 6, 1916,
U.S. Patent 1,266,175, May 14, 1918 Tesla referred to this charge as the
“electric niveau” or electric level.

It is difficult to say whether we shall ever acquire this necessary knowledge, but
there is hope that we may, and that is, by means of electrical resonance. If ever
we can ascertain at what period the earth's charge, when disturbed, oscillates
with respect to an oppositely electrified system or known circuit, we shall know
a fact possibly of the greatest importance to the welfare of the human race. |
propose to seek for the period by means of an electrical oscillator, or a source
of alternating electric currents. . .. [Ibid.]

A Tesla coil earth resonance transmitter creates a local disturbance in the
earth’s charge that manifests itself as an annular deviation in the density of the
background electric field. This disturbance propagates away from the
transmitter and diminishes in intensity as the distance from the transmitter



increases. A sufficiently powerful transmitter produces a field distortion that
propagates all the way to the antipode, at which point the energy is reflected
back towards its point of origin. The transmission of electrical energy across
the entire globe and its reflection all the way back to its source is the basis of
Tesla's earth resonance method.

While the atmospheric conduction method requires that both transmitting and
receiving apparatus be placed into operation, a properly tuned and sufficiently
powerful earth resonance transmitter, on the other hand, can be made to
operate exactly as intended without any man-made Tesla-type receivers being
activated. The earth itself fulfills the requirement that a synchronized receiver
be present.

Conclusion

Long-distance wireless transmission by means of the Atmospheric Conduction
Method is feasible, defying none of the known laws of physics, but a power
transmission system based upon this method may not be practicable. The
hypothesized Schumann Cavity Resonance Method, unto itself, is unworkable.
Wireless transmission by means of the Earth Resonance Method may be
possible, a feasibility study using a sufficiently powerful and properly tuned
Tesla coil earth-resonance transmitter being called for.



Research of Nikola Tesla in Long Island
Laboratory

by Aleksandar Marinci¢, Ph.D.

Reprinted from Energy and Development at the International Scientific
Conference in Honor of the 130th Anniversary of the Birth of Nikola Tesla

1. INTRODUCTION

After completing grandiose research in Colorado Springs Nikola Tesla returned
to New York and started to look for money and the place where to build a new
laboratory. This time he wanted to make a commercial plant--the "World
System" power plant--as he called it. About the time he returned to New York
Tesla wrote a long article in the Century magazine about his experiments in
Colorado Springs. The editor of the magazine tried to persuade Tesla to write a
more understandable paper, but his efforts were not very successful. In the end
Tesla wrote something that looked more like an essay rather than a typical
scientific paper. The length of the paper was also unusual--it was as long as his
lectures that he delivered earlier before various scientific gatherings. After
"Colorado Springs Notes 1899-1900" were published in 1978, a new material
was put forward to researchers, and many queries from the Century article
became clarified. However, a veil of unknown remained, especially in
connection with Tesla's later research in Long Island Laboratory. For a long
time we have studied Tesla's notes which he wrote in the period 1900-1906 and
in this paper we want to present some of the findings that will help to
understand Tesla's research in this period.

2. LONG ISLAND NOTES IN NIKOLA TESLA
MUSEUM

In contrast to Colorado Springs Notes that were neatly assembled by Nikola
Tesla himself, Long Island Notes were scattered through his scientific papers. It
will be some time before all Notes are collected together, but it is clear that
there will be no great change as to the amount of dated notes in comparison to
what we have already found.

Some Long Island Notes are written by pencil, some by ink. The sizes of notes
vary considerably. Sometimes there are only few lines or few formulae, or
some calculations. Less than one third of the notes are neatly finished similar
to the Colorado Springs Notes.

In 1900 Tesla's notes contain only 8 leaves. That number increases to 141 in
1901, 196 in 1902, 272 in 1903, drops rapidly in 1904 to 13 only, there are no
notes in 1905 and then there is a jump to 50 leaves in January 1906, only. With
the title "Notes to Long Island Plant," written by Tesla on the folder we found 73
leaves without dates. On the following pages we have given a Table showing



the number of leaves written on the specified dates. Later we will discuss the
content of the Notes.

The Notes in 1901 are written by ink (except few that are written by pencil) in a
similar fashion to the Colorado Springs Notes. The handwriting can be read
without much difficulty, typical page being like the one shown (May 19, 1901 ).
The rest of the notes are written by pencil. Some of the notes are difficult to
read, especially those written later.

LONG ISLAND NOTES
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Remark: undated notes have not been included.
Source: Nikola Tesla Museum, Belgrade

3. SUMMARY OF RESEARCH TOPICS IN DATED
NOTES 1900-1906

Dated notes, as explained in chapter 2, contained over 600 leaves and it is not
an easy task to cover even main topics created in the Notes. It should not be
expected that all important thoughts or results (experimental or theoretical) will
be given. We have read most of the material trying to discover interesting
topics in the Notes. However, Tesla's handwriting is not easy to read and
further efforts are needed to "decode" all the Notes and make them prepared for
detailed study.

3.1. Notes written in 1900

As mentioned earlier there are only 8 leaves as the record of four days of work.
At the very beginning of 1900 Tesla was in Colorado Springs for at least a week
(last date in the Colorado Springs Notes was January 7, 1900). First notes
written in the Colorado Springs Notes were dated June 2, 1900 and refer to



insulating conductors by freezing. In late November, 1900, there were four
pages that deal with new plant problems.

3.2. Notes written in 1901

In 1901 Tesla began to look for "approximate theoretical estimate of constants
determining wavelength of electrical disturbance through Earth." The
capacitance of the Earth he calculated as the capacitance of a metal sphere of
the globe size. Then he calculated the radius of an equivalent cylindrical
conductor, r, which have the same capacitance as the considered sphere.

From the equality of the sphere capacitance and the capacitance of equivalent
cylindrical conductor of length 0 (Tesla neglected the edge effects), he obtained
r and C from the equation:

C = D/2 = 0.5-D/(log. (DIr)).

To calculate inductance of the Earth Tesla assumed that it is equal to the
inductance of the equivalent cylindrical conductor, L:

L = 2-D-(loge (D/r) - 0.75),

where for the equivalent conductor he calculated inductance ignoring "magnetic
influence." For the Earth diameter he assumed to be 7914 miles so that,

--total capacitance of the cylinder 707.5 uF =C =c-D
--total inductance of the cylinder 2.40377 H=L =1-D

From the above values capacitance per mile and inductance per mile were
calculated (the length of conductor was assumed to be 7914 miles, the Earth
diameter). From the calculated c and 1, Tesla obtained the relationship
between frequency and the wavelength along the cylindrical conductor (Long
Island Notes, January 29, 1901):

wavelength (miles) = 1/(f  Ic) = 192,300/f (Hz).

The idea behind this relationship is based on the following statement from the
insert of February 2, 1901 notes (citation):

"In many experiments with electrical oscillators of very high frequency curious
spark discharges were observed which for long time could not be accounted
for. Finally | found that they were due to exceptional rise by resonant action of
the electromotive force. Further investigation led me to the discovery of fact
that long conductor, say a straight telegraphy line, cable etc., has a definite
frequency at which the capacity just counteracts the inductance and when
worked with currents of that frequency the conductor is capable of transmitting
energy condition exceptionally favorable. . . ."

Developing Long Island plant Tesla considered mainly the transmitting tower,
oscillators for production of HF currents, choice of operating frequency, design
of various coils, arrangements of terminals, etc. His propagation theory was



based on the charge redistribution along the globe. As he did not consider only
the static case, for higher frequencies (in this case frequencies above few Hz)
he assumed that the zones of a half wavelength extent contain alternatively
positive and negative electric charge. He considered transmitter frequencies as
low as 4 Hz, but he devoted more attention to 60 Hz. On June 8, 1901, he
wrote:

Assume frequency of dynamo on plant under process of construction, 60 cls,
and capacity C of terminal insulated 10000 cm. With full steam-pressure on
one of the boilers | can easily get 150 HP This will be only half of actual output.
To use the power to the full extent we must charge the terminal to a pressure P
given by equation:

C-p2 =150 746, from which . . . P =409700V . . ."

Continuing further his consideration along these lines, Tesla came around with
figures that with 100,000 cm capacity terminal on the polar cap (a point on the
opposite side of the globe to the transmitter location), one could get about 2 HP,
which, in his opinion ". . . is enough to demonstrate practicability of power
transmission."

An interesting summary appeared on October 13, 1901 (citation):

"The following are important facts to bear in mind in connection with my system
of energy transmission through the globe:

a) The strength of current passed into the ground by transmitting circuit
determines the e.m.f. obtainable at any point of Earth in a receiving circuit
connected either on one or two points or more. The e.m.f. is proportional to: a)
current strength, b) frequency, conversely proportionate to distance from
transmitting ground connection.

b) The energy at any point is proportional to actual energy delivered by
transmitter and inversely to square distance from same up to equatorial zone.

c) Beyond equatorial zone the energy is increasing as the square of distance
from opposite pole."

3.3. Notes written in 1902

The Notes are scattered throughout the year but there are two peaks--one
smaller in March--and the other in October-November. In March period he dealt
with experimental matters: he measured some coils, capacitances and
frequency of laboratory oscillators. In October, a number of new considerations
regarding his theory of current propagation through the Earth appeared. On
October 8, 1902, he wrote in his notes:

"All facts now agree with the theory that velocity of propagation as measured
along a line passing from transmitter through center of the Earth, is perfectly



constant. The velocity is very high at the poles and much smaller in the middle
of the equatorial region."

For Tesla the Earth was nothing else but a metal ball, so it is natural that he
tried to verify his theory of current propagation through the Earth by
measurements on a metal ball. In October, 1902, he proposed a number of
experiments to test his theory. The idea was to make a cage in the form of a
sphere and pass very high frequency current through such structure (taking
product of sphere diameter and operating frequency the same in the two
cases). He expected to find that the wavelength change along the sphere cage,
(imagining it as a conductor of variable cross-section) indicating that the velocity
of propagation is constant along the axis of the sphere. Experimentally he tried
to measure inductance of the sphere by replacing it with a straight conductor
which inductance could be calculated. He also wanted to measure capacitance
of "zones"--spherical rings. In a substitution sphere-straight conductor, in one
measurement on November 3, 1902, Tesla found that "the induction of sphere
38.1 cm radius would be 45 cm. . ."

In November Tesla measured extensively various capacitances using balanced
bridges. Occasionally he would return again to his theory of current
propagation.

3.4. Notes written in 1903

For about half a year in 1903 Tesla wrote many pages of his Notes. Between
January and May he performed many measurements of ground resistance and
insulation resistance of the tower. He was careful ground resistance as can be
seen from numerous calculations of power losses due to this resistance, and
heavy current he wanted to use. The currents he considered varied between
2000-3000 A and obviously even 1 ohm of ground resistance would cause a
great loss. He even calculated temperature rise caused by ground losses. He
considered grounding by the use of a large metal sphere, metal pipes, and
spreading of salty water around the grounding. Another important aspect of
losses was in connection with the tower leakage. Tesla measured resistance
between tower and grounding in various weather conditions, and in various
times of the day and night.

In May, 1903, Tesla again turned more intensively to his theory of propagation.
This time, and this is rather rare in all Tesla's notes, he refers to names. On
May 21, 1903, he wrote:

"Consider radiation whether sphere uniformly charged or alternatively in positive
and negative zones the radiation loss would be the same with due allowances.
Now according to Maxwell, energy per unit volume is proportional to the square
of P. We may therefore approximate result by taking Earth as a Hertzian
vibrator uniformly charged and applying Maxwell's theory also making
allowances. The loss would be simply proportional to the square of charge."

On May 24, 1903 he began his discussion on radiation from the Earth by
quoting a formula from Maxwell's book for the radiation of sphere charged to a



potential P. Later he tried to make use of the same principle in calculation of
radiated power by non-uniformly charged sphere.

3.5. Notes written between 1904-1906

There are few notes written in this period. They refer again to some earlier
considered matters: oscillator design, maximum performance of electrical
machinery (1904), some aspects of his theory (1906).

4. DISCUSSIONS AND CONCLUSIONS

The ideas which were developed, and the results of research which Tesla
carried after his return from Colorado Springs in January 1900 were not fully
disclosed in Tesla's papers which he published after 1900. Something was
disclosed in [1] in 1904. Here Tesla explained his intelligence transmission
"World Telegraphy" plant at Long Island. However, very little is said about
technical details, most of statements .are prediction-like types. From technical
point of view, more interesting things had been disclosed in 1912 paper [2].
Another description of Tesla's system is found in a handbook [3]. Tesla's claim
that "his" system is different from "Hertz's" is based on the fact that at low
frequencies, and with small antenna | in terms of wavelength, radiation of
Hertzian type electromagnetic wave is small. "Tesla's waves," if we are allowed
to use such a name, are in fact surface waves in modern terminology (as
known, this type of waves are significant in the range of long waves) or the
Earth cavity waves, known better as ELF (extremely low frequency) waves. In
"pure Hertzian" wave (in Tesla's terminology) there is no induced current in the
Earth, except on reflection region which is not essential for the discussion. In
contrast to the latter, guided surface or ELF waves do not exist without current
in the Earth crust. Having this in mind, we can conclude that there is a truth in
Tesla's statements about specific behavior of low frequency, guided to the Earth
waves. As regards correctness of his approach to the propagation theory
based on outlined assumptions, more study is needed and we hope that it will
be done in the future.
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Worldwide Wireless Power Prospects
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ABSTRACT

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

INTRODUCTION

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

PRINCIPLES OF WORLDWIDE WIRELESS POWER TRANSFER

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



PROMISES OF WORLDWIDE WIRELESS POWER
TRANSFER

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

Nikola Tesla

Nikola Tesla was a prolific inventor best known for the AC induction motor and AC

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

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

Tesla found that the high frequency output from the Tesla coil could readily power lights

and motors utilizing a single wire with a ground return. Tesla presented these results in this
lecture to the IEE in London in 1892[7]. Following the work of Kelvin and Crookes, Tesla

also noted that slightly rarefied gases were excellent conductors, leading him to propose a
system for "... transmitting intelligence or perhaps power, to any distance through the earth or
environing medium®”. [34] In February 1893, at his lecture on high frequency currents before
the Franklin Institute of Philadelphia (repeated in March in St Louis.) Tesla proposed to
determine the capacitance of the earth and the period of oscillations resulting from a
disturbance of the earth's charge . After subsequent patented improvements to the Tesla Coil
Tesla patented the single wire power distribution system in March., 1897, [35] and patented
the wireless power distribution 6 month later [36,37]. In the wireless system , the single wire
conductor was replaced by a conductive path through a slightly rarefied gas coupled to
bodies of large surface area, or open capacitors, connected to the high tension terminals of
the transmitter and receiver, thus forming an open resonator circuit between the body and



the earth. In his patent, Tesla claimed the use of the conductive layers in the upper
atmosphere as the conductive path.

in the 1892 lecture in London, Tesla noted that " It is quite possible, however, that such 'no
wire' motors, as they might be called, could be operated by conduction through the rarefied
air at considerable distances. Alternate currents, especially of high frequencies, pass with
astonishing freedom trough even slightly rarefied gases. The upper strata of the air are of
difficulties of a merely mechanical nature. There is no doubt that with the enormous potential
is obtainable by the use of high frequencies and oil insulation, luminous discharges might be
passed through many miles of rarefied air, and that by thus directing the energy of many
hundreds of thousands of horsepower, motors or lamps might be operated at considerable
distances from stationary sources. But such schemes are mentioned merely as possibilities.
We shall have no need to transmit powers in this way. We shall have no need to transmit
powers at all. Ere many generations pass, our machinery will be driven by a power
obtainable at any point of the universe... "[38] Tesla demonstrated plasma conduction in a
glass tube with rarefied air surrounding a central axial platinum electrode, he observed that
the wire was heated only at the ends, and not in the middle. He also observed that the
pressure at which the gas becomes conducting is directly related to the applied voltage.
Colorado Springs Laboratory Tesla moved to Colorado Springs in May 1899, after reaching
the limits of his New York Laboatory with Tesla Coils operating at 4 million volts. The dry,
electrostatic filled air at the 2000 m facility in Colorado Springs facilitated his developments.
His primary and secondary co il s we r e 51 ft. in diameter, and it was here that he
developed the concept of an extra coil placed in series with the secondary but with loose
inductive coupling so as to enable large resonant amplification of voltage. In addition to the
development and improvement of the high power Tesla coil, Tesla concentrated on the
development of sensitive receivers necessary for detecting communication signals. On July
3, 1899, using these devices, Tesla monitored the progression of a passing thunderstorm,
observing electrical standing waves which he attributed to the storm's disturbance of the
earth's electrical charge and a corresponding propagation of this disturbance around the
conductive globe. Tesla also experimented with his single electrode x-ray tubes. The
oscillator reportedly operated at frequencies between 45KHz and 150 KHz, at voltages
between 12 MV and 18MV, and with secondary currents as high as 1100A [1,12,12,39].

Wardenclyffe Laboratory

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

TESLA'S Concept of Worldwide Wireless Power Transfer



Tesla outlined the requirements for wireless powcr distribution in patent 787.412,

describing the earth as "....behaving like a perfectly smooth or polished conductor of
inappreciable resistance with capacity and self-induction uniformly distributed along the axis
of symmetry of wave propagation”[41]. He described reflections of signals from antipodes,
the points on the globe diametrically opposite from the transmitter, as being similar to those
from the end of a conducting wire, thus creating stationary waves on the conductive surface.
He provided three requirements for resonance: 1) the earth's diameter should be equal to an
odd number of quarter wavelengths, 2) the frequency should be less than 20 KHz to
minimize

Hertzian radiation; and 3) most critical, the wave train should continue for a minimal period
which he estimates to be 1/12 second, and which represents the period of time for a wave to
propagate from and return to the source at a mean speed of 471,240 Km/sec. Tesla
conceived

the wave as propagating through the earth along a straight line path, the effect on the outside
surface being that of concentric rings expanding to the equator and then contracting until
reaching the opposite pole. Tesla also applied a fluid analogy to the earth and the water level
representing the earth's state of charge at any given point. While his earlier work emphasized
ground currents as the mechanism for transferring power, he later indicated that he had
conclusively demonstrated that "... with two terminals maintained at an elevation of not more
than thirty thousand to thirty five thousand feet above sea level, and with an electrical
pressure

of fifteen to twenty million volts, the energy of thousand of horse-power can be transmitted
over distances which may be hundreds, and, if necessary, thousands of miles. In am hopeful,
however that | may be able to reduce very considerably the elevation of the terminals now
required... "[42].

Summary of Tesla's Proof of Concept

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

within the inductive field of primary transmitter, with the ground serving as a return path.
Rationale for a Renewed Interest in Wireless Power Transfer

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

The legacy of Tesla speaks for itself in terms of his many and varied significant

inventions, his insightful pioneering understanding of physics and electrical engineering, his
tremendous drive and creative energy enabling him to constructively, work long hours on a
protracted basis guided by a keen sense of vision, his ability to visualize and test concepts in
his mind enabling him to achieve good results with little trail and error, and his genuine



concern for improving the condition of humanity. The breath of his accomplishments at
Colorado Springs with less than 8 months exemplifies these. The Colorado Springs
experiments focused primarily in the development of wireless communications, i.e.,

radio rather than wireless power transfer. As indicated by Marincic [18], 56% of his time was
spent

in developing the Tesla Coil, 21% on receivers for small signals, 16% on measuring the
capacity of the vertical antenna, and 6% on miscellaneous other research, including fireballs.
Wireless power transmission experiments were limited to small distances.

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

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

Recent Developments

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

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

Marincic, in his annotations of Tesla's Colorado Springs Notes [1,2] and his excellent

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

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



moment in the tower of Tesla's transmitter could be used to excite the Shummann
resonances in the earth-ionosphere cavity. They also hypothesized that Tesla intended to
use hit single electrode x-ray to both ionize a current path to the sphere of elevated
capacitance and to rectify the RF energy enabling the sphere to be electrostatically charged
at RF rates [20,21]

The sphere would then be discharged to ground, either naturally or via a second x-ray
device, at a Schumman resonance frequency. Corum and Corum have also verified that
Tesla's electrical measurements such as the attenuation constant, phase velocity, cavity
resonant frequency and Q are consistent with modem measurements [23] and that the loses
due to glow discharge around the transmitter would be small [21].

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

free space wavelengths) would require a virtual continuum of 43, 200 semicircular loops each
600 m in diameter, with a total conductor length equivalent to half the circumference of the
earth.

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

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

THE KEY ELEMENTS OF WORLDWIDE WIRELESS
POWER TRANSFER

The key elements of worldwide wireless power transfer consist of:

. source/transmitter

. path

. receiver

. system considerations

. environmental impact

. economic viability

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

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

Earth-Electrosphere/lonoshpere Cavity with Dielectric
Atmosphere

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

Spherical Cavity Modes

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

[24]. Tesla has indicated that very little power is required to maintain a state of resonance in
the cavity [21].

Waveguide Coupling

The key issue in wireless power transfer is how to couple power into and out of the cavity
with minimal, or at least acceptable loss. Corum and Corum have indicated that Tesla more
likely created the necessary current moments to excite the cavity by electrostatically charging
an isolated capacitance at RF rates via a single electrode x-ray tube and then suddenly
discharging this capacitance at a resonant frequency of the cavity [20-21]. They reported that
the currents measured by Tesla would have been sufficient to generate relatively weak ELF
global field strengths . Tesla noted that the discharge tended to pass upward away from
ground, which he attributed to either electrostatic repulsion, or convection of the heated air.



However, with such an electrically short tower, radiation into the cavity at cavity resonant
frequencies would not be sufficiently efficient for technical or commercial viability. And while
a resonating cavity would have purely reactive fields, and hence zero point radiation
resistance together with non-stationary fields would be required for power transfer within the
cavity. A radiative coupling approach appears to be infeasible for reasons stated above by
Marincic.

Transmission Line Coupling

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

Ground Currents

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

Power Loss

Power loss can occur in all elements of the path, which have finite conductivity: the

ground, the dielectric lower atmosphere, and the conductive upper atmosphere. Elaborate
and extensive ground planes are often constructed with antenna systems in order to
minimize resistive power loss to the ground. Since the ground is an intrinsic conductive
element, losses are inevitable, but can be reduced by operating at lower frequencies and/or
establishing distributed area contacts at the transmitter and receiver sites. The poor
conductivity of the Colorado Springs soil appears to have caused Tesla some difficulty [1]. At
Wardenclyffe, Tesla was planning to use saltwater filled with viaducts under the transmitter to
establish a good ground connection. Similar to the ground, atmospheric losses can be
reduced by operating at lower frequencies. This appears to conflict with Tesla's notion that



gases conduct better at high frequencies, but could be explained by higher dialectric losses.
One important feature to the wireless system is the possibility of storing power in the
resonating fields within the earth-ionosphere cavity, however, the feasibility of doing this will
be dependent upon the Q of the cavity and upon the relative amount of excess power being
stored therein. As Tesla had indicated, the power losses are reduced with higher operating
voltage since power would then be distributed at lower current levels. Precipitation can
dramatically change the conductivity of the atmosphere, and the effects of this on power
coupling need to be considered further.

Receiver

The receiver is the least understood element of the system, and one that is most crucial to
the system's success. For system using a radiative coupling mechanism, an antenna's
efficiency and size both benefit from higher operating frequencies which, as noted above,
increased the system's path losses. A transmission line approach would require
conductive/displacement coupling into the electrosphere, which requires invention and
development.

Tesla expressed confidence in being able to extract power for both individual and home use
as well as for powering ground and air transportation vehicles, as illustrated in an artist's
rendition [69]. He indicated in patent 649,621: "Obviously the receiving coils, transformer, or
other apparatus may be movable - at, for instance, when they are carried by a vessel
floating in the air or by a ship at sea. In the former case the connection of one terminal of the
receiving apparatus to the ground might not be permanent, but might be intermittently or
inductively established without departing from the spirit of my invention. IT is to be noted here
that the phenomenon here involved in the transmission of electrical energy is one of true
conduction and is not to be confounded with the phenomenon of electrical radiation which
have heretofore been observed and which from the very nature and mode of propagation
would render practically impossible the transmission of any appreciable amount of energy to
such distances as are of practical importance [36].

Tesla separately described the utilization of energy from ionized air, in connection with

his description of the art of telautomatics; "Most generally | employed receiving circuits in
the form of loops, including condensers, because the discharges of my high-tension
transmitter, ionized the air in the hall so that even a very small aerial would draw electricity
from the surrounding atmosphere for hours. Just to give an idea, | found for instance, that a
bulb 12 inches in diameter, highly exhausted, and with one single terminal to which a short
wire was attached, would deliver well on to one thousand successive flashes before all
charge of the air in the laboratory was neutralized..." [72]

Systems Considerations

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

Safety

A wireless power system would expose the entire biosphere to ELF fields of varying

intensity. The 78 Hz Seafarer/Sanguine/ELF submarine communication system provoked
health concerns, as do high-tension power lines. The fields of wireless and wire-based power
transmission systems need to be compared for equivalent power levels. There is much



speculation about the adverse effects of magnetic fields on health. However, recent reports
from PACE indicate that ELF energy at the lower Schumman resonance frequencies
constitute a natural biological clock [71]. The first four Schumman resonances frequencies
are within the range of brain wave activity. The fundamental mode is coincident with the theta
wave spectyrum, which ranges from 4 to 8 Hz, and is attributed to a normally unconscious
state with enhanced mental energy and a high level of creativity. [72] The next three
Schumma modes are coincident with the beta wave spectrum which ranges from 13 to 26
Hz, and is associated with the normal conscious state.

Environmental Impact

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

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

Weather Modification

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

Economic Viability

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

regulation and control of wireless power distribution will be difficult if physically constrained

to operate at selected resonant frequencies.

CONCLUSION

Times have changed since Tesla's initial investigations of wireless power. Tesla originally
envisioned a distributed network of relatively low level suppliers and users of wireless power,



and thought it would benefit remote users the most, although he also envisioned large scale
power distribution. Our power needs have dramatically increased over the past 100 years, as
have their complexity. Tesla expressed great confidence in the viability of wireless power
distribution, yet was unable to see its fruition after nearly 50 years of effort. The fulfillment of
his vision was undoubtedly impeded by limitation on funds and resources. Tesla
demonstrated that the earth can be electrically resonated. The key challenge to feasible
worldwide wireless power distribution is whether a means can be found for efficiently
coupling power into and out of the cavity formed by the earth, the atmosphere, and the
electrosphere/ionosphere.

Radiative coupling does not appear to be viable . A conductive approach is proposed which
is consistent with Tesla's original wireless concepts; this requires, however, further invention
and development. The receiver is the element requiring the most development to make
wireless power transfer feasible.
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Operating Principles of the Wardenclyffe Apparatus

Can you explain, within accepted laws of physics, what was Tesla
was trying to accomplish at Colorado Springs and on Long Island?

This appeared in the Electrical Review - N. Y., Nov, 30, 1898, pp. 344, 345,
"TESLA DESCRIBES HIS EFFORTS IN VARIOUS FIELDS OF WORK"

... Starting from two facts that the earth was a conductor insulated in space,
and that a body cannot be charged without causing an equivalent displacement
of electricity in the earth, | undertook to construct a machine suited for creating
as large a displacement as possible of the earth—s electricity.

This machine was simply to charge and discharge in rapid succession a
body insulated in space, thus altering periodically the amount of electricity in the
earth and consequently the pressure all over its surface. It was nothing but what
in mechanics is a pump, forcing water from a large reservoir into a small one
and back again. Primarily | contemplated only the sending of messages to
great distances in this manner, and | described the scheme in detail, pointing
out on that occasion the importance of ascertaining certain electrical conditions
of the earth. The attractive feature of this plan was that the intensity of the
signals should diminish very little with the distance, and, in fact, should not
diminish at all, if it were not for certain losses occurring, chiefly in the
atmosphere. As all my previous ideas, this one, too, received the treatment of
Marsyas, but it forms, nevertheless, the basis of what is now known as —
wireless telegraphy.— This statement will bear rigorous examination, but it is
not made with the intent of detracting from the merit of others. On the contrary,
it is with great pleasure that | acknowledge the early work of Dr. Lodge, the
brilliant experiments of Marconi, and of a later experimenter in this line, Dr.
Slaby, of Berlin. . . .

In 1899 Tesla arrived at the conclusion that he could periodically alter "the
pressure all over [the earth's] surface."” This could not have been an idle
prediction. Real-world observations involving operating experimental apparatus
must have played a significant role in the process.

I've read that,

in 1907 Jonathan Zenneck formulated a special surface wave solution to
Maxwell's equations ["Uber die Fortpflanztmg ebener elektro-magnetischer
Wellen langs einer ebenen Leiterflache und ihre Beziehung zur drahtlosen
Telegraphie,"” Annalen der Physik, Vol. 23, September 20, 1907, pp. 846-866
and "Uber die Wierkungsweise der Sender fino gerichtete drahtlose
Telegraphie,” Physik. Zeitschrift, Vol. 9, 1908, pp. 50 and 553-556] that was
fundamentally different from the free-space waves studied by Hertz in 1887.
[Corum, K. L. and J. F. Corum, "The Zenneck Surface Wave," Appendix Il of
"Nikola Tesla, Lightning Observations, and Stationary Waves," 1994.]

And, in the 1916 interview Tesla said, ". . . the mathematical treatise of [Arnold]
Sommerfeld, . . . shows that my theory is correct, that | was right in my



explanations of the phenomena. . . ." The paper, "Uber die Ausbreitlung der
Wellen in der drahtlosen Telegraphie,” ['Propagation of Waves in Wireless
Telegraphy,” Annalen der Physik, Vol. 28, March, 1909, pp. 665-736] contained
a formal analytical solution for the radiation from a short vertical monopole over
a finitely conducting ground, and was written within the context of Zenneck's
1907 formulation. It posits,

Two contrasting concepts arise which may be designated by the terms
'space waves' and 'surface waves.' The Hertzian electrodynamic waves are
[space waves]. Electrodynamic waves on wires are typical surface waves. . . .

Then Sommerfeld goes on to ask,

With which type are the waves utilized in wireless telegraphy to be
identified? Are they like Hertzian waves in air or electrodynamic waves on
wires?

In his review of this paper the late James R. Wait points out that,

Sommerfeld obtained exact expressions for the field components in the form of
integrals which were then evaluated asymptotically. . . . In an attempt to explain
the physical nature of his solution, he divided the expressions for the field into a
'space wave' and a 'surface wave'. Both parts, according to Sommerfeld, are
necessary in order to satisfy Maxwell's equations and the appropriate boundary
conditions. He found that the 'surface wave' part of the solution had almost
identical properties to the plane Zenneck surface wave. The field amplitudes
varied inversely as' the square root of the horizontal distance from the source
dipole. Furthermore it was a fast wave and it decayed exponentially with height
above the interface. ["Electromagnetic Surface Waves," in Advances in Radio
Research. J.A Saxton, editor, Academic Press, Vol. 1, 1964, pp. 157-217. (See
Corrections in Radio Science, Vol. 69D, #.1, 1965, pp. 969-975.)]

Analytically, the issue arose as follows:

After Somrnerfeld formulated the wave function for a vertical infinitesimal
dipole as an infinite integral and noted that the integral around the pole of the
integrand is the wave function for a surface wave, which at great distances is
identical with the Zenneck wave, no one questioned the reality of Zenneck's
surface wave. [Wise, W.H, "The Physical Reality of Zenneck's Surface Wave,"
Bell System Technical Journal, Vol. 16, January, 1937, pp. 35-44.]" [Corum and
Corum, 1994, loc cit.]

Getting back the original "mathematical treatise,” Sommerfeld concluded,
Zenneck surface waves appear as an important and occasionally
predominant component of the electromagnetic field accompanied by space

waves, which on their part predominate under certain other conditions.

How might the surface-wave be made to predominate? For one, significant
presence of this component appears to be very much frequency dependent.



Tesla asserted, "I only used low [frequency] alternations, and | produced 90
percent in current energy and only 10 percent in electromagnetic waves . . . and
that is why | got my results."
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Zenneck wave field strength decrease for around-the-world propagation
as a function of frequency in kHz.

Another condition is the physical geometry of the launching structure. After a
series of experiments performed in 1937, Charles Burrows of Bell Labs
concluded, "The surface wave component of Sommerfeld is not set up by
simple [monopole] antennas on the surface of the earth. . . ." such as modeled
by Sommerfeld in his analysis. [Burrows, C.R, "The Surface Waves in Radio
Propagation Over Plane Earth,"” Proceedings of the IRE, Vol. 25, No.2,
February, 1937, pp. 219-229].

A paper by Yu. V. Kistovich, "Possibility of Observing Zenneck Surface Waves
in Radiation from a Source with a Small Vertical Aperture” [Soviet Physics
Technical Physics, Vol. 34, No.4, April, 1989, pp. 391-394] appears to shed
further light on what an appropriate geometry for launching the Zenneck surface
wave might be.

Kistovich notes that it is known that the asymptotic expansion of the field of a
vertical electric dipole does not manifest a Zenneck wave, ". . . and it is inferred
from this result that a Zenneck surface wave is never generated by sources with
a small vertical aperture. This opinion is widely held in radiophysics at the
present time." However, he and his colleagues have found, both analytically
and experimentally, that it is possible to use small "resonators" to excite a
Zenneck wave that is observed to be 10-20 dB stronger than radiation fields.
They also found that both traveling and standing Zenneck waves can be
excited. [Schelkunoff and Friis clearly delineate the distinction between a
guarter wave resonator and a quarter wave radiator in terms of the in-phase
"feed current” (which supplies the radiated power) and the "quadrature current”
(which supplies the resonant oscillations of the structure) [Schelkunoff, S., and
H.T. Friis, Antennas: Theory and Practice, Wiley, 1952, pp. 352-353]. Without
the "feed current” component, the base impedance of an ideal lossless series-
resonant quarter wave monopole would drop to zero at resonance despite the



fact that the reactive "quadrature current” would be infinite [Schelkunoff and
Friis, ibid, pg. 252.]]. . .

As it turns out, the Zenneck wave is generally difficult to excite with a realistic
source because it has a rather slow decay with height above the earth's
surface. But there is still an open question whether other types of sources may
not be more favorable. . . . An infinite vertical aperture with a height variation
corresponding to that of the Zenneck wave will excite only the Zenneck surface
wave with no radiation field. . . . The infinite Zenneck aperture excites no
radiation field and the pure Zenneck surface wave is the expected result. . . ."
[Hill, D. and J.R Wait, "Excitation of the Zenneck Surface Wave by a Vertical
Aperture," Radio Science, Vol. 13, No.6, November-December, 1978, pp. 969-
977.] This analysis examined the fields produced by a vertical sheet of
horizontally directed magnetic current with an exponential variation in [a] vertical
aperture. . . called an 'infinite Zenneck aperture,’ and such a source truly
"excites a pure Zenneck wave with no radiation field." [Corum and Corum,
1994, loc cit.]

Furthermore, it should be remembered that in Colorado Springs Tesla was at
times using frequencies in the area of 5 kHz and below, well below those to be
expected from any realistically sized helical resonator by itself. The extra colil of
his large 1899 oscillator vibrated at about 100 kHz which suggests that Tesla
had developed a technique for producing a very low frequency (VLF) output
from this low frequency (LF) machine.



REDISCOVERING THE ZENNECK SURFACE
WAVE

by Gary Peterson

In 1916 while speaking of his system for global transmission, Nikola Tesla cited
the analysis of mathematician Arnold N. Sommerfeld as verification of his
explanations of observed radio phenomena. Tesla was referring to his system
in which, he claimed, 90% to 95% of the electrical energy was manifested at the
transmitters output as "current waves" with the remainder existing as dissipating
electromagnetic radiation (see Antenna Theory). In 1909 another investigator
by the name of Johann Zenneck, while working to explain Marconi's trans-
oceanic results, showed that a unique type of surface wave could travel along
the interface between the ground and the air. In the words of James Corum,

"The distinguishing feature of the Zenneck wave was that the propagating
energy didn't spread like radiation, but was concentrated near the guiding
surface. Sommerfeld had shown that an electromagnetic wave could be guided
along a wire of finite conductivity, and Zenneck conceived that the earth's
surface would perform in a manner similar to a single conducting wire." [see
"Operating Principles of the Wardenclyffe Apparatus"]

In commenting on Sommerfeld's analysis of the surface wave, James R. Wait
states that "The field amplitude varies inversely as the square root of the
horizontal distance from the source. . . ." It's interesting to note that
Sommerfeld made a point of distinguishing between the "electrodynamic”
surface wave and its Hertzian counterpart the space wave, believing that both
components could be present in varying proportion in the wave complex. It was
Tesla's assertion that the exact composition of the emissions was dependent
upon the design of the transmitter.
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Geometry for Zenneck wave propagation.
According to James Corum's mathematical analysis of the Zenneck wave,

"The resulting wave is a surface guided (single conductor) transmission line
mode which attenuates exponentially along the guide. . . . There is no inverse
square spreading or diffraction, as with Hertzian waves. . . . With appropriate
constitutive parameters, a pure Zenneck wave would seem to hold out the
promise of guided propagation with no radiation field to waste energy."



As the study of radio propagation progressed and certain mathematical
analyses excluded it, some question as to the existence of Zenneck surface
waves began to develop. In 1937 limited support was given to these doubts
after tests showed simple antennas driven at 150 mHz produced 100 times
lower field strength than predicted. More recent investigations show evidence
that Zenneck waves can, indeed, be generated. The lower the frequency, the
lower are the propagation losses. It is also apparent that they are not a major
contributor to the field produced by an electric dipole or a quarter wave radiator,
however they might be excited by an energetic quarter wave resonator. To
quote Hill and Wait,

"As it turns out, the Zenneck wave is generally difficult to excite with a realistic
source because it has a rather slow decay with height above the earth's
surface. But there is still an open question whether other types of sources may
not be more favorable. . . . An infinite vertical aperture with height variation
corresponding to that of the Zenneck wave will excite only the Zenneck surface
wave with no radiation field. . . ." [Hill, D. and J.R. Wait, "Excitation of the
Zenneck Surface Wave by a vertical Aperture,” Radio Science, Vol. 13, No. 6,
November-December, 1978, pp. 969-977.]

And to once again quote Dr. Corum,

"The 1978 analysis provided by Hill and Wait examined the fields produced by a
vertical sheet of horizontally directed magnetic current with an exponential
variation in an 'infinite Zenneck" aperture. . . . The analysis . . . showed that this
field has no intrinsic merit at 1 to 10 MHz, and we certainly agree. One
wonders, however (and this is pure conjecture at this point), if the disposition of
Tesla's Colorado Springs high voltage (10-20 Mv) VLF resonator did, in fact,
possess an effective vertical distribution of magnetic current which could launch
a similar Zenneck Surface Wave. . . ."

Plots of field strength vs. frequency indicate that a Zenneck wave propagates
best at ELF and VLF frequencies up to about 35 kHz and begins to lose its
advantage as frequency rises above this point.
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propagation as a function of frequency in kHz.
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The complex longitudinal propagation phase constant along the Earth's surface
for the Zenneck surface wave.

The Zenneck Surface Wave vs. the Norton
Surface Wave

A 1/2-wave dipole antenna in free space--the Hertz antenna--approaches an
ideal source of electromagnetic radiation emitted in the form of space waves.
These space waves can reach the receiver either by sky-wave propagation or
by ground-wave propagation, the latter being the portion of the radiated space
wave that propagates close to the earth's surface. The ground wave has both
direct-wave and ground-reflected components, and under certain conditions a
tropospheric ducting component. The direct-wave is limited only by the
distance to the horizon from the transmitter plus a small distance added by
atmospheric diffraction around the curvature of the earth. The ground-reflected



portion of the radiated wave reaches the receiving antenna after being reflected
from the earth's surface.

There is also an induced ground-hugging surface-wave component known as
the Norton surface wave. This wave is the result of electrical currents induced
in the ground by refraction of a portion of the reflected-wave component at the
earth-atmosphere interface. Upon reflection from the Earth's surface the
reflected wave undergoes a 180deg phase reversal. When both transmitting
and receiving antennas are on, or close to, the ground, and the distance
between them becomes great, the direct and reflected components tend to
cancel out, and the resulting field intensity is principally that of this surface
wave. Because part of its energy is absorbed by the ground, the electrical
intensity of the surface wave is attenuated at a much greater rate than inversely
as the distance. It is the conductivity of the underlying terrain that determines
the attenuation of the surface-wave field intensity as a function of distance. The
ground currents of a vertically polarized surface wave do not short-circuit a
given electric field but rather serve to restore part of the used energy to the
following field. The better the conducting surface layer, the more energy
returned and the less energy absorbed. [Antennas and Radio Propagation, TM
11-666, Dept. of the Army, Feb. 1953, pp. 17-23.]

It is useful here to consider two additional forms of wireless telecommunications
antennas or launching structures, the Marconi antenna, a vertical 1/4-wave
monopole antenna element and the Tesla antenna, a vertical high aspect-ratio
1/4-wave helical resonator with large capacitive top loading and small overall
height, compared to the electrical 1/4 wavelength. In both cases the structure is
base fed, and a ground connection is used.

The Marconi antenna is a modified 1/2-wave Hertz antenna adapted to the real-
world conditions encountered in the construction of medium and low frequency
transmitters. These adaptations are imposed by the wavelength involved and
the resulting physical dimensions required of the antenna. The dipole antenna
is modified in that its lower half, 1/4 wavelength long, exists only as a mirror
image of its upper counterpart. The resulting 1/4-wave vertical monopole
antenna takes advantage of the fact that at lower frequencies the ground acts
as a mirror for the radiated energy. The ground reflects a large amount of the
energy that is radiated downward from the antenna mounted over it. In the
physical construction of the ground connection is important to have as high a
conductivity as possible. The object is to provide the best possible reflecting
surface for the energy radiated downward from the antenna. The ground
consists of a number of bare conductors arranged radially and connected, 1/2
wavelength long, buried a short distance beneath the earth's surface. In
practice these conductors may act as part of the reflecting surface as well as
making the connection to ground itself. An alternative type of ground is the
counterpoise. It is a wire structure erected a short distance above the ground,
and insulated from the ground. The counterpoise operates by virtue of its
capacitance to the ground. Not unlike the Hertz antenna, the Marconi antenna
is a source electromagnetic radiation in the form of space waves.



The Tesla antenna is a form of wireless antenna or wave launching structure
developed by Nikola Tesla in which the transmitted energy propagates or is
carried to the receiver by a combination of electrical current flowing through the
earth, electrostatic induction and electrical conduction through plasma with an
embedded magnetic field. Of course it is also part of an electric dipole,
consisting of the elevated capacitance, the helical resonator and master
oscillator plus connections, and the Earth itself. The above-ground structure is
not intended as a source of electromagnetic radiation, rather, it is designed to
minimize the production of electromagnetic radiation. The principle that the
ground acts as a mirror, which reflects electromagnetic energy radiated
downward by the antenna mounted over it, is not applicable.

In operation, the Tesla launching structure induces an electrical current in the
earth between the transmitting and receiving stations, along with an associated
surface wave, that propagate the transmitted energy. A conducting path is also
establish through the rarified upper level atmosphere between the transmitting
and receiving stations elevated high voltage terminals, leading Tesla to coin the
term "disturbed charge of ground and air method." He stated that this method
involves electrical conduction and that energy escapes from the system in the
form of electromagnetic radiation. The conducting media are the earth and the
atmosphere above 5 miles elevation. While the region from 5 miles up to the
ionosphere is not an ohmic conductor, the density or pressure is sufficiently
reduced to so that, according to Tesla—s theory, the atmosphere—s insulating
properties can be easily impaired allowing an electric current to flow. His theory
further suggests that the conducting region is developed through the process of
atmospheric ionization, shifting the effected portions thereof to a plasma state.
A magnetic field is developed by each plant—s helical resonator, meaning that
an embedded magnetic field is also involved. The atmosphere below 5 miles is
also viewed as a propagating medium for a portion of the above ground circuit,
and being an insulating medium, electrostatic induction or —displacement
current— would be involved rather than true electrical conduction. Tesla felt
that with a sufficiently high electrical potential on the elevated terminal the
practical limitation imposed upon its height could be overcome. He anticipated
that a highly energetic transmitter would charge the elevated terminal to the
point where the atmosphere around and above it would break down and
become ionized, leading to a flow of true conduction currents between the two
terminals through the troposphere path connection.

Now, Sommerfeld described an electrodynamic wave that is guided along a
wire of finite conductivity and Zenneck expanded upon this description,
asserting that the earth's surface performs in a manner similar to a conducting
wire. And, while the Norton Surface Wave is the result of electrical currents
induced in the ground by refraction of a portion of the reflected-wave
component of the ground-wave at the earth-atmosphere interface, the surface
wave associated with Tesla—s apparatus is the result of electrical ground
currents flowing between two discrete points on the earth—s surface. Unlike
the lossy Norton surface-wave that is excited by a conventional AM radio
transmitter it would seem that Tesla—s surface wave would not diminish quite
as significantly as the distance from the source facility increases. [See "A
Comparison of the Tesla and Marconi LF Wireless Systems"]




[This piece is derived from "The Zenneck Surface Wave," Appendix Il of the paper
entitled "Nikola Tesla, Lightning Observations and Stationary Waves" by K. L. Corum
and J. F. Corum, Ph.D. 1994., presented at the 1994 Colorado Springs Tesla
Symposium. This and other papers are available through PV Scientific Instruments'
Tesla Reprint Page. See also The Purpose of the Wardenclyffe Tower.]




A Comparison of the Tesla and Marconi Low-
Frequency Wireless Systems

What is the difference between present day low-frequency wireless
transmitters and Tesla's system? When used as a wireless transmitter
how does the performance/efficiency and characteristics of an electrical
oscillator change when working with a sphere capacitor antenna, rather
than working with a conventional monopole antenna?

In answering this question, three basic forms of wireless telecommunications
antennas or launching structures are considered. All three consist of an electric
dipole excited with an identical impedance matched high voltage radio
frequency power supply. The first is the Hertz antenna, a vertical 1/2-wave
dipole antenna, center fed, positioned 1/2 wavelength above the ground.
Needless to say, this is not a practical configuration at low frequencies. Next is
the Marconi antenna, a vertical 1/4-wave monopole antenna element with its
lower end at ground level. A vertical conductor with no loading coil and no
capacitive top loading is assumed. It is fed at its base by the standard RF
power supply plus an appropriate matching section, with the opposing terminal
grounded. Third is the Tesla launching structure, a vertical high aspect-ratio
1/4-wave helical resonator with large capacitive top loading and small overall
height as compared to the electrical 1/4 wavelength. The 1/4-wave resonator is
base fed by the standard RF power supply plus an appropriate matching
section, with the opposing terminal grounded. In the second and third cases a
ground connection is used, and this must be constructed in such a way as to
introduce the least possible resistance to ground.

Comparing these three configurations it is assumed the Hertz antenna, a
physical embodiment of an electric dipole in free space, approaches an ideal
source of electromagnetic radiation emitted in the form of space waves. These
space waves can reach the receiver either by ground-wave propagation or by
reflection from the ionosphere, known as sky-wave propagation. Sky-wave
propagation will not be discussed here.

The Marconi antenna is a modified 1/2-wave Hertz antenna. It is adapted to the
real-world conditions encountered in the construction of low frequency
transmitters. These adaptations are imposed by the wavelength involved and
the resulting physical dimensions required of the antenna. The dipole antenna
is modified in that its lower half, 1/4 wavelength long, exists only as a mirror
image of its upper counterpart. The resulting 1/4-wave vertical monopole
antenna takes advantage of the fact that at low frequencies the ground acts as
a mirror for the radiated energy. The ground reflects a large amount of the
energy that is radiated downward from the antenna mounted over it. In the
physical construction of the ground connection is important to have as high a
conductivity as possible. The object is to provide the best possible reflecting
surface for the downward radiated energy from the antenna. The ground
consists of a number of bare conductors arranged radially and connected, 1/2
wavelength long, buried a short distance beneath the earth's surface. In
practice these conductors may act as part of the reflecting surface as well as



making the connection to ground itself. An alternative type of ground is the
counterpoise. It is a wire structure erected a short distance above the ground,
and insulated from the ground. The counterpoise operates by virtue of its
capacitance to the ground. Not unlike the Hertz antenna, the Marconi antenna
is a source electromagnetic radiation in the form of space waves. Typically,
these waves, that is to say the ground waves, take a direct or reflected path
from the transmitter to the receiver. They may also be guided by the earth's
surface as a ground-hugging Norton surface wave. The direct-wave component
of the ground wave is limited only by the distance to the horizon from the
transmitter plus a small distance added by atmospheric diffraction around the
curvature of the earth. The ground-reflected component is the portion of the
radiated wave that reaches the receiving antenna after being reflected from the
Earth's surface. Prevailing wave propagation theory teaches that the surface-
wave component is wholly the result of electrical currents induced in the ground
by refraction of a portion of the reflected-wave component. Upon reflection from
the Earth's surface the reflected wave undergoes a 180deg phase reversal.
When both transmitting and receiving antennas are on, or close to, the ground,
and the distance between them approaches the above-described limit, the
direct and reflected components tend to cancel out, and the resulting distant
field intensity is principally that of the surface wave. Because part of its energy
is absorbed by the ground, the electrical intensity of the surface wave is
attenuated at a much greater rate than inversely as the distance. It is the
conductivity of the underlying terrain that determines the attenuation of the
surface-wave field intensity as a function of distance. The ground currents of a
vertically polarized surface wave do not short-circuit a given electric field but
rather serve to restore part of the used energy to the following field. The better
the conducting surface, the more energy returned and the less energy
absorbed. [Antennas and Radio Propagation, TM 11-666, Dept. of the Army,
Feb. 1953, pp. 17-23.]

Of course the Tesla launching structure is also part of an electric dipole,
consisting of the elevated capacitance, the helical resonator plus connections,
and the Earth itself. The above-ground portion is not intended as a source of
electromagnetic radiation, rather, it is designed to minimize the production of
electromagnetic radiation. [The working of the structure's helical resonator may
be associated with a transverse magnetic wave. [Corum and Corum] and with
an interaction with the Earth's magnetic field [Papadopoulos.] The principle that
the ground acts as a mirror, which reflects electromagnetic energy radiated
downward by the antenna mounted over it, is not applicable. In operation, the
Tesla launching structure induces ground currents in the earth along with an
associated surface wave (this may be similar to the Zenneck surface wave)
which propagate the transmitted energy. At the Wardenclyffe facility the ground
connection consisted of a 300-foot long vertical pipe driven downward from the
bottom of a 120-foot deep shaft, placing the maximum depth of the installation
beneath the earth's surface at 420 feet. A conducting path is also establish
through the rarified upper level atmosphere between the transmitting and
receiving stations elevated high voltage terminals, leading to the name "air-
ground system."” Tesla clearly stated that his system used conduction and that
energy escapes from the system in the form of electromagnetic radiation. The
conducting media are the earth below and the atmosphere above 5 miles




elevation. While the region from 5 miles up to the ionosphere is not an ohmic
conductor, the density or pressure is sufficiently reduced to so that, according to
Tesla—s theory, the atmosphere—s insulating properties can be easily
impaired allowing an electric current to flow. His theory further suggests that
the conducting region is developed through the process of atmospheric
ionization, shifting the effected portions thereof to a plasma state. A magnetic
field is developed by each plant—s helical resonator, meaning that an
embedded magnetic field is also involved. The atmosphere below 5 miles is
also viewed as a propagating medium for a portion of the above ground circuit,
and being an insulating medium, electrostatic induction or so called —
displacement currents— would be involved rather than true electrical
conduction. Tesla felt that with a sufficiently high electrical potential on the
elevated terminal the practical limitation imposed upon its height could be
overcome. He anticipated that a highly energetic transmitter, as was intended
at Wardenclyffe, would charge the elevated terminal to the point where the
atmosphere around and above it would break down and become ionized, (see
U.S. Patent No. 645,576, —System of Transmission of Electrical Energy—)
leading to a flow of true conduction currents between the two terminals through
the troposphere path connection.

Assuming individually optimized RF power supplies and grounding systems, the
only other difference between the Marconi antenna and the above-ground
portion of the Tesla launching structure is in the geometry. Using a frequency
of, say, 25 kHz, a idealized quarter-wave Marconi-type antenna would consist of
a vertical conductor extending about 9,750 feet above the earth's surface. A
Tesla-type launching structure for the same frequency would be much shorter,
the bottom third or so consisting of a helical resonator followed by a relatively
large conducting cylinder connected to a spherical or torriod-shaped terminal of
large surface area.

The problem is to characterize the performance of these two different structures
in response to the application of the rapidly varying alternating current. In the
first case, antenna theory indicates that with proper coupling between the
transmission line and the antenna, the structure will be an efficient radiator of
electromagnetic energy. Because the velocity of the electric current in the
conductor is finite, it takes some time for the applied charge to build up on the
antenna. The electric field follows the charges moving along the monopole
antenna and the lines tend to spread out toward the position they would occupy
under static charge conditions. During the next quarter cycle, the monopole is
discharged and some of the field lines break away to form closed loops. Energy
continues to propagate out into space as long as there is excitation. The
implication here is that energy is irretrievably lost from the monopole. This lost
energy exists in the form of electromagnetic radiation, that is to say, radio
waves. Along with the field energy lost or radiated by the monopole, a certain
fraction of the energy returns to the vertical conductor during each RF cycle.
Consequently, it might be said that the fields near the antenna represent both
energy storage and radiation components, with the storage component falling
off as the distance increases. [The Radio Amateurs Handbook, ARRL, 1978,
Chapter 21 -- Radiation and Antennas, p. 588]




In the case of the Tesla-type launching structure it appears the delay effect
responsible for the dissipating radiation of energy, such as manifested with a
quarter-wave monopole, is reduced and the stored-energy component of the
electric field is increased. While the amount of time expended to charge the
structure remains the same as with the Marconi antenna, the overall distance
between the bottom feed-point and the structure's upper extremity is much
smaller. For example, if the structure were to be 500 feet in height, when
compared with the monopole the greatest overall distance the wave disturbance
or a point of charge could move would be in the order of 5 percent. The field
throughout space would follow the charge movements more efficiently. This
implies that once the polarity of the RF source reversed a greater proportion of
the energy in the field would return to the transmitting element and
electromagnetic radiation would be suppressed. Much of the RF energy, which
in the case of the Marconi antenna is dissipated in the form of electromagnetic
radiation, is physically retained within the oscillating system.

A considerable expenditure might be expected for the complete antenna
structure of a conventional long wave wireless facility—if it is to perform
efficiently. Installing the grounding system would not be much of a problem.
Somewhat the opposite would be the case in the construction of a proper
magnifying transmitter. Here is a little of what Tesla had to say about this:

"You see the underground work is one of the most expensive parts of the tower.
In this system that | have invented it is necessary for the machine to get a grip
of the earth, otherwise it cannot shake the earth. It has to have a grip on the
earth so that the whole of this globe can quiver, and to do that it is necessary to
carry out a very expensive construction. | had in fact invented special machines.

In conclusion, it appears fundamentally identical electrical oscillators consisting
of an RF power supply, an elevated conductor and a robust ground connection
can be configured in ways which are conducive to the production of two
different types of surface wave. It is proposed that low frequency wireless
communications can be accomplished by the production of either
electromagnetic radiation in the form of space wave induced ground currents
and an accompanying electromagnetic wave called the Norton surface wave, or
the generation of a pulsed magnetic field and production of ground currents
flowing between the transmitter and the receiver resulting in an accompanying
trapped electromagnetic surface-wave bearing a resemblance to the Zenneck
surface wave. Once again to quote Tesla,

"From my circuit you can get either electromagnetic waves, 90 percent of
electromagnetic waves if you like, and 10 percent in the current energy that
passes through the earth. Or, you can reverse the process and get 10 percent
of the energy in electromagnetic waves and 90 percent in energy of the current
that passes through the earth.

"It is just like this: | have invented a knife. The knife can cut with the sharp
edge. | tell the man who applies my invention, you must cut with the sharp
edge. | know perfectly well you can cut butter with the blunt edge, but my knife



is not intended for this. You must not make the antenna give off 90 percent in
electromagnetic and 10 percent in current waves, because the electromagnetic
waves are lost by the time you are a few arcs around the planet, while the
current travels to the uttermost distance of the globe and can be recovered.

"This view, by the way, is now confirmed. Note, for instance, the mathematical
treatise of Sommerfeld, ["Propagation of Waves in Wireless Telegraphy,” Arnold
N. Sommerfeld, Ann. Phys. (Leipzig), 28, 1909, pp. 665-737.] who shows that
my theory is correct, that | was right in my explanations of the phenomena, and
that the profession was completely misled. This is the reason why these
followers of mine in high frequency currents have made a mistake. They
wanted to make high frequency alternators of 200,000 cycles with the idea that
they would produce electromagnetic waves, 90 percent in electromagnetic
waves and the rest in current energy. | only used low alternations, and |
produced 90 percent in current energy and only 10 percentin
electromagnetic waves, which are wasted, and that is why | got my
results.” (Nikola Tesla On His Work With Alternating Currents and Their
Application to Wireless Telegraphy, Telephony and Transmission of Power)
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The World Broadcast System

When Tesla's work in Colorado was completed, he returned to New York in mid
January of 1900 [58]. He immediately applied for a patent on the wireless telegraphy
system that he had been perfecting in Colorado; however, the patent was not granted
until 1905 [59]. This patent described the stationary wave theory and stated that three
conditions had to be met before the system would work. First, the frequency had to be
such that the diameter of the earth would be an odd multiple of the quarter wavelength
of that frequency. Tesla believed that the current for the transmitter traveled directly
through the center of the earth, but more likely, it travels around the circumference. If
this were so, then the distance from pole to pole along the surface of the earth would
have to be used instead of the diameter, for calculating the frequency. The second
condition was that the frequency should, for ideal results, not exceed 20 KHz, or
radiation loss would impair the action of the transmitter. The third condition was that
the wave train of the oscillator must last at least 1/12 of a second. That is the time that it
took for the signal to go to the other side of the earth and return.

Along with this, the patent also contains a receiving circuit that uses a synchronous
rotary rectifier to detect signals. This circuit bears close resemblance to the "tickers™ or
tone wheels used a few years later with the Poulson Arc transmitters. In the tone wheel,
a rapidly spinning wheel interrupts the radio signal from the antenna and heterodynes
with it to produce a shrill whistle that could be heard easily with headphones. Tesla's
device would be for lower frequencies so he planned to have it more carefully
synchronized to produce almost pure direct current. For the detection of signals that
were too faint for headphones, Tesla proposed using a device he had invented in 1891 to
respond to the direct current from the rectifier. This device consisted of an evacuated
glass bulb with an electrode in the center. When this was connected to a high voltage
transformer powered by an alternator (of high frequency), an electron "brush™ was
formed. This brush was so sensitive to electric and magnetic fields that a one-inch
horseshoe magnet at six feet would cause it to be deflected.

After succeeding in sending signals 600 miles in Colorado, Tesla felt that his long wave
system was ready for full scale use. He set out immediately to design and build a giant
Magnifying Transmitter on Long Island that would be able to send signals across the
Atlantic to England. Beyond just replacing the underwater telegraph cables, Tesla
conceived of a much more ambitious plan. Up to that time, most scientists were only
interested in using radio for point-to-point transmission. Tesla, however, saw that wide
range broadcasting was possible.



Tesla was not sure if a single transmitter could be picked up all over the world (he had
not tested his vacuum bulbs yet), so he suggested that a global network of relay stations
might be required. He called this idea the "World System" and in 1902, he published an
article explaining some of the points of the plan. This was printed during the
construction of the transmitter.

1. Interconnection of the existing telegraph exchanges or offices all over the world;

2. Establishment of a secret and non-interferable government telegraph service;

3. Interconnection of all the present telephone exchanges or offices all over the
globe;

4. Universal distribution of general news, by telegraph or telephone in connection
with the Press;

5. Establishment of a World System of intelligence transmission for exclusive
private use;

6. Interconnection and operation of all stock tickers of the world;

7. Establishment of a world system of musical distribution, etc.;

8. Universal registration of time by cheap clocks indicating the time with
astronomical precision and requiring no attention whatever;

9. Facsimile transmission of typed or handwritten characters, letters, checks, etc.;

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

11. Inauguration of a system of world printing on land and sea;

12. Reproduction anywhere in the world of photographic pictures and all kinds of
drawings or records; [60]

To help accomplish these things, Tesla was involved in the development of a number of
new inventions. He was doing experiments with Selenium to see if pictures could be
transmitted [61]. This was the same approach that John Logie Baird used twenty years
later when he invented television. Another invention was a technique to allow more
careful individualization of signals. Tesla could already tune his transmitters, but with
very sensitive receivers at great distances, he had difficulty with static. In this new
system, two transmitters of different frequencies were used. They were arranged to emit
their impulses simultaneously and would both send the same telegraph message. The
receiver was also made up of two circuits, each tuned to one of the broadcast
frequencies. The signal coming into each of the circuits would operate a relay, and the
two relays would be connected in a logic "and" circuit, which would reject any impulse
that did not come from both receivers at the same time. This ingenious system would
have solved the difficulty of signal interference that was a problem to all experimenters
of that time. Although Tesla could tune his equipment with much greater success than
other more primitive systems, he was looking to the time when many stations would be
operating within close limits of each other.

Tesla did not want to build a separate Magnifying Transmitter for each frequency (at
least not for telegraphy transmission), so he developed a way for one transmitter to send
signals on many frequencies at the same time, thus creating a wave complex. Naturally
it is not easy to make a circuit oscillate at different frequencies, but Tesla invented a
means of allowing the transmitter to send impulses in a rapid succession of changing
frequencies. This would have been done with a complex system of rotary breaks and
tuning coils. This could still be used in the double circuit system just described because



the impulses would be separated by an insignificant amount of time (thousand of pulses
per second would probably have been used). It would be logical to assume that at least
three or four frequencies could be sent in this manner by one station, and as many as ten
might have been possible.

As far as the secret transmissions that Tesla spoke of, we can only speculate. It would
not have been difficult to send two meaningless sounding signals in which those
impulses common to both signals contain the message. It is indeed unfortunate that
more is not known about Tesla's plans. He was a very great thinker, and he was hard at
work to develop wireless to its highest potential.

The Shoreham Transmitter

In the fall of 1900, Tesla received $150,000 from J.P. Morgan to build his transmitting
station [62]. Along with $50,000 from other wealthy friends, Tesla began work on the
construction of an oscillator of incredible size and power.

On March 21 of 1901, Tesla arranged for the Westinghouse Electric Company in
Pittsburgh to make the transformers and generators that he needed to power the
oscillator [63]. During the entire project, Tesla worked closely with the engineers at
Westinghouse Co. in designing apparatus. He had chosen a site on Long Island near the
city of Shoreham for the transmitter. 200 acres of land were bought from James
Warden, the manager and director of the Suffolk County Land Company (This area near
Shoreham was then called Wardenclyffe). Twenty acres of the wooded property were
cleared for building, and Tesla hoped to purchase an additional 2000 acres in the future
of the "Radio City" which he hoped to start there [64].



Tesla employed about fifty people in this new project, including guards to keep people
away from the area. Tesla feared that someone might steal some of his inventions (many
of which he never patented), and he wished to keep things quiet until he was finished.
The famed architect, Stanford White, who was a personal friend of Tesla's, designed a
laboratory building (seen above) that would house the power plant and oscillator [65].
Five or six other buildings were to be built later on. Tesla may have planned to build a
number of transmitters at that site as his company expanded.

The laboratory was a brick building about 100 feet square and as tall as a two-story
building. It was completed in a few months, and the concrete footings for a huge tower
were laid 250 feet south of the building. Tesla had ordered a couple of 100 horsepower
steam engines and they were installed in the power plant in November of 1901. A 300-
kilowatt Westinghouse Alternator (above) was installed later. The laboratory building
was divided into four parts: the boiler room, the engine and dynamo room, a workshop
containing eight metal lathes, and a laboratory. The building also houses offices and a
small library.

The oscillator, for what would have been the largest Tesla Coil ever built, was contained
in the building and would be connected to the primary of the Magnifying Transmitter by
underground cable [66]. Four seven-foot high steel tanks filled with oil were to contain
the high voltage transformer. Seven more tanks would house the condenser bank, and
one special tank was to be filled with a system of coils and regulating apparatus for
controlling the frequency and power of the oscillations. Not all of this equipment was
installed, but even when not finished, the inside of the lab was an impressive sight. Its



huge tanks and giant pieces of machinery made contemporary efforts at wireless
transmission seem very pitiful.

In December of 1901, Marconi made history by transmitting the letter "S" across the
Atlantic [67]. The equipment that he used was a crude single circuit transmitter (as
opposed to Tesla's primary-secondary type) contained in a small building and operated
by a heavy wooden lever. Although Marconi's achievement was great, Tesla was far
ahead of him. Some of Tesla's agents were already searching for a suitable area in
Britain for a major receiver and relay station.

In June of 1902, Tesla moved out of his laboratory on Houston Street and into the
Wardenclyffe building [68]. The laboratory section was soon filled with lecture
equipment, coils, X-ray machinery and other devices. In the workshop, glass blowers
were busy making the electron bulbs that Tesla hoped to use in his receivers.

The most striking object at this site was the strange tower that was being constructed
there (above). This was to be the actual Tesla Coil or Magnifying Transmitter. The



tower was made out of large wooden beams joined together with copper gussets and
bronze bolts. No ferrous metals were used anywhere in the structure because of
magnetic hysteresis which would cause heating and power loss. The sections were
constructed on the ground and later hoisted into place with cranes. When completed, it
was a pyramid shaped tower having eight sides. The smallest dimension across he base
was 95 feet, and it stood 154 feet high [69].
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By the early part of 1903, a 55 ton copper mesh dome was placed on the top of the
tower. This dome was 66 feet in diameter and was to have been covered with copper
sheeting to form a giant copper electrode elevated above the ground by the insulating
wooden tower. With dome, the tower stood 187 feet tall (above).

Beneath the tower a copper pipe was driven 150 feet into the ground to make a good
earth connection. Local rumors told that pits and underground tunnels were being
constructed, but these do not appear to be true. Years later, there was reported to be well
12 feet wide and 100 feet deep at the site of the tower.
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The exact plan of the Magnifying Transmitter is not known because it was never
finished. However, from what is contained in interviews with Tesla for newspapers, it is
known that it would have resembled diagrams in one of Tesla's patents (No. 1,119,732).
This patent (above) deals mainly with methods of handling very high voltage. In the
diagram, "C" is the primary coil of a Magnifying Transmitter. "G" is the oscillator, "A"
and "B" are two sections of the secondary coil, and "D" is the elevated terminal, a torus
shaped electrode, in this case. The bumps on the terminal ("P") are to prevent the freely



resonating circuit from getting out of hand. If the voltage gets too high, it would arc
from one of these bumps instead of some part of the circuit nearer the ground. With
energy that would have dwarfed the Colorado transmitter, this station could destroy
itself by such an accident.

The reasons for not completing the Wardenclyffe station were numerous. In the fall of
1903, J.P. Morgan withdrew his support of the project and a number of other financiers
quickly followed him [71]. Tesla was sued several times from Colorado Springs for
unpaid bills and even had to appear in court out there on September 6 of 1905 [72]. To
get money, Tesla ordered the Colorado Springs lab sold, and in 1906 some of his
equipment was put up for auction there. To top all this off, Tesla's AC motor patents in
Europe expired and left him without any income from royalties.

In 1905, Tesla had set up a temporary factory in the Wardenclyffe building and began to
manufacture Tesla Coils for medical and industrial use [73]. He also invented a new
type of turbine that operated without blades [74]. This machine worked very well, but
no one seemed interested in it.

In spire of all the financial troubles Tesla had, it may have been his health that forced
him to abandon the Wardenclyffe building in 1906. He had suffered from several
serious nervous breakdowns brought about from over work (Tesla slept about five hours
a night and the rest of the day was filled with work) during the past two decades before
then. Local people reported seeing Tesla collapse from exhaustion while taking a walk
by the sea.

In 1912, Westinghouse removed their equipment, which had not been paid for, and in
1915 Tesla was forced to turn over the mortgages to the property to Waldorf Astoria
[75]. In July of 1917, they had the tower torn down and sold for scrap. The building was
sold in 1938 to Peerless Photos Products Inc. who transformed it into a factory for
making light sensitive paper [76].

After leaving Wardenclyffe, Tesla opened up an office at 165 Broadway in New York
[77]. By this time, Tesla did not have enough money to carry on much research, and he
became more and more of a recluse. In 1915, he became involved in a law suite with
Marconi [78]. Tesla claimed that Marconi's patents were in violation of his own patents
No. 645,576 and 649,621. Tesla lost this sit, but in 1943, Marconi's key patents were
invalidated by the Supreme Court [79].



In the years after Wardenclyffe, Tesla wrote a number of articles in which some of the
details of his earlier experiments were revealed. Many facts about Tesla's work may
never be known, however. His laboratory in Colorado Springs was destroyed so
completely that today no one seems to know the exact place where it was located (the
city of Colorado Springs expanded out over the area). On May 23, 1966, an historical
marker was placed near the site [80]. The detailed plans for Tesla's fabulous
Wardenclyffe broadcasting plant appear to be lost (Peerless Photos has made an
extensive search for the plans, but the building firms, libraries and historical societies in
that area have no idea what became of them).

Tesla's greatest misfortune seems to be that he was twenty years ahead of his time. Few
people understood Tesla's ideas, and Tesla did not go to great lengths to make them
clear. It is indeed ironic that only two miles from Tesla's lost Wardenclyffe plant, the
Radio Corporation of America years later established at Rocky Point, one of the most
powerful broadcasting stations in the world [81].
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The Wardenclyffe laboratory & the
World Wireless System

Intro

Wikipedia: Wardenclyffe Tower (1901-1917) also known as the Tesla Tower, was an
early wireless transmission tower designed by Nikola Tesla and intended for
commercial trans-Atlantic wireless telephony, broadcasting, and proof-of-concept
demonstrations of wireless power transmission. It was never fully operational, and the
tower was demolished in 1917.

http://www.teslasociety.com/teslatower.htm

J.P. Morgan, the richest and most powerful man of that time, was a financier of the
Tesla Broadcasting system. The Tower was designed as a world communications center
and Nikola Tesla added to the project in that the tower would also be used for
transmitting electrical energy without wires to the entire globe. Tesla wanted to saturate



the globe with electricity as a dynamo so that everyone on the surface of the globe could
obtain electrical light just by sticking wires into the soil and a electrical bulb would
light. When J.P. Morgan heard about the Tesla project, he was asked: "How can we get
money from the electricity which Tesla is supplying to every part of the world?" After
that Morgan cut the funds and the Tower was never finished.

Nikola Tesla, 1919:

“The tower was destroyed two years ago but my projects are being developed and
another one, improved in some features, will be constructed. My project was retarded by
laws of nature. The world was not prepared for it. It was too far ahead of time, but the

same laws will prevail in the end and make it a triumphal success.”

"The World-System makes possible the instantaneous and precise wireless transmission
of any kind of signals, messages or characters, to all parts of the world. By its means a
telephone subscriber here may call up and talk to any other subscriber on the Globe. An
inexpensive receiver, not bigger than a watch, will enable him to listen anywhere, on
land or sea, to a speech delivered or music played in some other place, however distant.

"l also proposed to make demonstrations in the wireless transmission of power. A plant
was built on Long Island with a tower 187 feet high, having a spherical terminal about
68 feet in diameter. These dimensions were adequate for the transmission of virtually
any amount of energy. The transmitter was to emit a wave complex of special
characteristics and | had devised a unique method of telephonic control of any amount

of energy."

My Inventions, Nikola Tesla, p. 87-90



Fig. 2 (Click on to enlarge)
http://blog.world-mysteries.com/science/incredible-inventions-of-nikola-tesla/

In December of 1901, Marconi made history by transmitting the letter “S” across the
Atlantic [67]. The equipment that he used was a crude single circuit transmitter (as
opposed to Tesla’s primary-secondary type) contained in a small building and operated
by a heavy wooden lever. Although Marconi’s achievement was great, Tesla was far
ahead of him. Some of Tesla’s agents were already searching for a suitable area in
Britain for a major receiver and relay station.

In June of 1902, Tesla moved out of his laboratory on Houston Street and into the
Wardenclyffe building [68]. The laboratory section was soon filled with lecture
equipment, coils, X-ray machinery and other devices. In the workshop, glass blowers
were busy making the electron bulbs that Tesla hoped to use in his receivers.

http://www.teslaradio.com/pages/wardenclyffe.htm

Near the North Shore Long Island community of Shoreham, New York there exists a
sturdy 94 by 94 foot red brick structure that is another, no less significant reminder of
this great man's work. Its importance lays not so much in the technology that it
represents or in the engineering clues that remain buried there. It is in the fact that the
Wardenclyffe Power Plant / Office Building, designed by the well renowned architect
Stanford White, is the last of Dr. Tesla's own work places to remain standing anywhere
in the world. The saga of the building's history, from its construction in 1902 alongside
a 187-foot companion tower to house the various components of a prototype world
broadcasting and telecommunications facility to later less glamorous uses, is a story yet
to be fully told. And, there is history in the making as well. For a movement is
underway which, if successful, will result in the establishment of the Tesla Science



Center at Wardenclyffe—a permanent monument to this great creative genius and his
work.

http://www.teslaradio.com/pages/wardenclyffe.htm

The Wardenclyffe World Wireless facility as envisioned by Tesla was to have been
quite different from radio broadcasting stations, as they presently exist. While there was
to be a great similarity in the apparatus employed, the method in which it was to be
utilized would have been radically different. Conventional transmitters are designed so
as to maximize the amount of electromagnetic radiation emitted by the antenna
structure.

For long-range communications such equipment must process tremendous amounts of
power in order to counteract the loss in field strength (P = 1/R2) encountered as the
signal radiates outward from its point of origin.

The transmitter at Wardenclyffe was configured so as to minimize the radiated power.
The energy of Tesla's steam driven Westinghouse 200 kW alternator was to be
channeled instead into an underground structure consisting of iron pipes drivenm from a
point 120 feet beneath the tower's base. This was to be accomplished by combining an
extremely low frequency signal (ELF) along with the higher frequency current coursing
between the earth and the transmitter's elevated terminal [through the master oscillator
and helical resonator]. The low frequency current in the presence of an enveloping
corona-induced plasma of free charge carriers would have "pumped" the earth's charge.
It is believed the resulting ground current and its associated wave complex would have



allowed the propagation of wireless transmissions to any distance on the earth's surface
with as little as 5% loss due to electromagnetic radiation.

The terrestrial transmission line modes so excited would have supported a system with
the following technical capabilities:

1. Establishment of a multi-channel global broadcasting system with programming
including news, music, et cetera;

2. Interconnection of the world's telephone and telegraph exchanges, and stock tickers;
3. Transmission of written and printed matter, and data;
4. World wide reproduction of photographic images;

5. Establishment of a universal marine navigation and location system, including a
means for the synchronization of precision timepieces;

6. Establishment of secure wireless communications services (non-interferable
government telegraph service). Additional World System capabilities and related
technologies include,..

7. Remote control and propulsion of UAV "atmospheric satellites” in long duration
flight (World System of intelligence transmission for exclusive private use).

8. Wireless transmission of electrical energy for propulsion of aerial and other vehicles,
and industrial purposes.

9. Geophysical exploration [Waite]

10. Weather control, artificial rain; climate control

11. Macroscopic charged particle beam projection

12. Electrical projection of explosive energy

13. Electrotherapeutics

14. Electronic logic gate and digital computing allow,

a) Software defined radio

b) Digital world-system broadcasting and terrestrial network backbone

b) Artificial intelligence

15. Interplanetary Communications providing a stable, high-capacity interplanetary

network backbone supporting high-speed Internet protocols.



Fig. 1 (Click on to enlarge)

http://blog.world-mysteries.com/science/incredible-inventions-of-nikola-tesla/



When Tesla’s work in Colorado was completed, he returned to New York in mid
January of 1900 [58]. He immediately applied for a patent on the wireless telegraphy
system that he had been perfecting in Colorado; however, the patent was not granted
until 1905 [59]. This patent described the stationary wave theory and stated that three
conditions had to be met before the system would work. First, the frequency had to be
such that the diameter of the earth would be an odd multiple of the quarter wavelength
of that frequency. Tesla believed that the current for the transmitter traveled directly
through the center of the earth, but more likely, it travels around the circumference. If
this were so, then the distance from pole to pole along the surface of the earth would
have to be used instead of the diameter, for calculating the frequency. The second
condition was that the frequency should, for ideal results, not exceed 20 KHz, or
radiation loss would impair the action of the transmitter. The third condition was that
the wave train of the oscillator must last at least 1/12 of a second. That is the time that it
took for the signal to go to the other side of the earth and return.

Along with this, the patent also contains a receiving circuit that uses a synchronous
rotary rectifier to detect signals. This circuit bears close resemblance to the “tickers” or
tone wheels used a few years later with the Poulson Arc transmitters. In the tone wheel,
a rapidly spinning wheel interrupts the radio signal from the antenna and heterodynes
with it to produce a shrill whistle that could be heard easily with headphones. Tesla’s
device would be for lower frequencies so he planned to have it more carefully
synchronized to produce almost pure direct current. For the detection of signals that
were too faint for headphones, Tesla proposed using a device he had invented in 1891 to
respond to the direct current from the rectifier. This device consisted of an evacuated
glass bulb with an electrode in the center. When this was connected to a high voltage
transformer powered by an alternator (of high frequency), an electron “brush” was
formed. This brush was so sensitive to electric and magnetic fields that a one-inch
horseshoe magnet at six feet would cause it to be deflected.

After succeeding in sending signals 600 miles in Colorado, Tesla felt that his long wave
system was ready for full scale use. He set out immediately to design and build a giant
Magnifying Transmitter on Long Island that would be able to send signals across the
Atlantic to England. Beyond just replacing the underwater telegraph cables, Tesla
conceived of a much more ambitious plan. Up to that time, most scientists were only
interested in using radio for point-to-point transmission. Tesla, however, saw that wide
range broadcasting was possible.

Tesla was not sure if a single transmitter could be picked up all over the world (he had
not tested his vacuum bulbs yet), so he suggested that a global network of relay stations
might be required. He called this idea the “World System” and in 1902, he published an
article explaining some of the points of the plan.

Tesla was involved in the development of a number of new inventions. He was doing
experiments with Selenium to see if pictures could be transmitted [61]. This was the
same approach that John Logie Baird used twenty years later when he invented
television.



Another invention was a technique to allow more careful individualization of signals.
Tesla could already tune his transmitters, but with very sensitive receivers at great
distances, he had difficulty with static. In this new system, two transmitters of different
frequencies were used. They were arranged to emit their impulses simultaneously and
would both send the same telegraph message. The receiver was also made up of two
circuits, each tuned to one of the broadcast frequencies. The signal coming into each of
the circuits would operate a relay, and the two relays would be connected in a logic
“and” circuit, which would reject any impulse that did not come from both receivers at
the same time. This ingenious system would have solved the difficulty of signal
interference that was a problem to all experimenters of that time. Although Tesla could
tune his equipment with much greater success than other more primitive systems, he
was looking to the time when many stations would be operating within close limits of
each other.

Tesla did not want to build a separate Magnifying Transmitter for each frequency (at
least not for telegraphy transmission), so he developed a way for one transmitter to send
signals on many frequencies at the same time, thus creating a wave complex. Naturally
it is not easy to make a circuit oscillate at different frequencies, but Tesla invented a
means of allowing the transmitter to send impulses in a rapid succession of changing
frequencies. This would have been done with a complex system of rotary breaks and
tuning coils. This could still be used in the double circuit system just described because
the impulses would be separated by an insignificant amount of time (thousand of pulses
per second would probably have been used). It would be logical to assume that at least
three or four frequencies could be sent in this manner by one station, and as many as ten
might have been possible.

As far as the secret transmissions that Tesla spoke of, we can only speculate. It would
not have been difficult to send two meaningless sounding signals in which those
impulses common to both signals contain the message. It is indeed unfortunate that
more is not known about Tesla’s plans. He was a very great thinker, and he was hard at
work to develop wireless to its highest potential.
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Fig. 3 (Click on to

Tesla Tower in Long Island, New York, transmitting electrical power to aircraft in
flight. Tesla's inventions in electrical generation and power transmission resulted in the
development of alternating current, the form of electricity used today to provide power
to homes and businesses. In honor of the Croatian-born inventor, this issue of The
Trumpeter is dedicated in honor of the genius who ushered in the power age.

http://www.teslaradio.com/pages/wardenclyffe.htm
Nikola Tesla:

"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, | believe, in its principle of operation, means employed and
capacities of application, a radical and fruitful departure from what has been done
heretofore. | have no doubt that it will prove very 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 in every one of its parts. Since a single plant of but one hundred
horsepower 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 | know has been adopted, and the transmitter will
emit a wave complex of a total maximum activity of 10,000,000 horsepower, one
percent 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 | 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. | 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, | propose to

distribute 10,000 horsepower under a tension of 10,000,000 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 horsepower. One of the chief uses will be the
illumination of isolated homes. It 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 | may be able to offer a great
convenience to the whole world with a plant of no more than 10,000 horsepower. 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, | 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 |
am hopeful that these great realizations are not far off and | 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 virtue of 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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I wigh to anmounce that in conmection with the commersial introduction of my inventions | <hall
render professional services in the eneral capacity of cunsulting electrician and enygineer.

The near fulure, | expect with contidence, will be 2 witness of revelutionary departures in the
production, transformation amd ransmission of energy, IrANsROTTGON. lighting, manuiscture of
chemical compounds, telegraphy, telephony and other arts and imlusiries

In my opinion, these advances are certain to tollow from the universsl adoption of high-poten.
tial and high-frequency currents and novel regenerative pricesses of refrigeration to very low
temperatures.

Much of the old apparatus will have to be improved. and much o the new developed. and |
belicve that while furthering my own inventions, | shall b mwae helpral in this cvndutivn by placing
at the dispesal of wthers the knewledue ad experience e guned

Special attention will be given by me 1o the splution. of probiems reguiring both expert infor.
mation and inventive resource--work coming within the sphere of my constant training and
predilection. :

1 shall undertake the experimental investigation amd perfection ot ideas, methods and appli-
ances, the devising of useful expedients and. in particular, the Jesign and construction of machinery
tor the attainment of desired results.

Any task submitted to and accepted by me, will he carried out thoroughly and conscientiously.

Laboeatory, Long Band, N. Y. JE :v: ;‘M
Residemer. Wakdorl, New York City. )
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Fig. 4 Tesla's 1904 resume advertising his services and those of the Wardenclyffe
facility (Click on to enlarge)



TESLA READY FOR BUSINESS.

HE HAS BOUGHT THE LAXND FOR RIS
WIRELESS TELEGRAPHY STATION
AXND LET THE CONTRACTS FOR
THE BUILDINGS.

Nikola Tesla's plans for a transatlantic wireless
telegraphle system are now so well In hand that
he has hought a site for the statlon on the Long
Island shore, and has agents looking for a sultable
place for a station a the British coast. The sta-
tisn In this country will be at Wardenelyffe, on the
Sound, nine miles easy of Port Jefferson. Mr. Tesla
has purchased two hundred scres of land in that
vielnity, and closed contracts vesterday faor the
necessary buildings,

Five or six bulldings will be erected on different
parts of the tract, the larzest of which Is to be
one hundred feet square and several stories high.
It wiill contain, Mr. Tesla says, one of the most
complete electrical plants that ean be purchased.
Three hundred and fifty horsepower will be de-
veloped, and the total cost will he nearly $150.000,
The other bulldings will be used for the electrical
experiments with which Mr. Tesla is now engaged,
Including a system of Hghting by diffused lght.
He wlil probably give up his present labhoratory, at
No, 4 East Houston-st., and make his headrjuar-
ters at Wardenclyfre,

Mr. Tesla has heen working for several vears
with his system of wireless telegraphy, and helleves
that he has advanced far enough to warrant a
change from the experimental to the commerecia]
etage. He =ays it will not be long before Le will

be transmlitting commercial messages hetween
Wardenclyffe and Europe without the use of wires
or cables,

When seen at the Waldorf-Astoria Hotel last
night Mr. Tesla sald:

“*I would have been sending messages across the
ocean without the use of wires hy this time if the
public were not g0 hard to convince that it eonld
ba done. It takes time to assure people of the

: truth of new dlscoverles. It was slx or eight yvears

before people believed In my system of transmit-
ting electric power. Now It Is used everywhere, [
cannot tell you just how far I have advanced in the
perfectlon of my system of :alrgrnfh;;. but T hope
soon to be able to show mest cony neing results.™




Figure 35 New-York tribune August 07, 1901, Page 4.(Click on to enlarge)
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Source:
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Tesla's Magnifying Transmitter.pdf



Tesla made the following statement regarding his theory and technique of energy
transmission.

"The earth is 4,000 miles radius. Around this conducting earth is an atmosphere. The
earth is a conductor; the atmosphere above is a conductor, only there is a little stratum
between the conducting atmosphere and the conducting earth which is insulating. . . .
Now, you realize right away that if you set up differences of potential at one point, say,
you will create in the media corresponding fluctuations of potential. But, since the
distance from the earth's surface to the conducting atmosphere is minute, as compared
with the distance of the receiver at 4,000 miles, say, you can readily see that the energy
cannot travel along this curve and get there, but will be immediately transformed into
conduction currents, and these currents will travel like currents over a wire with a
return. The energy will be recovered in the circuit, not by a beam that passes along this
curve and is reflected and absorbed, . . . but it will travel by conduction and will be
recovered in this way."

Sections of the Earth and ils Atmosphere
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Figure 32

Tesla’s diagram explanatory of the transmission of electrical energy by the ground air
method. This was first put before Lord Kelvin in the Houston Street laboratory in
September 1897.

It should be noted that in describing the “atmosphere above” as being conducting he
roughly predicted the existence of the ionosphere and the earth-ionosphere cavity.



Figure 33



""Application of Ether Longitudinal Waves
for Telecommunication Systems""
by Alexander V. Frolov

Scientific Expert of the Russian Physical Society
P.0.Box 37, 193024, St.-Petersburg, Russia
Tel: 7-812-2747877
Email: frolov@mail.dux.ru
By the ether concept, space is a physical substance that has a known (electric constant e
and magnet constant m) and unknow, as of yet, properties. In any substance can be
created so called longitudinal waves. In a general case, these are oscillations of the
energy density in the direction of the wave spreading.
In Alexander Chernetsky's paper "On the Physical Nature of Bioenergy Phenomenons
and on their modeling"”, published in 1989, is described the properties of longitudinal
waves which are created in so called "working bodies™ (superconducting metal, plasma
(electric discharge) and biological plasma). The theory of 1960, named as the "charge
equivalent theory" was proposed by V.l1.Dokutchaev, Russia (1932 - 1990). Relative
motion of charges, according to Lorentz scale transformations, make the change of
distance between charges of a moving frame of reference equivalent to an increase in
charge density of the current. In a moving system there is created an additional
equivalent charge:
q=(q0/ 2) (u*/ C) by Dokutchaev
where ( is the charge in a motionless system, u is the velocity of the system and c is the
velocity of light.
Dokutchaev's dissertation of 1970 described some experiments: superconductors were
placed in an electromagnetically screened box (Faraday cage) but some signal was
detected outside of the box when current was created in superconductor. The main
conclusion is: longitudinal waves can be created in space (in vacuum) by means of
electric energy and such sort waves is not screened by metal screens.
Alexander Chernetsky also described some experiments in which longitudinal waves
were created. In his version "the working body" is an electric discharge. There is a
known pinch - effect (interaction between the electric current and magnetic field of this
current) that leads to high frequency oscillations of the plasma. Radial components of
the density current oscillations is responsible for longitudinal waves which are
spreading in radial direction also [ 1 ].
More than 60 years ago Nikola Tesla wrote: ** | showed that the universal medium is
a gaseous body in which only longitudinal pulses can be propagated, involving
alternating compressions and expansions similar to those produced by sound waves in
the air. Thus, a wireless transmitter does not produce Hertz waves, which are a myth,
but sound waves in the ether, behaving in every respect like those in the air, except
that, owing to the great elastic force and extremely small density of the medium, their
speed is that of light.”" It is part of N.Tesla's article "Pioneer Radio Engineer Gives
Views on Power", published in New York Herald Tribune, Sept. 11, 1932, [ 2, p.94].
American scientist Thomas E. Bearden explained this statement of Tesla in this way:
An ordinary receiver uses so called "precessia of electrons" a phenomenon that is result
of interaction between the electron gas of antenna metal wires and longitudinal waves [
2 ]. Tesla wrote about a great mistake of modern science: "The Hertz wave theory of
wireless transmission may be kept up for a while, but I do not hestitate to say that in a
short time it will recognized as one of most remarkable and inexplicable aberrations of



the scientific mind which has ever been recorded in history”, article "The True
Wireless" [ 2, p.95].

The technology of Tesla requires high potential sources (up to millions of Volts)
that produce high frequency oscillations. The terminals that creates the longitudinal
waves are spherical metal surfaces (sphere capacitor). The synthesis of Tesla's scheme
and Dokutchaev's concept allows us to make the conclusion: longitudinal waves are
generated by means of a changing energy density (electric charge density). Let's call it
the function r(t). In a Hertz transmitter there is a changing energy density also, but it is
linear density ri(t): the density of electric current in the wire of the antenna. It is a one-
dimensional density of energy. In Tesla's sphere capacitor there is a change of charge
value that is placed on the surface of the capacitor. So, it is a two-dimensional density
of energy ry(t).

N.Kozyrev [ 3] created so called "waves of density of time" by means of non-
electrical methods: rotation plus axial vibrations of a gyroscope, deformation of a
material body, diffusion and dissolving or crystallization of the matter, fading of plants
and so on. Different detectors for such sort waves were used: the electrical component
of the was were detected by means of a galvanometer, the gravitational component of
the wave was detected by means of the weighing-machine, the chronal component of
the wave was detected by means of an electronic scheme that used so called "Winston
bridge" since electrical properties of the electronics components are changing in the
wave area. These three methods showed the next: any type of change of matter structure
that can be presented as r(t) (i.e. a change of density of energy) is the method for
generation of the longitudinal wave. For example, if it is a change of volume density of
matter, we can write the three-dimensional density function rs(t). It is connected with
the well-known Poisson equation for gravitation.

There are more complex methods for longitudinal wave creation. R. Ziolkovsky,
Physical Review A, vol.39, p.2005, wrote in the paper "Localized Transmission of
Electromagnetic Energy™ about his experiments. Before the electromagnetic version, R.
Ziolkovsky created an analogy in liquid to study the properties of wave and to create an
optimum antenna system.

What method of the energy density modulation is the best for telecommunication
systems? Some experiments prove the possibility that living biosystem create
longitudinal waves [ 1, p. 50 ]. By this analogy there is the possibility for creation of a
technical system.
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1. Alexander Chernetsky, "On The Physical Nature of Bioenergy Phenomenons and on
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121873, Chula Vista, CA 91912, USA.
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Leland Anderson

Rare notes from Tesla on Wardenclyffe

LELAND ANDERSON HAS KINDLY PROVIDED COPIES OF RARE DOCUMENTS FROM THE TESLA MUSEUM IN BELGRADE.
THE PAPERS REPRODUCED IN THIS REPORT SUPPLY INFORMATION ABOUT THE WARDENCLYFFE TOWER, AND SHOW
THAT THE DESIGN PROCESS WASN'T AS AUTOMATIC AS LEGEND LEADS US TO BELIEVE.

Tesla’s tower at Wardenclytte is perhaps as enigmatic as
the prodigal genius was himself. (Figs. 1-3 show in part a
conceptual evolution of the tower.) While Tesla aficiona-
dos have scraped the archives and haggled with politicos I
to obtain even the minutest revelations on how this
device might have actually been capable of transmitting
energy worldwide, nobody seems to know how this was
to be effected. In what follows, the contents of some
practically-uncirculated papers, that Leland Anderson
managed to obtain, are reproduced in full.

The first note, written on Waldorf-Astoria letterhead,
discloses Tesla’s reasoning behind some of the dimen-
sional specifications required in an early design for the
tower which he claimed would be capable of transmit-
ting electricity worldwide by means of earth resonance.
The letters reprinted here were all written in 1901.
Actual construction of the tower did not start until

New York May 29, 1901
from old note

In annexed sketch [See Fig. 4.] a terminal Cin form of a roof is
supported on conducting supports L L. Terminal C is adjustable

and in contact with structure of roof, or terminal C. A resonat-
ing system C£SE discharges with C and produces oscillations in
system CLLEE.This arrangement obviates necessity to

support roof or terminal C on insulated supports.

Now In a sketch or scheme the difficulty will be probably
to get the oscillations of the free system CL L EE, slow enough
to be very effective in transmission through earth as in my
system. The length of conductors in the free system should be
A/4, and the length of the discharging current should be 3/4 A
or n/4 A eventually, # being uneven number.

Suppose, to get an idea, we take C = 10,000cm. This is

realizable. Then we have

December 12, 1901. p¥,; I 10,000
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RARE NOTES FROM TESLA ON WARDENCLYFFE

The person who proofread the decipherer’s notes LETTERS

found fault with Tesla’s analysis, stating that in order to  The next three letters illustrate, to a small degree, the
limit the induction to 225,000 cm, the tower would need breadth of the concerns Tesla had while overseeing the
to be nearly three times taller than Tesla anticipated, or  building of his tower. The first two are written to the

1,404 feet high. architect, Stanford White; the third is to the company
As it was, the Wardenclyffe Tower project was very that was to furnish the building’s boilers.
large, and involved numerous construction crews. The pr— g ——l
following note was sent to Margaret Cheney, while she New York, Aug. 28th, 1901
was writing Tesla’s biography. 46 & 48 East Houston Str. |
Wardenclyffe Project Mr. Stanford White
Reference has been made by O'Neill and contemporary 160 Fifth Ave.
newspaper accounts of the large crew that Tesla had | New York City |
working for him at Wardenclyffe. Instead of just referring to
the “large crew” as such, it might be a good idea to sprinkle My Dear Stanford:

| in a few names of Tesla's direct assistants. They were: | | have seen the American Bridge people today to ascertain
i Willie Eppersteiner | whether they will be able to construct the cupola of my
| Hartmann building without much delay. As this item will consume the
Johnnison longest time, 1t I1s necessary to take all the preliminary steps so
_indeke that the work may begin just as soon as you have passed upon
| Meyer | the plans. | believe that the American Bridge Company is the
| | Alfred Peters best concern to deal with in this matter, but | beg you not to
| | Seibel pay any attention to my suggestion, if you think otherwise.
Mr. Uhlman (815 N. |2th St., St. Joseph, MO) The Bethlehem Steel Company will furnish me the sheets,
Wagner (Tesla’s glass blower) but | cannot give the order until we have agreed upon all details.
— | |

| With kind regards,
Yours very sincerely,
‘ N. Tesla

Fig.2
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RARE NOTES FROM TESLA ON WARDENCLYFFE

New York, Aug. 30th, 1901
| 46 & 48 East Houston Str.

Mr. Stanford White
| 60 Fifth Ave.
New York City

| My Dear Stanford:
Many thanks for your suggestions. | am writing to Mr. Powell
today. Perhaps he will be able to clear the land altogether.

| want you to understand that | went to the American

Bridge Company simply because of my anxiety to have the

| work pushed through as fast as practicable. | am only too glad
to follow your advice and beg you to consider yourself

absolutely free in your choice and arrangements regarding
this work.

| Yours very sincerely,
N. Tesla

New York, Sep. 12th, 1901
| 46 & 48 East Houston Str.

Babcock & Wilcox Co.
85 Liberty Street
New York City

Gentlemen:
Under enclosure | forward sketch showing your two boilers
as they will be placed in my building and their position
relative to and exact distance from the chimney. The scale is
72 Inch to a foot.

You will greatly oblige me by furnishing the drawings of the
flues leading to the chimney and the position of the breech, as
the builder cannot proceed without this information.

Yours very truly,

Encl.

Anyone familiar with the Wardenclyffe Tower
knows it to have been a colossal structure. Yet, few

realize that it was supposed to have been even larger.

Although the exact figures are not revealed, Tesla
must have drastically underestimated the cost of
building his structure as is evidenced by the follow-
ing response to White.
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RARE NOTES FROM TESLA ON WARDENCLYFFE

New York, Sep. 13th, 1901
46 & 48 East Houston Street

Mr. Stanford White
| 60 Fifth Ave.
New York City

My Dear Stanford:
| have not been half as dumbfounded by the news of the
shooting of the President as | have by the estimates submitted
to you, which, together with your kind letter of yesterday, |
received last night. |

One thing is certain: We cannot build that tower as
outlined.

| cannot tell you how sorry | am, for my calculations
show, that with such a structure | could reach across the
Pacific. Since last night, | have thought carefully over the
| matter and have come to the conclusion that the best plan
will be to fall back on an older design which | have made,

involving the use of two and possibly three towers, but

much smaller. We would keep the design of the tower the
same and would only reduce the dimensions. It will probably
be best to adopt a design with two towers and a low
central part for the machinery. | shall make some calcula-
tions today and will see how far | can reduce the height
without impairing materially the efficiency of the apparatus,
and will communicate with you as soon as practicable.
Thanking you heartily for your friendly interest and efforts

on my behalf, | remain,

Yours very sincerely,
N. Tesla

8 Electric Spacecraft

Issue 26 Apr/May/Jun 1997

In less than a week after receiving news of the
exorbitant construction bids, Tesla had a new design,
but he could only provide a rough estimate of what
its capacitance would be. (Figs. 5-8 show somewhat
the conceptual evolution of the electrical apparatus

which was to build a capacitance sufficiently large to

power the globe via earth resonance.)
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RARE NOTES FROM TESLA ON WARDENCLYFFE

Sept. 18, 1901
Following results may be confidently expected with smaller

tower 200 feet and terminal roof of cheap construction as last
designed. The roof will comprise a single platform with
spherical bodies of large curvature on rim.

The construction of latter will be given in detail. The
platform 20 meters diameter, |5 round surfaces on top and 15
on the bottom as shown in sketch below.

It 1s difficult to estimate in advance the capacity of the
structure with precision, but an approximate idea may be
obtained. The spherical bodies will be each of a capacity of
200 cm. This would give 30 x 200 = 6000 cm without taking
| elevation into consideration. But owing to proximity

capacity will be much smaller. Estimates place the minimum
| value at or less than 1000 cm (elevation not considered).
This means, say, that of each spherical body only 1/6 of
surface is fully active.

Now, surface of one spherical body will be & x 4002,
Calling o density, we would have on 1/6 of surface
7 x 400%0 .
————— Coul. of electricity.
6x 3xI10
We can safely make o = 10 minimum. This would give on the
whole structure

7 X 400% x 10 x 30
6x3x10

= roughly at least 8/10°* Coulombs. Now, if we put capacity as
1000 cm we would have

8 1000
-——3-=-—”-V
10 910
and
- 9x8xI0"

vV = 7,200,000 volts.

10°
This estimate is surely small and we may take safely 10,000,000
volts for 1000 cm capacity.
Considering simply earth as ball and leaving out short
waves, we have since ¢cP = Cp;, V= P = |0’ volts; ¢ = 1000 cm.

| C = capacity of earth = 636 X 9 x |03

1000

636 x9x10°
9% 10"

X P = T
9 %10

X p.

p = simply 16 volts. This means variation of 2p = 32 volts all

over globe.
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DECIPHERER’S NOTES
Again, the decipherer’s proofreader took issue. Using
636 x 10° cm as the value for earth’s capacitance, he
arrived at the conclusion that p should equal 11 and
not 16 volts.

By October, Tesla was quite pleased with his projec-
tions for the new tower’s output. The decipherer’s
proofreader had no objections, either.

Oct. 15, 1901

Consideration relative to rate of energy delivery at any point
of globe with Long Island apparatus.

Assume that a grounded secondary is employed excited by a
primary through which condenser discharges and let both the
circuits be in perfect tune so that the secondary system vibrates
the same rate whether the primary be closed or open. The

form of wave is then as illustrated in diagram. [See Fig. 9.] At a

primary begins to excite, at b somewhere in the middle of wave
train primary is opened and at ¢ vibrations in secondary cease.
In this form of electrical movement the current and emf are in
phase, hence the power is always given by the product of these
quantrties during each half wave, but it must be remembered
that the energy Is passing from static to kinetic form and

consequently the actual power is only that supplied by primary.
The secondary circuit increases the amplitude only. But in many

cases what is desired is simply a maximum rate. So for instance
in telegraphy when a device like a minute spark gap is employed
In connection with a tuned circurt. Let us then see what can be
expected as reasonable during one swing.

Leicester, North Carolina 28748 USA




RARE NOTES FROM TESLA ON WARDENCLYFFE

In previous examples, E___ = 9/8 x 10° volt.

Current = average -
2000 amp
w=4nxx 10° M = 2 x 10°. Hence for largest swing rate of

power willbe E__ xJ = 9/8 x 10¢ x m/2 x 2000 = 35 x 108
WG. Now on equatorial belt we shall have:

Circumference of belt about 4 x 10° cm. Suppose a strip of

ground 1000cm wide A/2 = 93/200 miles is utilized. The current
through the strip will be

1000 T . T
X — X 2000 =1 =
4 %107 X 4 %103

Energy in strip considering superficial propagation will be
similarly

1000 8
Wiar = 4-x|0-§->< 35x10% = 875 watts.

e, = 875x4x 10%x=11x 10° volt. Assuming magnifying
factor in receiving circuit = 100 we may get with a tuned circuit
e, = 11 x 107 volt, £, = n/40 amp and W_ = |l#x x 10740 =
86 x 10° watts. Perfectly wonderful!

10 Electric Spacecraft Issue 26 Apr/May/Jun 1997




Chapter 1—Introduction 1-1

SOLID STATE TESLA COIL
by

Dr. Gary L. Johnson
Manhattan, Kansas

Some years ago I developed an interest in Tesla coils. I was teaching a senior elective
course at Kansas State University where we talked about power MOSFET'Ss and topics related
to high voltages and currents. I decided to use a Tesla coil as a class project. We would talk
about design aspects, then design, build, and test a coil. The best description of the results of
that plan was fiasco, or maybe disaster. We had some sparks, but none where they belonged.
That was one of the most humiliating experiences of my career.

I learned several things from that experience. One is that the Tesla coil is more complex
than I had thought. Another was that there seemed to be a mismatch between theory and ex-
periment. At that time, at least, people would go through pages of high powered mathematics
and quit without giving an example of how to use all the formulas. Experimentalists would
sometimes make fun of the theorists, and give rules-of-thumb on how to make long sparks.
It was like I was hearing a debate on whether the best cooks use recipes or not. My mother
never used a recipe and I always enjoyed her cooking. However, my own talents are such that
if I am to cook anything fit to eat, I need a recipe.

This book is written for people like me, challenged when faced with doing something
without a recipe or complete set of instructions. I will throw in things learned from other
Tesla coil builders, but will quickly admit that when it comes to making long sparks, there
are many who are far better than I.

I started asking questions about Tesla coils that any electrical engineer would ask. These
include:
1. What is the input impedance?

2. What are the fractions of input power that are dissipated in the spark itself, in elec-
tromagnetic radiation, the coil wire, the coil form, the toroid, the spark gap, and other
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circuit components?

3. Are there circuit models that allow these questions to be answered on the computer
before building and testing devices in open air?

4. What are the differences between Tesla coils driven by or through spark gaps, vacuum
tubes, or solid state devices?

5. What are the important factors in producing long sparks (energy per bang, power input
at spark inception, rate of change of power, the coil, the toroid, etc.)?

One would expect the answers to these questions to come from a mix of theory and
experiment. One would develop a theory or model and then go to the laboratory to measure
parameters and check performance. The theory would then be adjusted to reflect experimental
observations.

We now review a little Tesla coil history and look at the ‘simplest’ model, the lumped
circuit element model.

1 History

Nikola Tesla (1856 - 1943) was one of the most important inventors in human history. He
had 112 U.S. patents and a similar number of patents outside the United States, including 30
in Germany, 14 in Australia, 13 in France, and 11 in Italy. He held patents in 23 countries,
including Cuba, India, Japan, Mexico, Rhodesia, and Transvaal. He invented the induction
motor and our present system of three-phase power in 1888 [20]. He invented the Tesla coil,
a resonant air-core transformer, in 1891. Then in 1893, he invented a system of wireless
transmission of intelligence. Although Marconi is commonly credited with the invention of
radio, the U.S. Supreme Court decided in 1943 that the Tesla Oscillator patented in 1900
had priority over Marconi’s patent which had been issued in 1904 [15]. Therefore Tesla
did the fundamental work in both power and communications, the major areas of electrical
engineering. These inventions have truly changed the course of human history.

After Tesla had invented three-phase power systems and wireless radio, he turned his
attention to further development of the Tesla coil. He built a large laboratory in Colorado
Springs in 1899 for this purpose. The Tesla secondary was about 51 feet in diameter. It was
in a wooden building in which no ferrous metals were used in construction [15]. There was
a massive 80-foot wooden tower, topped by a 200-foot mast on which perched a large copper
ball which he used as a transmitting antenna. The coil worked well. There are claims of
bolts of artificial lightning over a hundred feet long, although Richard Hull asserts that from
Tesla’s notes, he never claimed a distance greater than 43 feet. From photographic evidence,
the maximum may have been closer to 22 feet [12].
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Tesla then abandoned the Colorado Springs Laboratory early in 1900, having learned
what he needed from that facility, and also having become somewhat unpopular as a result
of frequently knocking the local sub-station off line.

Since that time, it appears that no one has built a Tesla coil of both the size and perfor-
mance of the Colorado Springs coil. Apparently the only coil of that size was built by Robert
Golka at Wendover Air Force Base in Utah [8] and later moved to a facility near Leadville,
Colorado [9, 19]. The original purpose of this coil was to produce artificial lightning for
testing the effects of lightning striking aircraft in flight. Golka determined that the average
voltage produced in Utah was about 10 MV, with the highest voltage observed being 25 MV.
Operation was spectacular, even if not quite at the level of the Colorado Springs coil.

When Golka’s coil was moved to Leadville, however, it performed very poorly. Golka and
his associates were basically unable to properly tune the coil. There has been considerable
speculation over the reasons for the difference in performance, but one problem seems to
be that we did not have adequate theoretical models for the design and operation of Tesla
coils. What appeared to be minor differences in location and construction caused a major
decrease in performance. The number of variables was simply too large to allow for a purely
experimental optimization of performance before the coil was dismantled and moved early in
1990.

Some work on theoretical models has been performed by high energy physicists [6, 10,
1, 17, 18]. They are interested in high voltage capacitor discharges for research in plasma
physics and in the production of pulsed particle or radiation beams. The most common way
of producing such high voltage discharges is the Marx circuit, in which capacitors are charged
in parallel to a lower voltage and then discharged in series through a number of airgaps. The
Marx circuit requires the capacitor bank to be divided into sub-banks well-insulated from each
other and from ground. A Tesla coil offers an alternative method of charging the high voltage
capacitors. Discharges are reported in the range of 100 kA at 1 MV, with one report of 2.5
MYV [10]. These models are all lumped parameter models.

There are a number of experimenters who build Tesla coils as a hobby. The Tesla Coil
Builders Association has several hundred members and a quarterly newsletter published by
Harry Goldman [7]. Harry has announced plans to stop publishing the newsletter at the end of
2001. The Tesla Coil Builders of Richmond has been a very active local group [11], although
their leader Richard Hull has recently become interested in other activities. A number of
manuals are available on how to build coils [16, 4, 5. The one by Lee [16] is especially
well illustrated with pictures of capacitors and other components that might be needed for a
moderate sized Tesla coil. There is an Internet listserv (www.pupman.com) that has about
700 subscribers, which has been very helpful to me.

The brothers James and Kenneth Corum have done considerable work on distributed
models of Tesla coils in the past few years [2, 3]. They argue that lumped parameter models
are not adequate for all situations. Sometimes a distributed circuit analysis must be made. In
this case, the Tesla coil secondary and another component called the extra coil are considered
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as sections of transmission lines. This explains some of the effects in an elegant manner. They
have written a sophisticated computer program, TCTUTOR, to analyze Tesla coils. They
have also performed considerable historical research into Tesla’s notes made on his facility in
Colorado Springs [21].

The Tesla coil community is divided over the issue of lumped versus distributed models.
A majority favors the lumped model approach. Some are outspoken in their belief that
distributed models are useless at best and just plain wrong on important issues. I confess to
being somewhere in the middle on this controversy. James Corum and I both have our Ph.D.s
in electromagnetic theory, so I can mostly understand what he says, and I therefore have a
natural orientation to the distributed approach. In my eyes, I am like a Baptist pastor of a
50 person congregation and James is like Billy Graham. That is, I hold him in awe. I have
heard the Corums speak several times, and have gotten caught up in their knowledge and
excitement.

On the other hand, I cannot honestly say that TCTUTOR has been helpful to me in
building and understanding Tesla coils. I can see significant problems with distributed models,
which will be discussed later. And James, like many bright people, has a tendency to talk
down to us slow ones. This puts some people off, of course.

In this book we will look at both lumped and distributed models. We will point out
difficulties with both. We will look at some data, and ask which approach does best in
describing reality.

2 Classical Tesla Coil

A classical Tesla coil contains two stages of voltage increase. The first is a conventional iron
core transformer that steps up the available line voltage to a voltage in the range of 12 to 50
kV, 60 Hz. The second is a resonant air core transformer (the Tesla coil itself) which steps up
the voltage to the range of 200 kV to 1 MV. The high voltage output is at a frequency much
higher than 60 Hz, perhaps 500 kHz for the small units and 80 kHz (or less) for the very large
units.

The lumped circuit model for the classical Tesla coil is shown in Fig. 1. The primary
capacitor (' is a low loss ac capacitor, rated at perhaps 20 kV, and often made from mica or
polyethylene. The primary coil L; is usually made of 4 to 15 turns for the small coils and 1 to
5 turns for the large coils. The secondary coil Ly consists of perhaps 50 to 400 turns for the
large coils and as many as 400 to 1000 turns for the small coils. The secondary capacitance
(5 is not a discrete commercial capacitor but rather is the distributed capacitance between
the windings of Ly and the voltage grading structure at the top of the coil (a toroid or sphere)
and ground. This capacitance changes with the volume charge density around the secondary,
increasing somewhat when the sparks start. It also changes with the surroundings of the coil,
increasing as the coil is moved closer to a metal wall. This may have been one of the reasons
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that Golka’s coil worked better in Utah than in Colorado, because the metal walls were closer
to the coil in Colorado.

iron core air core

Figure 1: The Classical Tesla Coil

The symbol G represents a spark gap, a device which will arc over at a sufficiently high
voltage. The simplest version is just two metal spheres in air, separated by a small air gap.
It acts as a voltage controlled switch in this circuit. The open circuit impedance of the gap
is very high. The impedance during conduction depends on the geometry of the gap and the
type of gas (usually air), and is a nonlinear function of the current density. This impedance
is not negligible. A considerable fraction of the total input power goes into the production of
light, heat, and chemical products at the spark gap. In any complete analysis for efficiency, an
equivalent gap resistance 44, could be defined such that iQRgap would represent the power loss
in the gap. This would have rather limited usefulness because of the mathematical difficulty
of describing the arc.

The arc in the spark gap is similar to that of an electric arc welder in visual intensity.
That is, one should not stare at the arc because of possible damage to the eyes. At most
displays of classical Tesla coils, the spark gap makes more noise and produces more light than
the electrical display at the top of the coil.

When the gap is not conducting, the capacitor 'y is being charged in the circuit shown in
Fig. 2, where just the central part of Fig. 1 is shown. The inductive reactance is much smaller
than the capacitive reactance at 60 Hz, so L1 appears as a short at 60 Hz and the capacitor
is being charged by the iron core transformer secondary.

A common type of iron core transformer used for small Tesla coils is the neon sign trans-
former (NST). Secondary ratings are typically 9, 12, or 15 kV and 30 or 60 mA. An NST has
a large number of turns on the secondary and a very high inductance. This inductance will
limit the current into a short circuit at about the rated value. An operating neon sign has a
low impedance, so current limiting is important to long transformer life. However, in Tesla
coil use, the NST inductance will resonate with C. The NST may supply two or three time
the NST rated current in this application. Overloading the NST produces longer sparks, but
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|| ||
Up Ly Up

Figure 2: C] Being Charged With The Gap Open

may also cause premature failure.

When the voltage across the capacitor and gap reaches a given value, the gap arcs over,
resulting in the circuit in Fig. 3. We are not interested in efficiency in this introduction so
we will model the arc as a short circuit. The shorted gap splits the circuit into two halves,
with the iron core transformer operating at 60 Hz and the circuit to the right of the gap
operating at a frequency (or frequencies) determined by C1, Ly, Lo, and Cy. It should be
noted that the output voltage of the iron core transformer drops to (approximately) zero
while the input voltage remains the same, as long as the arc exists. The current through the
transformer is limited by the transformer equivalent series impedance shown as Rs + j X, in
Fig. 3. As mentioned, this operating mode is not a problem for the NST. However, the large
Tesla coils use conventional transformers with per unit impedances in the range of 0.05 to
0.1. A transformer with a per unit impedance of 0.1 will experience a current of ten times
rated while the output is shorted. Most transformers do not survive very long under such
conditions. Golka was not alone in burning out some of his transformers. The solution is to
include additional reactance in the input circuit.

R, X Cq

gap
shorted Ly L %

Figure 3: Tesla Circuit With Gap Shorted.
The equivalent lumped circuit model of the Tesla coil while the gap is shorted is shown

in Fig. 4. R; and Ry are the effective resistances of the air cored transformer primary and
secondary, respectively. The mutual inductance between the primary and secondary is shown
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by the symbol M. The coefficient of coupling is well under unity for an air cored transformer,
so the ideal transformer model used for an iron cored transformer that electrical engineering
students study in the first course on energy conversion does not apply here.

R M Ry
—_ —_—
11 12
n_— Ly Loy Co T v2

Figure 4: Lumped Circuit Model Of A Tesla Coil, arc on.

At the time the gap arcs over, all the energy is stored in Cj. As time increases, energy
is shared among C4y, L1, C3, Lo, and M. The total energy in the circuit decreases with
time because of losses in the resistances R; and Ry. There are four energy storage devices
so a fourth order differential equation must be solved. The initial conditions are some initial
voltage vy, and i1 = i9 = vg = 0. If the arc starts again before all the energy from the previous
arc has been dissipated, then the initial conditions must be changed appropriately.

The Corums present the necessary solution technique in their manual [3] and also the
computer code. The voltages and currents are not single frequency sinusoids. Rather there
is a frequency spectrum with one hump for M small and two humps for M large. This
is fascinating material for lovers of circuit theory, but is of somewhat limited usefulness in
suggesting design changes for better performance.

It appears to this author that the time domain solution is more useful than the frequency
domain. We simply examine vy, vo, i1, and i as time increases, either graphically or in some
sort of tabular printout. We then change one or more of the energy storage device values
and do it again. It is also helpful to calculate the energy stored in each device. If the total
energy stored in the circuit is decreasing monotonically with time, at the rate power is being
absorbed by R; and Rs, then one can be reasonably confident that the computer code is
working correctly.

The time domain solution resembles a drunken walk in that it is difficult to predict what
a given value will do next. Energy is moving among storage devices like cannon balls rolling
around on the deck of an old sailing ship. Patterns can be changed readily by changing
component values. We need a strategy for evaluating each solution for movement toward or
away from some optimum. This strategy is developed by recognizing the following facts. After
a small number of half cycles of i1, the arc will dissipate and the spark gap will again become
an open circuit. At this point we want as much energy as possible stored in the secondary,
either as i3Ly/2 or v3C/2. Any energy stored in C; when the gap opens is not available to
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produce the desired high voltages on Cj.

With proper design (proper values of Cy, L1, Co, Lo, and M) it is possible to have all the
energy in C transferred to the secondary at some time ¢;. That is, at ¢ there is no voltage
across C1 and no current through L;. If the gap can be opened at 1, then there is no way
for energy to get back into the primary. No current can flow, so no energy can be stored
in L1, and without current the capacitor cannot be charged. The secondary then becomes a
separate RLC circuit with nonzero initial conditions for both Cy and Lo, as shown in Fig. 5.
This circuit will then oscillate or “ring” at a resonant frequency determined by Cs and Ls.
With the gap open, the Tesla coil secondary is simply an RLC circuit, described in any text
on circuit theory. The output voltage is a damped sinusoid.

Figure 5: Lumped Circuit Model Of A Tesla Coil, arc off.

Finding a peak value for vs given some initial value for vy thus requires a two step solution
process. We first solve a fourth order differential equation to find 79 and w9 as a function
of time. At some time t; the circuit changes to the one shown in Fig. 5, which is described
by a second order differential equation. The initial conditions are the values of io and vo
determined from the previous solution at time ¢;. The resulting solution then gives the
desired peak values for voltage and current. The process is tedious, but can readily be done
on a computer. It yields some good insights as to the effects of parameter variation. It helps
establish a benchmark for optimum performance and also helps identify parameter values that
are at least of the correct order of magnitude. However, there are several limitations to the
process which must be kept in mind.

First, as we have mentioned, the arc is very difficult to characterize accurately in this
model. The equivalent R; will change, perhaps by an order of magnitude, with factors like i1,
ambient humidity, and the condition, geometry, and temperature of the electrode materials.
This introduces a very significant error into the results.

Second, the arc is not readily turned off at a precise instant of time. The space between
electrodes must be cleared of the hot conducting plasma (the current carrying ions and elec-
trons) before the spark gap can return to its open circuit mode. Otherwise, when energy
starts to bounce back from the secondary, a voltage will appear across the spark gap, and
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current will start to flow again, after the optimum time t; has passed. With fixed electrodes,
the plasma is dissipated by thermal and chemical processes that require tens of microseconds
to function. When we consider that the optimum ¢; may be 2 us, a problem is obvious. This
dissipation time can be decreased significantly by putting a fan on the electrodes to blow the
plasma away. This also has the benefit of cooling the electrodes. For more powerful systems,
however, the most common method is a rotating spark gap. A circular disc with several elec-
trodes mounted on it is driven by a motor. An arc is established when a moving electrode
passes by a stationary electrode, but the arc is immediately stretched out by the movement
of the disc. During the time around a current zero, the resistance of the arc can increase to
where the arc cannot be reestablished by the following increase in voltage.

The rotary spark gap still has limitations on the minimum arc time. Suppose we consider
a disc with a radius of 0.2 m and a rotational speed of 400 rad/sec (slightly above 3600 rpm).
The edge of the disc is moving at a linear velocity of rw = 80 m/s. Suppose also that an arc
cannot be sustained with arc lengths above 2 cm. It requires 0.02/80 = 25 us for the disc
to turn this distance. This time can be shortened by making the disc larger or by turning
it at a higher rate of speed, but in both cases we worry about the stress limits of the disc.
Nobody wants fragments of a failed disc flying around the room. The practical lower limit
of arc length seems to be about 10 us. With larger coils this may be reasonably close to the
optimum value.

The third reason for concern about the above calculations is that the Tesla coil secondary
has features that cannot be precisely modeled by a lumped circuit. One such feature is ringing
at ‘harmonic’ frequencies. Neither the distributed or lumped models do a particularly good
job of predicting these frequencies. Data will be presented later for a medium sized secondary
(operated as an extra coil, explained in the next section), with a high Q resonance at about 160
kHz. When applied power is switched off, the coil usually rings down at 160 kHz. Sometimes,
however, it will ring down at 3.5(160) = 560 kHz. A third harmonic appears in many electrical
circuits and has plausible explanations. A 3.5 ‘harmonic’ is another story entirely.

These three reasons explain why we never see a paper giving a complete Tesla coil design
with experimental data verifying the theoretical design. We get started with theory, but at
some point have to move to an experimental optimization. The saying is, “Tune for most
smoke”, which Harry Goldman attributes to Bill Wysock and Gary Legel. It is a tribute
to the experimentalists that we have coils in existence with names like “Nemesis” that can
produce sparks fifteen feet long [11].

3 Magnifier

As mentioned above, the classical Tesla coil uses two stages of voltage increase. Some coilers
get a third stage of voltage increase by adding a magnifier coil, also called an extra coil, to
their classical Tesla coil. This is illustrated in Fig. 6.
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iron core air core —— magnifier

Figure 6: The Classical Tesla Coil With Extra Coil

The extra coil and the air core transformer are not magnetically coupled. The output
(top) of the classical coil is electrically connected to the input (bottom) of the extra coil with
a section of copper water pipe of large enough diameter that corona is not a major problem.
A separation of 2 or 3 meters is typical.

Voltage increase on the extra coil is by transmission line action, rather than the transformer
action of the iron core transformer. Voltage increase on the air core transformer is partly by
transformer action and partly by transmission line action. When optimized for extra coil
operation, the air core transformer looks more like a transformer (greater coupling, shorter
secondary) than when optimized for classical Tesla coil operation.

The lumped circuit enthusiast would say that voltage rise is by RLC resonance. Both
camps agree that voltage rise in the secondary and especially in the extra coil are not by
transformer action.

Although not shown in Fig. 6 the extra coil depends on ground for the return path of
current flow. The capacitance from each turn of the extra coil and from the top terminal to
ground is necessary for operation. Impedance matching from the Tesla coil secondary to the
extra coil is necessary for proper operation. If the extra coil were fabricated with the same
size coil form and wire size as the secondary, the secondary and extra coil tend to operate as
a long secondary, probably with inferior performance to that of the secondary alone. There
are guidelines for making the coil diameters and wire sizes different for the two coils, but
optimization seems to require a significant amount of trial and error.

In my quest for a better description of Tesla coil operation, I decided that the extra coil
was the appropriate place to start. It looks like a vertical antenna above a ground plane, so
there is some prior art to draw from. While the classical Tesla coil makes an excellent driver
to produce long sparks, it is not very good for instrumentation and measurement purposes.
There are just too many variables. The spark gap may be the best high voltage switch available
today, but inability to start and stop on command, plus heating effects, make it difficult to
use when collecting data.
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I therefore decided to build a solid state driver. Vacuum tube drivers have been used for
many years and several researchers have developed drivers using power MOSFETS, so this
was not entirely new territory. It turned out to be a long term project. At the beginning, I
had little idea about the input impedance of a coil above a ground plane, or how much power
would be required to get significant sparks (say, half a meter in length or more). There have
been many iterations, but I finally produced a design that would make sparks. Two major
disadvantages are that it requires a digital oscilloscope with deep memory for tuning purposes,
and one can make longer sparks using a standard spark gap. These disadvantages make it
unlikely to sweep the Tesla coil community. There might be situations, however, where this
approach would be useful. One is a museum installation, for example, where sparks of 0.5 to
1 meter are acceptable, and long life and low maintenance are critical factors.

The remainder of this document is a collection of my notes on this project, including some
deadends. There are discussions on

1. Capacitance

2. Inductance and Transformers

3. Gate Driver and Inverter

4. Lumped Model

5. Experimental Results

Capacitance appears in many different places in the Tesla coil system, in the power supply,

the controller, the driver, the coil body itself, and the top toroid or sphere. It therefore gets
a lengthy treatment. Other items get a somewhat lesser treatment.

References

[1] Boscolo, I., G. Brautti, R. Coisson, M. Leo, and A. Luches, “Tesla Transformer Acceler-
ator for the Production of Intense Relativistic Electron Beams”, The Review of Scientific
Instruments, Vol. 46, No. 11, November 1975, pp. 1535-1538.

[2] Corum, J. F. and K. L. Corum, “A Technical Analysis of the Extra Coil as a Slow Wave
Helical Resonator”, Proceedings of the 1986 International Tesla Symposium, Colorado

Springs, Colorado, July 1986, published by the International Tesla Society, pp. 2-1 to
2-24.

[3] Corum, James, F., Daniel J. Edwards, and Kenneth L. Corum, TCTUTOR - A Personal
Computer Analysis of Spark Gap Tesla Coils, Published by Corum and Associates, Inc.,
8551 State Route 534, Windsor, Ohio, 44099, 1988.

Solid State Tesla Coil by Dr. Gary L. Johnson October 29, 2001



Chapter 1—Introduction 1-12

[4]

[10]

[11]

[12]

Couture, J. H., JHC Tesla Handbook, JHC Engineering Co., 19823 New Salem Point, San
Diego, CA, 92126, (1988).

Cox, D. C., Modern Resonance Transformer Design Theory, Tesla Book Company, P. O.
Box 1649, Greenville, TX 75401, (1984).

Finkelstein, David, Phillip Goldberg, and Joshua Shuchatowitz, “High Voltage Impulse
System”, The Review of Scientific Instruments, Volume 37, Number 2, February 1966,
pp- 159-162.

Goldman, Harry, Tesla Coil Builders Association News, 3 Amy Lane, Queensbury, NY,
12804, (518) 792-1003.

Golka, Robert K., “Long Arc Simulated Lightning Attachment Testing Using a 150 kW
Tesla Coil”, IEEE International Symposium on Electromagnetic Compatibility, October
9-11, 1979, San Diego, CA, pp. 150 - 155.

Grotz, Toby, “Project Tesla - An Update”, Tesla Coil Builders Association News, Volume
9, No. 1, January, February, March, 1990, pp. 16-18.

Hoffmann, C. R. J., “A Tesla Transformer High-Voltage Generator”, The Review of
Scientific Instruments, Vol. 46, No. 1, January 1975, pp. 1-4.

Hull, Richard L., Tesla Coil Builders of Richmond, 7103 Hermitage Rd., Richmond,
Virginia, 23228.

Hull, Richard L., “The Tesla Coil Builder’s Guide to The Colorado Springs Notes of
Nikola Tesla”, Tesla Coil Builders of Richmond, 1993.

Johnson, Gary L., “Using Power MOSFETSs To Drive Resonant Transformers”, Tesla 88,
International Tesla Society, Inc., 330-A West Uintah, Suite 215, Colorado Springs, CO
80905, Vol. 4, No. 6, November/December 1988, pp. 7-13.

Johnson, Gary L., The Search For A New Energy Source, Johnson Energy Corporation,
P.O. Box 1032, Manhattan, KS 66505, 1997.

Jones, H. W., “Project Insight - A Study of Tesla’s Advanced Concepts”, Proceedings of
the Tesla Centennial Symposium, Colorado Springs, Colorado, August 9-12, 1984.

Lee, Thomas W., High Voltage Generation with Air-Core Solenoids, 8329 E. San Salvador
Dr. Scottsdale, Arizona, 85258, (1989).

Luches, A. and A. Perrone, “Coupled Marx-Tesla Circuit for Production of Intense Rela-
tivistic Electron Beams”, The Review of Scientific Instruments, Vol. 49, No. 12, December
1978, pp. 1629-1630.

Solid State Tesla Coil by Dr. Gary L. Johnson October 29, 2001



Chapter 1—Introduction 1-13

[18] Matera, Manlio, Roberto Buffa, Giuliano Conforti, Lorenzo Fini, and Renzo Salimbeni,
“Resonant Transformer Command Charging System for High Repetition Rate Rare-Gas
Halide Lasers”, The Review of Scientific Instruments, Vol. 54, No. 6, June 1983, pp.
716-718.

[19] Peterson, Gary L., “Project Tesla Evaluated”, Power and Resonance, The International
Tesla Society’s Journal, Volume 6, No. 1, January/February/ March 1990, pp. 25-34.

[20] Terbo, William H., “Opening Address”, Proceedings of the Tesla Centennial Symposium,
Colorado Springs, Colorado, August 9-12, 1984.

[21] Tesla, Nikola, Colorado Springs Notes, A. Marincic, Editor, Nolit, Beograd, Yugoslavia,
1978, 478 pages.

Solid State Tesla Coil by Dr. Gary L. Johnson October 29, 2001



Nikola TESLA’s Wireless Systems

André Waser* Issued (German): 29.07.2000
Last changes (English): 05.08.2000

After his inventions about the polyphase powering systems Nikola TESLA has
focused himself more to experiments with high voltages, high currents and
high frequencies. One of his goals was to transmit electrical energy without a
power network directly from a central plant to the different consumers. In New
York TesLA has done his first trials for this new technology. Then at the
change of the century 1899-1900 TesLA moved to the high lands of Colorado
Springs. There he has executed so many experiments, which has not been re-
peated in all its details and specialties until these days. Now, exactly one hun-
dred years after a review about this impressive and important experiments may
be of a particularly interest.

Introduction

It is surprising how little information can be found in literary about the work of the famous
Serbian experimenter Nikola TESLA. In the contrary his antagonist Thomas EDISON, which
mainly promoted the direct current systems, is mentioned where ever one looks. But it was
Nikola TeEsLA who invented the today used polyphase power system in all its part of genera-
tion, transmission and consumption. It was Tesla, not EDISON, who has made the world-wide
use of electricity even become possible.

And today almost all publications about TESLAs work are looking at his high frequency
and high voltage transformers, known under the summary term ,, Tesla-Coil“. From time to
time some papers has been published about this specific topic; for example for a repetition of
some experiments® € about applications of this transformerst™ ' about the measure-
ment on such devices™*! or about some theoretical considerations@*,

Very special arrangements of the TESLA coils are the power transmitting and receiving
devices of Tesla. Konstantin MeyL has recently published many papers about this topic.
Mey L2 has ysed the same speculative explanation hypothesis as the author™*? has used
at an earlier time and which are — as suggested now — not necessary anymore.

It is typical for an experimental explorer that he discovers unexpected results and finds
new facts only because he makes some leading experiments on the basis of speculative
models. And because of this TESLA was far ahead of the theoretical knowledge of that time
with his experimental practices. Therefore a communication with the established science was
not always easy for him, what could be a reason (beneath of commercial interests) that Tesla
has more or less stopped his publications in scientific journals after the year 1899 and since
then only published in popular daily or weekly newsletters.

* André Waser, Birchli 35, CH-8840 Einsiedeln, Switzerland
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Wireless transmission of electrical energy

In the years 1884-1889 TeSLA got different patents for his alternating polyphase technology,
which has been a substantial breakthrough at that time against the direct current technology.
But leading economists and companies in Europe didn‘t understand TESLAs visions and he
was forced to emigrant in the USA. Together with George WESTINGHOUSE TESLA made it
possible to build the first alternating power station of a large scale at the Niagara Falls in
1893. But the first patent™, which reveals the landmark thoughts TESLA's, was filed in the
year 1891 and is a fully description of a high frequency lighting system. The specific feature
of this system is the use of only one supplying single wire to the particularly build and
patented single terminal carbon lamps without a return wire. (The patent has been granted in
the record time of only two months.)
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Figure 1: US-Patent 454,622 ,System of Electric Lighting* issued on June 23, 1891

With the first transformer P-S the alternating voltage of generator G (about 5 kHz) is trans-
formed to high voltage. The resonance circuit S-C is then vastly discharged along the spark
gap. As a result there are high current peaks in the primary winding P’ of the second trans-
former. With this second transformation the high frequency part of this current peaks is again
transformed upwards and feeds the load circuit. One end of the second secondary S’ is
connected to a long wire or wire grid W positioned along the room walls. The other end is
connected to TESLA’s invented single terminal lamps. In opposite to the lamps used today this
lamps have only one connector. And this connection leads to an electrode — mostly made
from carbon — inside the fully or partly evacuated glass bulb. On different occasions
TesLAM2I2] has demonstrated, that this high frequency currents and voltages do not cause
immediate injury to the experimenter (himself) or the audience.
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This patent shows all characteristics of the high frequency circuits with high voltage and
high currents as used by TESLA. In the following steps TESLA optimized the technology of
generation and utilization of high frequency and high voltage apparatus, which he mostly
applied to lighting systems with different kinds of bulbs. In the year 1897 he applied for three
patents about the transmission of electrical energy. The first patent® he registered on March
20" about a high frequency transformer with high power capabilities. Besides a common
ground connection this transmission method needs only one transmission wire.
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Figure 2: US-Patent 593,138 ,Electrical Transformer” issued on November 2" 1897

The generator G supplies the primary of the flat coil C. This simplified diagram does not
come very close to the real experimental setup”. Then as previously shown with the patent
about the lighting system an intermediate step-up transformation with a spark gap and a high
voltage transformer is necessary to achieve a resonant frequency of some million cycles per
second. With some advantages it is also possible to use this step-up transformation after the
flat secondary coil B. This flat coil TesLA®Y has extra patented because of its excellent
performance with high voltage and high frequency signals. On one end the secondary B is
connected to ground and on the other end to the transmission wire which is connected to a
receiving device with a flat coil B* of a symmetrical form. With a step-down transformation
with the coil C* the electrical energy is finally transmitted from the generator G to the load L
with only one conducting wire.

Some months later TESLAP™ has shown that the transmission wire can be dropped com-
pletely and can be replaced by a glass tube filled with air of low pressure.
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[27]

Figure 3: Slide of Nikola TEsLA*" about the energy transmission through a partly evacuated
glass tube; dated of January 23" 1898.

In figure 3 the arrangement of figure 2 can be found again. With this discovery of the good

electrical conductivity of air of low pressure the path was free for further developments.
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Figure 4. US-Patent 645,576 ,System of Transmission of Electrical Energy* filed on Sep-
tember 2™ 1897, issued on March 20", 1900
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Then on September 1897 TesLAP4?! has filed two other patents for the transmission of elec-
trical energy (figure 4). But the granting of this patent has been made dependent of the
experimental success as a corresponding part in the patent shows (Pat. 645576, p. 3, col. 2).

In this patents TESLA writes of a grounded high frequency emitter with a highly elevated
ball electrode which was in resonant connection with a symmetrical, grounded resonant
circuit (receiver) to enable the energy transmission through the upper atmosphere, which in
great heights becomes more and more conductive for electrical currents.

The Electrical Review of London published on May 1899 a summary of articles about
the work of Nikola TESLA previously published by their New York colleges. Here TESLA
stated that the air will have a sufficient conductivity for his experiments, if the ball electrodes
are placed in a height of four miles (~6.5 km). This could probably be done by balloons,
TESLA suggested.

Trained with many experiments TESLA left New York on May 11" 1899 to the highlands
of Colorado Springs (2000 m about sea level) where he experimented!?” with several systems
for the transmission for electrical energy until the turn of the century on January 11" 1900.
One of the goals was to prove by experiment the feasibility of his patent applications of 1897.
As a result of his experiments he got his second patent’?”! on March 20" 1900 and his third
patent® on May 15™ 1900. And only one day after he got this third patent he filed an other,
very important patent®?. In this patent he describes for the first time in detail the energy
transmission through the earth and gives more information about signal detection (figure 5).
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Figure 5: US-Patent 787,412 - ,Art of Transmitting Electrical Energy Through the Natural
Mediums" filed on May 16™ 1900, issued on April 18" 1905.

Obviously he was only able to file this patent after the other two patents from 1987 has
been granted. And this is because the older patents and this new one does contradict each
other in the description of the method of the energy transmission in essential points! The
results of the Colorado Springs experiments has motivated TESLA to replace his previous
patents — based on his New York experiments — with a newer and accurate one.
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Almost during his work in Colorado Springs TesLA® © B4 filed continuously some pat-
ents which report his experimental progress in detail but which are mainly focused on the
receiving devices only and not on the full system of transmitter and receiver.

The topic of signal transmission through the earth has engaged Tesla further and two
months later he again filed a patent®™ which shows some different methods for signaling
with and without the use of transmitting wires.

All his efforts culminated in a project for the transmission of electrical power of 10MW
in Wardencliffe™™, USA, which has never been completed probably because of low fundings.
The basic arrangement for the large scale power transmission was published in his last
patent!*”! file of this kind.

Figure 6: US-Patent 1,119,732 - ,Apparatus for Transmitting Electrical Energy* filed on
January 18" 1902, issued on December 1% 1914.

This enormous work TESLA‘s, which has not — or only perfunctory — been published in
the scientific publications of that time, is worth to be reconsidered at least partly on the basis
of today‘s knowledge and theories.

On the first glance to the series of figure 2 to 4 one supposes that the energy transmission
finally occurs through the air by the means of an increasing electric conductivity of the upper
atmosphere. Actually TEsLAP"®) has written in his first patents that this is the case. But with
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a closer look at his drawings there can be recognized that all his circuits has — beneath the
high voltage transformers — an other common thing: the ground connection. In later publica-
tions TESLAFAEEEZ has mentioned explicitly that the really conductor of the power trans-
mission is the Earth itself. The Earth acts like a giant reservoir for electrical charges which
can be set into oscillation by his powerful equipment. Is now a very sensitive resonant circuit
(receiver) placed on an other place on Earth, which is tuned to the transmitter‘s frequency,
then the receiver couples to this oscillations and gains its signals due to resonance.

This electrical excitement of the Earth TESLAPS5 ¥ has discovered in a stormy night
from July 03" to 04" 1899 in Colorado Springs. To his great surprise he detected standing
waves on the Earth surface after heavy lightning. With his sensible equipment he was able to
record that the signals first diminished when the storm passes away but then again increased
and later on diminished again and so fourth. Of a special interest for Tesla was the fact that
the different maximum readings almost increased the more the storm was moved away form
the receiver, and this to an estimated distance of about 200 miles.

The receiver must be constructed according to figure 4 by enabling powerful oscillations
between Earth and the elevated charge terminal D’, if it is used for energy transmission. If
only signals are to be detected, then it is sufficient to have a receiving device according to
figure 5, which only detects and demodulates electrical signals on Earth’s surface.

After his discovery on July 3 1899 TesLA obviously has done further measurements,
which he has not published in great detail, but on which he has made some insinuations®3
after his time in Colorado Springs. Beneath some distortions due to lightning and other
influences due to sun eruptions and aurora borealis he also discovered a week periodic signal.
He was only able to speculate about the origin of this signal, which he recorded with his very
sensitive devices.

Today we can assume with great certain that TESLA has detected radio signals from pul-
sars, from which he erroneously thought®®! they are signals from intelligence of civilizations
on other planets. Since 1967 the radio signals of pulsars has not been detected again by
science. The team of Antony HewisH® in the Cavendish-Labor of Cambridge has re-
discovered this signals, for which HEwisH received 1974 the Nobel price of physics, which
really had been admitted to TESLA. It is typical for the awarding of this Nobel price, that
Jocelyn BELL-BURNELL, who has worked in HEwISH®s team and who first has noticed the
absolutely unknown and curious peaks of a period of 1'/; seconds on the recorded signals,
also not has been nominated .

TESLA intended to transmit huge amount of electricity through the atmosphere and dis-
covered with his experiments in Colorado Springs®®? the surprising fact of Earth’s electric
conductivity. By using the whole planet as a receiving device Tesla had the biggest radio
telescope ever used on Earth to detect signals from outer space. He was not able to determine
the exact direction of the incoming signals but the sensitiveness of his receiving equipment
was so extremely high (for that time), that he was able to detect this signals from which we
know today that they come from pulsars and magnetars. This is — beneath the discovery of
the X-rays (later named by Roentgen) — his second missed Nobel price.
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Analysis

The force of an oscillating HERTZ dipole on a stationary charge is well known. This can also
be described as a sum of forces between relatively resting, moving and accelerating charges
as the author™! has shown for the case of large distances to the HERTZ dipole. A transmission
of electrical energy from one point to an other is certainly possible with a HERTZ dipole, too.
But with increasing distance r form the transmitter the energy density diminishes rapidly.
This law of distance can be undergone when instead of air under normal pressure a conduct-
ing medium (electrical wire) is used. An almost frictionless transmission of electrical energy
between two points on Earth without wires only can be done by using some sort of a ‘con-
necting wire’, a voltage or current source and a load. This connecting wire is the Earth. The
voltage or current source is the transmitter and the receiver is the load.

The elevated terminals D and D* function as a charge reservoir (electric capacitor), but
they do not act as the transmitting terminal itself, whereas the energy is given off to the air. If
no transmission through air is planned, it is preferred to insulate this terminals so that no
charges are lost to the atmosphere. This has been sometime described by TESLA. For a
simpler construction TESLA could have placed the capacitor terminals D and D’ beneath the
transformers A-C and A’-C’ respectively. But obviously the specific arrangement of the
terminals D and the supply wire B as shown in all patent drawings is very important for the
correct function of the apparatus.

v~
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Figure 7: Accelerating dependent forces of a TESLA transmitter on negative charges in the
Earth.

TESLA has operated the Earth as a ball capacitor. The transmitter “pumps” with a fre-
quency between 20...250kHz**? electrons between the Earth and the elevated terminal
back and fourth. To minimize the HERTZ radiation losses this frequency has to be as low as
possible, as TESLA has mentioned explicitly. To achieve an optimal effect it is necessary to
use high voltages. Tesla has tuned the whole conductor length consisting of the secondary
coil A and of the conductor B to the wave length of the resonant frequency of the secondary.
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With this tuning the voltage between ground and terminal rised up to more than four Million
Volts. To produce such high voltages a resonant circuit with high efficiency (low damping) is
requested, as TESLA mentioned many times. For that he sometimes used his flat spiral coil.
The main goal is to move as many charges as possible in a short time from the terminal down
to the usually bad conducting ground and back to the terminal again.

If we look at the transmitter oscillating with the resonant frequency o then the equation of
the force between resting, moving and accelerating charges “'*®! can be applied. At the
considered time the terminal D should be fully charged with electrons.

The conductor part Ig is much shorter than the conductor |5 used in the coil S as arranged
in the TESLA experiments. So we can assume with high accuracy that the current is not a
function of the direction z. Then, for example, on a distance r » I the acceleration dependent
force®! acts on charges in the vicinity of the transmitter proportional to 1/r:

—= —-sin@r, (0.2)

That means, the electrons previously sitting in D are not only locally pressed into ground but
in addition there acts a force F4 on every ,free* charge in the Earth (and atmosphere), which
is inverse proportional to the distance to the transmitter. This force pushes (or pulls) the
negative charges in the Earth down to deeper layers (or up again to the transmitter). Addi-
tionally there acts also a force proportional 1/r to on every charge in the ground around the
transmitter. Only the simple “injection” of electrons into ground has a much smaller effect
than the forces of the moving and accelerating charges in the wire element B.

With this explanation it is clear why Tesla used such high voltages or why he always in-
tended to use as much charges as possible in his circuits. The effects of the moving and
accelerating charges in the wire B depends directly on the number of involved electrons and
of the frequency of the apparatus. The acceleration can not be made higher in ordinary
conductors but the number of electrons can be increased with higher voltages. And the
increasing of the voltage was always TESLAs intention.

The energy of the transmitter is used for the acceleration of the free charges in Earth,
which in turn again accelerate more distant charges in the ground. The result is a longitudinal
wave of oscillating electrons across the Earth’s diameter. And exactly this is what TesLAP?
always has claimed to do. If the Earth would be a body of unlimited size, the impressed wave
would be dissipated as well as the involved energy. But because of the finite size of the Earth
the longitudinal wave soon approaches the borderline to the atmosphere where it will be
reflected similar to sound waves. The really astonishing fact is, that the longitudinal wave
through the Earth is close to the speed of light in vacuum as can be calculated form TESLA’S
patent information.

If the Earth is electrically struck — for example by lightning — there will always be at least
two basically different resonances. The main resonance between Earth and atmosphere is
known as SCHUMANN resonancel™™ and has a frequency of about 7.9 Hz, whereas the
TESLA resonance is 11.8 Hz. Both different resonances are again presented in figure 8.

The Earth behaves like a perfect electrical conductor: ,,...the planet behaves like a per-
fectly smooth or polished conductor of inappreciable resistance with capacity and self-
induction uniformly distributed along the axis of symmetry of wave propagation and trans-
mitting slow electrical oscillations without sensible distortion and attenuation. This wave is
concentrated and reflected exactly at the opposite pole of the planet as Charles Yost!* and
HARTHUN et. al.®! has shown. TesLA describes in onet®? his patents the velocity of the
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surface wave along the Earth‘s circumference form pole to pole in words as to be
Vo = 471°0240 km/s. This means, the wave velocity through the Earth along the diameter 2rg
is close to the speed of light in vacuum, then it is:

Yo_lo _m ¢ (02)
c 2rg 2 2

So the speed of the longitudinal wave through the Earth is close to ¢. The main longitudinal
resonance is 11.79 Hz. With this longitudinal wave of free electrons in the ground the whole
Earth is set in resonance. The Earth diameter must be an odd multiple of a quarter wavelength
of the transmitter. Then, to produce a forward and backward wave front, the signal must be
applied at least for 0.085 seconds to achieve a standing wave. And exactly all this numbers
are given in TESLA’s patent®2.

"Surface wave" "Pressure wave"

\ \

Figure 8: Difference of SCHUMANN (left) and TESLA (right) resonance

Once there are built such standing waves it is possible to produce on different places on the
globe wave knots, where the excitation is a maximum and places where no oscillation can be
measured. Preferably on the places of maximum oscillations a receiver is placed. This re-
ceiver is built symmetrically to the transmitter. Because of its low OHM’ic losses the receiver
gains its amplitude due to resonance. Then the receiver becomes a transmitter, too. The
receiver also builds a standing wave in strong synchrony with the transmitter and as a result
the energy transmission can be started, if a load is placed on the receiver as shown in figure 4.
Principally this energy transmission is possible in both directions.

First the transmitter must supply the energy to build up the standing wave in Earth and
the to build up the receivers oscillations. This does not require a high energy throughput.
Then, as Tesla states, if this standing waves are established in perfect synchrony an energy
transmission can be done without heavy losses. The energy consumed by the receiver (and
the losses) out of the standing waves must be supplied by the transmitter to hold the oscillat-
ing system through the Earth alive. According to TEsLA? the requested energy transmission
can be made with an efficiency of 99.5%.

The assumption®®®, that TESLA has received more energy than transmitted — and there-
fore gave his system the name ,,Magnifying Transmitter” — can neither be definitively con-
firmed nor rejected with the presented analysis. There exists a text passage!® that may support
this assumption, but in most other original publications TesLAPEM always claims of an
efficiency of about 99%.

If only the receiving of signals is requested, the receiver can be built much cheaper, be-
cause it has not to induce also a standing wave into Earth. Also the transmitter does not
necessarily have to produce a standing wave in Earth so that every desired frequency can be
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used. According to figure 5 (right side) the receiver can detect the potential difference be-
tween two distant points on the Earth surface. It is possible to receive signals around the
globe as well as under water with this method.

TESLA has used high voltages and high currents, as he often said. The noise of his ex-
periments in Colorado Springs was detectable many miles. Despite the fact, that he doesn’t
involve such large amounts of energy as assumed to be released in thunderstorms, the anal-
ogy to lightning is allowed. So the Earth’s longitudinal resonance should be detectable if
lightning strikes the Earth surface. Actually it can be seen by eyes that the lightning bright-
ness appears to flicker. It is known®, that with ground lightning the flash strikes two to four
times the same location within a time duration between each stroke between 40...80 millisec-
onds. This corresponds to the propagation time of a forward and backward wave through
Earth close to the speed of light in vacuum.

Up to this point the transmitter and receiving devices are described in its basic functional-
ity. It is desirable that this particular TESLA devices would be reconstructed in fully detail as
done hundred years ago in Colorado Springs to get an even better understanding what has
happened.

TESLA has made much more progress after his experiments with the transmission of elec-
trical energy as mentioned above. Over 30 years he has made much more discoveries, which
he has published only partly or even nothing. But in his later years he always mentioned a
new energy source he already has found in the years, where he worked with the wireless
systems. About this part of TESLA’s work an other paper“® will be published.
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Figure 10: TESLA'S
Colorado Springs experi-
ment in 1899. The metal
ball (~75cm diameter) can
be moved in height up to
50 meter about ground.

Figure 11: The skillet of
the first TEsLA plant
(constructed ~1901-1903)
for the transmission of
energy and broadcasting
signals in Wardencliffe,
Long Islands, New York.
It was never completed.

Page 14 copyright © (2000) by André Waser; www.andre-waser.ch



Appendix 8 Tesla Conference 2011 ~ Brookhaven National Laboratory ~ Nov. 5, 2011 1

SUMMARY NOTES ON TESLA COILS

K.L. Corum and J.F. Corum, Ph.D.
“The apparatus is practically the lamp of Aladdin.” Nikola Tesla (1916)'

A. The Lumped-Element Regime

1. Transients (finite energy signals®). The lumped element Tesla coil (lumped element, coupled, tuned
circuits) was demonstrated at Columbia University and patented in 1891.**>® Initially, the primary
capacitor is charged up by the power mains transformer. When the break conducts, the initial stored energy
discharges into the RF primary. During the time that the primary spark is conducting, the system operates
in the Lumped Element regime (Fig. 1). Writing the coupled second order circuit differential equations
(including resistive losses) results in the following interplaying damped oscillations, which fritter away the

energy.7’8’9‘10 X1, ()= Ay e ! cos(awyt+@)+ A, e cos(w;t +y) (The analysis is in our references.)

.

Vc‘(l >

Fig. 1 (a) Coupled oscillators (lumped): infinite duration primary spark. (b) Transient oscillations.
Unlike Hertz, who did not use C,, Tesla’s stroke of genius'"'*'*'*'> was to move the energy storage
capacitance to the primary side (where it could be huge by comparison to C,) and use it to tune the primary.
[Incidentally, the last 2 references copied these remarks without source attribution. When we were kids, ...
in the days before Doris Kerns Goodwin, this used to be called plagiarism. We were stunned that a
Cantabrigian of such stature would openly bootleg from us in an IEEE paper and a Wiley textbook.] The
highest voltage step-up possible from a properly tuned, lossless, lumped-element coupled circuit is, by
Kelvin’s conservation of energy principle,'® the square root of the primary-to-secondary capacitance ratio:'’

1 1 C

W= §C1Vl2 = Ecszz = v, = C_IVI
2

2. Spectra. The Fourier magnitude-spectrum of the voltage across the secondary capacitor is a double-
hump, characteristic of a tightly coupled IF transformer or a Double Side-Band oscillation:'®

A
L(®H

or

L)

{ t t - f
f £ fy

s

Fig. 2. Fourier spectrum of the time-domain waveforms in Fig. 1(b). The beat period is T}, = 1/(Af).
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For low-loss circuits with L;C; = L,C,. or f; = f, = f, , formal analysis gives the two frequencies (appearing
in each mesh) as

fL,U ~ % or Af = fu - . = kf,

where we have separately resonated the isolated tuned circuits at f, , and k is defined in Figure 3.

k=

M
-

IAn)

fi f fy f

Fig. 3. (a) Line splitting due to coupling. (b) Three dimensional plot as the coupling is tightened.19

As the magnetic coupling between primary and secondary is increased, the upper and lower spectral
prominences split and move further apart. (See Tesla’s comments.)* However, they coalesce into one
component when oM = (R,R,)” giving k = k. = 1N(Q,Q,) , which is called “critical coupling”. (Maximum
power transfer occurs at critical coupling, “The resistance which the secondary couples into the primary at
critical coupling is equal to the primary resistance.”*' But, the efficiency of the machine then drops to only
50%.) Radio engineers will recognize the impulse response of an IF “can” in Figures 1 and 3.

3. Importance of Dwell (Spark Duration). From Figure 1(b), the time for the primary energy to be
transferred to the secondary is %2 T, (half the beat period) which is 1/(2Af). If the coupling is looser the
spread Af is smaller and energy transfer will take longer. At critical coupling or less Af—0 and the
required transfer time (the primary spark duration) t, — co. If the coupling is tighter, the spread between
spectral peaks widens and the energy transfers more rapidly, requiring very short primary spark durations.
The rate of transfer of energy from the primary to the secondary depends upon the tightness of coupling.
Fig. 4 is a plot of normalized secondary voltage as a function of primary spark duration for two values of
coupling, k. Clearly, tight coupling (and the associated short t;) is desirable. (Easy to attain with IGBT’s.)

T T T T T
Py =
s -

k|

S
a0 o
Py i)

Experimental Data
(KLC: 7-21-1989)
F | I | I |
o 10 20 30 40 50 &0

Microzsconds
Fig4. Measured |V,| for fixed k, V;, C; and C, as primary spark duration, t, is varied. Note the
dramatic advantage for operating with a commensurate coupling and spark duration.”>?**
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Skilling gives the physical reason for energy transfer between coupled oscillators:
“As long as the current in the primary is inducing a voltage in the secondary that has a
component in phase with i,, there will be energy added to the secondary. At the same time the
voltage being induced in the primary by i, has a component in opposition to i; and energy is being
removed from the primary.””

It can be shown that the time required for V¢,(t) to reach its first maximum, which is when you would like
the primary spark to break, is given by: AT = 1/(2Af).*® The voltages would then look like Figure 5. But,
this is not what is observed for distributed-resonator machines. (See Fig. 7, below.)

Veci(t)

[ primary spark breaks

Figure 5. A perfectly timed rotary break. (Note the decay of V, after the primary spark breaks.)

4. Lord Kelvin’s Logarithmic Decrement.”’” The exponentially damped RF wave shown in Figure 6,
[V(t) = e*sin(w.t) where a = nf/Q], has successive, but decreasing, peaks at t = nT = n/f,. Consequently
X()/X(t+T) = T = ¢ . The logarithm of the ratio falls by & during each complete oscillation (cycle),
which is the product of the damping coefficient and the period, and is called the logarithmic decrement: & =
oT = o/f =7/Q. (The more damping, the bigger the decrement, and the broader the signal.)

IF (I
e X(t)
T e X(tHT)

Fig. 6. Damped wave, decrement and spectrum.

5. Finkelstein’s ‘Optimum Coupling’ for Lumped Operation. When the open circuit resonances are
equal (f; = f, = f,), David Finkelstein® found an optimum magnetic coupling of k = 3/5 (which is
significantly greater than critical coupling) for total energy transfer with only 1 primary voltage reversal.
(See Fig. 7.) This makes f; = 2f;. However, this also requires the break’s spark duration to be t, = 1/(2Af)
which can be a challenge to obtain mechanically. (Tesla at Colorado Springs had f, = 100 kHz, and the
required spark duration would be about t; = 8 ps.) Otherwise, there will be a beat wave. Furthermore, the
lumped circuit analysis is valid only during the primary spark duration, while the primary and secondary
are mutually bathed in magnetic flux and no standing waves are set up yet on the secondary (resonator).
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Fig. 7. (a) Complete transfer of energy with only one voltage reversal. (b) Ring up/down.
B. The Distributed-Element Epoch

6. Fleming & Dyke. As observed via wave-meter measurements long ago, Fleming & Dyke** noted that
the spectrum of the induced voltage has 3 humps, not two.*

Viaa ®

Y

f|_ fo 2 fl!

Fig. 8. Fleming & Dyke’s observed spectrum.

What’s going on? Fleming & Dyke wrote, “The frequency corresponding to the middle hump is the natural
free period frequency of the secondary circuit. The frequencies of the other two maxima on either side
correspond to the two oscillations which are created between the primary and secondary circuits.”' Eccles
concurred, “The fact that Dr. Fleming’s curves show, for some degrees of coupling, three humps instead of
two, indicates that the pair of circuits does not remain a double system throughout the oscillation. One
circuit disappears at a more or less early stage of the process, that is to say, the primary spark goes out and
virtually removes the primary circuit from the combination, so that thereafter the secondary circuit vibrates
alone.”” An actual oscillogram of the time-domain voltage on C, , showing this effect, is shown below.”

During the time that the primary spark is conducting, the “early time” system response is that of a
coupled circuit, producing beats and a double-humped spectrum. If the primary spark breaks when all the
energy is trapped in the secondary, the secondary circuit rings-upward toward a maximum and then fritters
down, giving the single-humped spectrum as the “late-time” response.” The secondary oscillations are
growing after the spark has broken, which is different from what is occurring in Figure 5!!

Figure 9 permits a clear interpretation of the Fleming, Dyke and Eccles phenomenon. At the moment
the primary spark breaks the magnetic flux trapped in the secondary (now a top-loaded, stand-alone, helical
resonator) can’t get back to the primary (an open circuit high-impedance) and collapses, forming quasi-
monochromatic forward and backward traveling waves on the top-loaded helical transmission line
resonator. During this “transition epoch” these waves set up an interference pattern (a standing wave).

" This is identical to the carly-time and late-time backscatter response of an extended radar target (where pspice fails).
In the early-time you’re looking at backscatter while the target is still being illuminated. In the late-time the
illumination pulse is over and the target itself (as a resonator) is responding with its own characteristic frequencies.
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How long does it take for the trapped energy to set up the wave interference pattern (standing wave) now
forming on the isolated resonator stage?

vi(f)

Transition Epoch }
@m ) f
! ‘ l fo 2
s sy PrImary spark breaks here_\

!

| NTITTAY
, | MU
(Luamood Bement hegine, Boaw) | ey i

| i

Start = 172.500 ps Start = 329.000 ps
Stop = 191.000 ps Stop = 336.000 ps
deltat = 18.50 ps 1/(delta t) = 142.857 kHz

1 i |
I * LI

fu f

fL
Fig. 9. Measured secondary voltage. Note that the spark conducts only during the early-time response,
giving beats. Unlike Fig. 5(b), V, grows after the primary spark breaks! (See Fig. 12 below.)

Goldman® has observed that the build-up transient time of a tuned transmission line must be inversely
related to the spectral width of the resonator, 6f. We note that the time taken for the waves to build up from
initial uniform energy storage (at the spark quenching instant) is related to the resonator bandwidth by the
Fourier reciprocity relation dted6f > 1/4w, where 6f is related to the selectivity, Q, as Q = f,/6f., and dt is a
quantity often called the coherence time, 1, , (for optical fields).”>”® In optics, temporal, or self-coherence
(at a point in space) is the ability of a light beam to interfere with a time-delayed sample of itself.

C. Steady-State Analysis (Power Signals®’)

[To avoid having to solve the problem of transients on anisotropic waveguides, we’ll pass to finite power
signals and do the helix boundary value problem in the sinusoidal steady state. The approach is acceptable
for describing wave interference provided the spectral width of the oscillations is reasonably narrow:
df<<f,, i.e. — slowly decaying exponential modulation of a time-harmonic carrier. It is a matter of partial

coherence and spectral purity. (In the parlance of the physicist we’ve assumed “adiabatic invariants”.*®)]

7. Helix mode (a boundary value problem). In our publications it has been our hypothesis that, during this
later time, the secondary behaves as a slow wave helical resonator and that voltage rise is by standing
waves: Via = S Vi which exceeds the usual lumped-element response. A post-1894 Tesla coil is a
velocity inhibited quarter wave resonator with the V;, induced at the base stepped up by VSWR, which
then rings down and dies out exponentially due to resonator losses (assuming no breakdown at the top of
the resonator). The ring-up operation takes place over several cycles and power is the conserved quantity.
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Lumped-Element
Theory Distributed-Element = A
l Theery (Measured) o = C

L |
|
| 1. W =vic
|
’ ! Zo 2 hg= Y oo
I Vi 3. B.=2m/3
. B.= 27/,
g=ﬁr__j£ 4 9
' T — V!wtuuﬂ

ﬁll-:___

- Vh % h =+ % %

Fig. 10. (a) Fundamental mode voltage distribution prior to a discharge. (Heise)"’
(b) Slow-wave transmission line equivalent. ****

A boundary value solution of Maxwell’s equations gives the surface wave characteristic impedance***’

zZ, = ) In 4h -1.027
Yy D

(which is a more rigorous form of Schelkunoff’s “average characteristic impedance
wave velocity factor V¢ = v/c and guide attenuation are given by*’

%) and the surface-

1/5
) 1 and oy - 18125(h/D)
Vf:i - dwzo fMHz

c 25 0.5
1+ 20(2j [Bj
s Ay

(s = turn-to-turn spacing, D = helix diameter, and d,, = wire diameter in inches). The “voltage” is then
distributed along the line as the interference pattern of the forward and backward traveling wave pair that
are solutions of the transmission line wave equation and are, for the present, assumed to be monochromatic
and coherent. The voltage distribution along a lossy transmission line is given by the familiar expression

V(x) = V, coshyx + (I,Z,)sinhyx ~ ¥, [(1+(ZO/ZL)ax)cos/)’gx +j((ZU/ZL)+ax)sinﬁ,xJ

where the distance x is measured backward from the load, Vy is the load voltage, I; is the load current and o
is the attenuation constant. For the dominant mode on a low loss quarter wave line (Bgh = n/2) which is
open circuited at the load end (Z, = =), these give the voltage step-up ratio (or magnification
Sactor*™®*%3152) between the top and bottom of the resonator as™>>*¢

oo (1
Vich) j(ah]

where V(-h) is the induced driving voltage referred to the base of the structure. Tesla was aware of this
distinctive phenomenon (even with spiral resonators) and wrote, “With such coils, I found that there was
practically no limit to the tension available.”®” This is a Tesla coil resonance transformer.”*> (Obviously,
the load may be a capacitive electrode (sphere, toroid, etc), which has the dual role of electrically
shortening the required structure for system resonance and holding off high voltage discharges until a
desired potential is attained. Tesla wrote,

“... these ‘extra coils’ with one of the terminals free, enable the attainment of practically any

EMEF, the limits being so far remote that I would not hesitate in undertaking to produce sparks of
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thousands of feet in length in this manner. ... I expect that raising the EMF with an open coil will
be recognized later as a material and beautiful advance in the art. No such pressures, even in the
remotest degree, can be obtained with resonating circuits otherwise constituted with two terminals
forming a closed path. ... practically any spark length may be obtained.”™ (Compare a Lever vs. a
bull-whip.®>6%)

Voltage along a low-loss quarter-wave structure (h = A,/4) can be approximated by the standing wave

V(x) = Vg, cos (% %j =Vrop sinKl + %) %}

where x is measured back from the load. Obviously, energy (~¢°) is nonumiformly distributed along
resonators and bull-whips (~v°), unlike with lumped circuits.** In the limit at low frequency, these wave
formulae turn into the conventional expression for a lumped-element inductor (with a uniform current
distribution and a linear voltage rise, not the (actually measured) sine wave shown in Figure 10(a)).*>%

8. Analysis of the Tesla Coil as a Cavity Resonator or a Velocity Inhibited Transmission Line. These
transmission line wave parameters permit us to plot the coil behavior on a Smith chart by normalizing the
load capacitance with respect to Z, , entering at this load, and advancing 6 = 2B,{ toward the low
impedance point (the grounded base of the helical resonator).®’

- L] 2
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Fig. 11. Smith chart for a capacitance-loaded Tesla coil resonator.’®

Incidentally, the Smith chart shown in Figure 11 is for Tesla’s “Extra Coil” appearing in his Colorado
Springs Notes for November 1, 1899 and shown in Photos XII (p. 336), XIV (p. 338) and XXVII (p. 358).
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aV1=136.8V

Figure 12. Photographic documentation of the coherence time phenomenon for magnification. The
switch opens at the first x, and the resonator voltage rises thereafter (!) to the peak at
the second x. This is NOT the same as the phenomenon shown in Fig. 5(b) above.”

During the primary spark, the secondary field exhibits the phenomenon of beats shown on the left. When
the spark breaks, however, the energy is trapped in the resonator and the voltage distribution is observed to
build up (by a factor of 18 times the lumped element voltage at the switching instant), during the
duration of the coherence interval. This is different than the exchange shown in Figure 5 above! (No
overlap of i; and i, during build-up.) Build-up is due to wave interference and the formation of a standing
wave over the coil. (This magnification does not occur if operating in the lumped element regime!) The
standing wave, in turn, rang down with a logarithmic decrement of 7/Q = 0.09. The resonator frequency
was 122 kHz and the measured Q = 34.9, giving &f = 3.495 kHz, &t = 22.8 us and an error of 1.8%. The
documentation was taken at Battelle (Columbus) on a Tesla Technology Research Model 10 (now residing
in the Power Engineering Lab at Ohio State), which was top loaded and the coil was approximately 73° tall.
This Tesla coil phenomenon was first observed in 1988 and reported in 1990 in Figures 4 and 5 of an old
paper’’. The above photograph was taken in 1991 at Battelle.

9. What about Conservation of Energy? Back in section 1 we reported that the maximum step-up for
lumped circuits was the square-root of the primary-to-secondary capacitor ratio, but in section 7 we showed
that the maximum step-up for a transmission line resonator was the VSWR times the induced voltage
referred to the base. Aren’t we violating “conservation of energy”? Isn’t the magnification greater than
(CI/CZ)V’ ? No and no. For the dominant mode on a low loss quarter wave line that is open circuited at the
load end (Z, = o, i.e. C, = 0), the voltage step-up is 1/al, not c as the C-ratio would assert. The
fundamental limit is the propagation attenuation constant, which when approaching zero (the lossless case)
permits extreme VSWR and voltage magnification.

10. Vacuum Tube Excited Coils. For the same resonator and the same input power, why do rotary break
and IGBT excitation produce more spectacular displays than vacuum tube coils? John Wiesner found that
by adjusting the time constant of the grid-leak RC he could optimize the spark length, but it upset the grid
bias.”' Even though a class C vacuum tube oscillator can have a relatively small conduction angle’
(analogous to spark-duration), the effective “spark rep rate” is too high for oscillations to coherently build
up in the resonator over several cycles. (The output of the tube oscillator is CW rather than pulsed power.)
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With CW the output is proportional to the average input power (a relatively long duty cycle). With a spark
driven coil, the duty cycle is very small but the output is high peak power. (Additionally, the tube plate
resistance acts as a load during the conduction time, which dampens the coherent build-up in the resonator.)
Two kW average in a vacuum tube coil produces 1 or 2 foot sparks ... but two kW average in a rotary gap
coil can produce twenty to fifty kW (or more) of peak power and an 8 foot spark, depending on primary
spark duration (dwell). [However, a tube can be forced to be cut-off for many cycles and behave similar to
a lossy circuit with a low duty-cycle rotary break machine driving the resonator. (An SCR on the cathode.)]

11. Oudin Coils and Seibt’s Experiment. Since any magnetically coupled circuit (transformer) is
equivalent to a T-circuit,” instead of operating with link-coupled coils (a transformer with a primary and a
secondary) as shown in Figure 1(a), one may excite a portion of the secondary resonator circuit directly’* as
a tapped coil, autotransformer, or tapped resonator worked against ground (like a gamma match on a
quarter-wave tower). This version of the Tesla coil, “invented” by P.M. Oudin in 1899, was actually widely
published from both Tesla’s 1891 Columbia University lecture/demonstration” and his 1893 lectures in
Philadelphia and St Louis.”*”” Sometimes one end of the primary and one end of the secondary are just tied
together and to ground and tuned (Fig. 13 on the left). The unwarranted attribution to Oudin (who merely
popularized the circuit in early 20" century medical research) once again illustrates ignorance of the
physical phenomenon of voltage magnification on resonators by standing waves. Seibt’s Experiments.
Seibt’®"* not only demonstrated the effect of sweeping the frequency of single-wire, base-driven helical
resonators through their resonant frequencies (also from Tesla’s 1893 lecture) but also demonstrated the
existence of standing waves (and their nodes and antinodes) on helical resonators (Tesla coils).

£

& {'."" £ i o
'wﬂu"‘ﬁﬂﬁﬁ@% A ..
¢ - 17 « o

o

L

(Oudin Coil) (Seibt's Experiment)
Oudin 1899  Tesla 1891 Columbia Tesla's 1893 Lecture

Fig. 13. Oudin’s circuit configurations (1899), Seibt’s experiment, and Tesla’s 1891/93 demonstrations.
R

Prim .fg;c |_l
L—|I Balt lerrminal

Oudin Coils ‘ Modern Tapped Resonators

—

= }

S

Nearest
lumped=circuit
analogy

Standing=-
WaVe
pattern

Fig. 14. Tesla’s 1891 circuit (predates Oudin) - left. Tapped resonators (VHF/UHF ‘Oudin coils’) right.*!

12. Breakdown. Finally, we should mention that what limits the maximum attainable voltage is the power
driving the resonator and the breakdown potential of the load geometry (which depends upon the radius of
curvature of the load, and arises from the onset of cold field emission from the electrode’s surface: the rapid
evolution of the discharge from cold field emission to Trichel pulses to avalanche to arc/spark). Tesla asserted
that the RF breakdown potential of a smooth spherical electrode in air at sea level can be approximated by the
expression: Vy, = 7.5 XaX106, where “a” is the radius of the sphere in meters and Vy is called the “disruptive
potential”** During the discharge, the load electrode passes from a linear capacitor to a nonlinear low
impedance dissipative load, shifting the system resonator frequency. (Tesla asserted that the spectacular
discharges with which his name has become synonymous, “...while wonderful are worthless”!1**)
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13. Finish. The primitive lumped-element version of the “Tesla coil” was invented in 1891. Today,
virtually all high performance Tesla coils are velocity inhibited, distributed-element,” slow wave
transmission line helical or spiral resonators. (Note that the latter should be operated in the vertical plane.)
Distributed resonator voltage-magnification by standing waves was patented by Tesla in 1897.% (The
cavity resonator evolved from this notion.***®) Incidentally, Tesla said that he discovered this striking
nature of RF coils experimentally in 1894, “That was the first single step toward ... my magnifying
transmitter.” He was aware of the distributed element nature of Tesla coils in the mid 1890’s, and his
work at Colorado Springs was intended to experimentally determine ferrestrial propagation phenomena,
not reinvent the Tesla coil *****° (The analytical problem was not solved until 1909,”' and has endured a
century of controversy.”>”®) It is ignorant people that have turned Tesla into a caricature of the mad
scientist. See a prior note™ to grasp the esteem in which Tesla was held by Einstein, Lord Kelvin (“Tesla
has contributed more to electrical science than any man up to his time.”*>”®), Helmholtz (“Helmholtz was
convinced from the very beginning that I could do it. It took argumentation and experiments to convince
Lord Kelvin.””” But when Kelvin witnessed Tesla’s experiments, he said with tears in his eyes, “I am sure
you will do it.”gg), Bohr, Millikan, Compton, Chadwick, Rutherford, Crooks, Lord Rayleigh, ... His
nomination for an undivided Nobel Prize in Physics in 1937 is now documented.” For more on Tesla’s
background and professional credentials see our review papers' "> and his obituary.'"

D. Conclusions:

Assuming you have followed all the usual good engineering construction practices for RF (high Q, etc.),
also consider these:

(a) The switch duration of your break device (whether IGBT, rotary or quenched gap) sets the
requirement for primary-to-secondary coupling. Note that:
(1) Spectral spread is proportional to coupling: Af ~ k
(2) The time required for energy transfer = 2 T,
(3) Except for IGBT’s, your break device has a given t, that you’re stuck with.
(4) Therefore, to make %A T, = t,, adjust k to make t; and 1/(2Af) equal: t; = 1/(2Af).
(b) The size of your secondary electrode (C,) sets the hold-off voltage of the resonator. Hold off
breakdown as long as you can.
(c) The primary power = Nx'4C,V .
() Viax =S Viin = [1/(00)Vingueea (Make the VSWR on the resonator as large as possible!)
(e) We call special attention to Figures 4,9 and 12, and to the voltage distributions in Fig. 10(a).

The lessons to be learned are: (1) operating in the distributed element regime has a substantial advantage
over lumped element operation; (2) if you have a long spark duration (say, t; ~ 100 ps) then, as a
compromise, use critical coupling (which is fairly loose). This at least gives the resonator a sine wave at f,.
And, (3) if you have control over the spark duration go for as tight a coupling (fast energy transfer) as you
can. In any case do whatever is necessary to cut the spark duration way down (use IGBT’s if you can) and
then tighten up the coupling. [Consider running Test IT of the TCBA paper'* on your machine.]
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Class Notes: Tesla Coils and the Failure of Lumped-Element Circuit Theory
by
Kenneth L. Corum and James F. Corum, Ph.D.

" The working [of the Extra Coil] was excellent with 1/4 wave-length." Nikola Tesla, September 18, 1899

L _Introduction. Can one model the physical operation of a Tesla coil appropriately with only lumped-element circuits? If not, why not? It
was pointed out long ago that, at its operating frequency, a Tesla coil is not a lumped-element induction coil. Forget the quest for "many turns

of fine wire". In fact, a Tesla coil has more in common with a cavity resonator than it does with a conventional inductor. [See TCTUTOR,

Corum, 1988, pp. 56-58; "Extra Coil as a Slow Wave Resonator," Proc. 1986 ITS Symposium, pp. 2:1-2:24; mﬂﬂmﬁmﬁ&,
by E.A. Abramyan, Hemisphere, 1988, p. 94.] With a real Tesla coil, voltage rise is neither by lumped-element transformer action (E2 = NE1),
nor by induction (E2 = M di/dt), nor by simple lumped-element coupled resonance [V2 = V1x (L2/L1)*]. In all of those circuit models the
current is analytically presupposed to be uniformly distributed along the wire in the coil (it's in the Neumann integral definition of inductance -
see any elementary electromagnetics text) and the voltage will rise proportional to N, the turns along the coil. There are no standing waves on
a lumped element circuit component. (In fact, lumped-element circuit theory inherently employs the cosmological presupposition that the speed
of light is infinite, as every EE sophomore should know. See, e.g., - Electric Circuits, by J.W. Nilsson, Addison-Wesley, 1983, p. 3.)
However, a true Tesla coil (circa 1894) is a velocity inhibited slow-wave helical transmission line resonator: Vmax = SxVmin,
where S is the snmdmg wave ratio. Voltage magnification is by standmg waves. Period. No such voltages, even in the remotest degree, can
be obtained by either lumped element transformers or by lumped element LC resonating circuits. This behavior of all quarter-wave resonators
is well known. [See "Resonant Lines and Radio Circuits," by F.E. Terman, Trans. AIEE, July, 1934, pp. 1046-1053; Hyper and Ultra High
Frequency Engineering, by R. Sarbacher and E.W. Edson, Wiley, 1943, p. 353; Networks, Lines and Fields, by J.D. Ryder, Prentice-Hall, 1949,
p. 285; Electromagnetic Waves & Radiating Systems, by E.C. Jordan and K. Balmain, Prentice-Hall, 1968, pp. 227, 231.] In the following
note, we will show why one needs transmission line analysis (or Maxwell's equations) to model these electrically distributed structures.
Lumped circuit theory fails because it's a theory whose presuppositions are inadequate. Every EE in the world was warned of this in their first
sophomore circuits course. (A pre-discharge, linear operating regime is being assumed for both lumped and distributed operation, of course.)

It makes no difference whether the coil is a cylindrical helix, a conical frustum, or a flat spiral. Tesla clearly understood the velocity-
inhibited nature of spiral and helical resonators and taught that, "The length of the wire coil in each transformer should be approximately one-
quarter of the wave length of the electric disturbance in the circuit, this estimate being based on the velocity of propagation of the disturbance
through the coil itself" [US Patent 645,576; Applied for Sept. 2, 1897] It's not the physical length of the wire but rather the velocity inhibited
electrical length of the helical coil which must be quarter-wave resonant (i.e., have forward and reflected wave-interference producing a
standing quarter-wave resonance). This was recognized by Tesla, and this is the meaning of the phrase "...this estimate being based on the
velocity of propagation of the disturbance through the coil itself" (The consideration could not exist for a lumped element, obviously.)
Berkeley physicist David Sloan, ("An RF High Voltage Generator," Phys. Rev., Vol. 47, 1935, pp. 62-70), did not know how to mathematically
handle the inhibited velocity of propagation on the helical resonator, and a suitable engineering analysis was provided only a decade ago.

Is there any question that Tesla is speaking of a distributed transmission-line resonator? Well, if so, listen to his correspondence to
the US Patent Examiner on November 15, 1897. He is explaining what happens if the resonator excitation-frequency is raised (i.e., the
wavelength shortened). As every electrical engineer knows, a grounded quarter-wave transmission-line resonator possesses a Vmin at the base
and a Vmax at the top. If the frequency is lowered, the structure is too short for quarter-wave resonance, and if the frequency is raised, then
Vmax positions form down in the resonator. The same is true for both helical coils and spiral coils. Concerning the latter, Tesla wrote,

"'If the transmitting and receiving coil were made longer than the quarter of the wave-length of the electrical disturbance in the
wire, then the points of highest potential would not fall at the inner ends of the coils ... as required, but nodal points would form,

as the case may be, somewhere in the middle of the coils ..." [Dr. Nikola Tesla - Selected Patent Wrappers, compiled by J.T. Ratzlaff,
Tesla Book Company, 1980, Vol. 1, p. 150.]

This phenomenon is decisive. It occurs only on distributed resonators: it is impossible with any lumped circuit element! (The gurrent has the
same value at every point along a lumped-element.) To understand what is happening, consider a cylindrical helical coil of height H. The base
is always forced to be a voltage node (it's grounded). The top is always a relative voltage loop at the odd quarter-wave resonances and a voltage
node at the even (half-wave) resonances. These boundary conditions constrain the mode patterns on the structure (called spatial harmonics).
We assert that velocity inhibited partially coherent forward and reflected RF traveling waves form interference patterns on the coil.

IL_Physical Description. At the fundamental (quarter-wave) resonant frequency there is a Vmin at the base and the Vmax appears at H (the
top). At the next mode there's a Vmin at the base, a Vmax appears at 1/3 H, then there's another Vmin at 2/3 H, and, finally, a Vmax at the
top. (The structure is 3 quarter-wavelengths tall.) At the next resonant mode there are voltage nodes at the base, 2/5 H, and 4/5 H; and a Vmax
appears at 1/5 H, 3/5 H, and at the top. (The structure is 5 quarter-wavelengths tall.) To see the nodes sharply, you have to be at the resonant
frequencies. (The impedance is following a circle around the Smith chart and the voltage is varying accordingly.) We will number the modes
in terms of the number of quarter-waves on the structure: n=4H/A,. [The resonant frequencies are called "overtones" instead of "harmonics".
Only overtones that are integer multiples of the fundamental are called harmonics. For a nondispersive resonator the fundamental is called the
first harmonic, the first overtone is the second harmonic, the second overtone is the third harmonic, etc. However, a helix is a frequency



dispersive resonator - the velocity factor is not a linear function of frequency and, therefore, the overtones of the resonator are nof integer
multiples of the fundamental.] At the next overtone, the voltage nodes are at the base, 2/7 H, 4/7 H, and 6/7 H. The Vmax are at 1/7 H, 3/7
H, 5/7 H and the top. Sketch a vertical line with 7 equidistant tick marks. Sketch heavy dots (nodes) at 0, 2, 4, and 6. Sketch in loops with
maxima at 1, 3, 5 and the top. (The structure is 7 quarter-wavelengths tall.) The magnitude distribution of the spatial interference pattern is
called a standing wave. At all the odd resonant overtones, there is always a Vmax at the top and a Vmin at the base. The pipe organ, trombone,
violin, harp, guitar, xylophone, ... (even a flag pole) ... are all transmission line resonators. No wonder Helmholtz and Lord Kelvin were so
entranced by Tesla's wonderful coil: it's a musical instrument whose very soul has been tuned for creating an electrical fountain of celestial fire.
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One can write analytical expressions for ail this, of course. (They're in Appendix VI of our book Vacuum Tube Tesla Coiis.)

IIL _An Experimental Test. In spite of the fact that Tesla, himself, concurs, all the above are just assertions until an experiment is conducted.
Well, here is a simple test to see if your Tesla Coil is operating as a lumped circuit or a distributed circuit, i.e. - to see if it's possible to use
lumped circuit theory to analytically model your coil. Stand your resonator up (in monopole fashion), connect a signal generator between its
base and ground (you could connect the base directly to ground and link couple the generator to the coil), and sweep the oscillator up through
the resonant frequencies. Hold an oscilloscope probe near the top and make a note of the frequencies (resonances) that show a Vmax. If other
loop (Vmax) and node (Vmin) positions form down the coil at the higher resonant frequencies - congratulations. You're beholding a
transmission line resonator. You'll see the voltage loop and node positions move down as the frequency is raised. (You could, if so disposed,
measure the current along the coil. There will be a current maximum at the base and a current minimum at the top of a distributed resonator:
the current entering one end of a tuned transmission line resonator is not equal to that exiting at the other end - this isn't DC!)] If either
the current diminishes at the top of the coil or the loops and nodes migrate down the coil, then you have a distributed element, and lumped
circuit modeling fails. Period. Lumped circuit theory isn't absolute truth, it's only an analytical theory - and in these resonators we have the case
where this sophomore theory fails experimentally. The engineer must either use Maxwell's equations or distributed elements to model reality.
(If lumped analysis describes your coil, cheer up - modify its operation to an open resonator and you'll see what Tesla called, on July 11, 1899,
"a beautiful advance in the art"!) Helical resonators of this genre are common knowledge in the engineering community. Top loading by a sphere
or toroid will foreshorten the resonator in a predictable way. (TCTUTOR, p. 50) The procedure given by Tesla is to select a top loading (toroid
or sphere) that is physically large enough to prevent discharge prior to reaching the desired potential, and then design the resonator to operate
with this load reactance at a frequency that brings the top-loaded system into resonance at the desired potential. (CSN, July 11, 1899) This
is different than designing resonant lumped element systems, where currents are uniform along coils and voltage rises are much smaller. It was
documented (analytically and experimentally) over a decade ago, and it's astonishing that it's still disputed seriously by some Tesla aficionados.

As with all experiments, be careful to control stray effects such as the mutual capacitance between the scope probe leads and the
resonator. (You're looking for spatial variations in a geometrically compact field distribution.) Even the experimenter's body will modify the
resonator’s voltage distribution. We constructed a sliding coax-fed E-field probe. (It's a variation of the conventional slotted-line experiment
so familiar to undergraduate EEs.) This simple probe samples the resonator’s external E-field (proportional to the voltage distribution along
the coil) without seriously perturbing the fields, and it avoids errors that would arise from the experimenter waving his arms near the coil. (An
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1. Tune to the fundamental frequency and observe the Vmax at the top and the Vmin at the base.

2. With an oscilloscope probe (or even a neon bulb) near the top, tune to the first overtone (the next frequency where the Vmax at the top
again reappears sharply). Then move the probe downward along the coil. You will see a Vmin (near the 2/3 H point) and a Vmax (near
the 1/3 H point). And then, of course, a Vmin again at the base. [Lumped element coils can't do this.]

3. To convince yourself that the transmission line resonator theory is really gospel, tune to the 5th Vmax observed at the top (counting the
fundamental as 1). The structure is then 9 quarter-wavelengths tall. There will be 5 Vmaxs, with a guide quarter-wavelength equal to
the coil length divided by 9. You can either move the probe up and down the coil to find the 5 separate voltage maxima, or you can place
the probe 1/9 up and swing through the Vmax. (Place the probe 2/9 up and you'll sweep through a voltage null at the same frequency.)

[There is even enchantment for the analytically minded. If you solve Maxwell's equations on a helix for the interior and exteriqr fields, and
match the boundary conditions radially across the helix, you will be led to a transcendental equation which must be solved iteratively for the
guide phase constant from which the all important inhibited velocity factor may be determined. (It will be on the order of 1/1000 or less for
a Tesla helix.) The spatial "wavelength compression factor" for the helical transmission line resonator then follows, as do the predicted
resonant frequencies and the Vmax positions. This all sounds complicated, but it's not, really. And, no - there is no violation of the equation
of continuity (i.€., conservation of charge) on helical resonators - even though the current is different at the two ends (the base and the top).]

We ran the experiment on the coil shown in Photo 1, below. The geometrical parameters of the coil were as follows: N =317 turns,
D =24.3", H=55.4", #10 gauge stranded copper (1 kV insulation), dy, =0.1019", s =0.175". The predictions and measured data were:

Mode  Predicted Vmax Measured Vmax Predicted Measured Error
Position Position fo (kHz) f (kHz) (Af/fo)
1 554" Top (55.4") 180 175 2.8%
3 18.5" 18.0" 455 435 4.4%
5 11.1" 11.0" 677 645 4.7%
7 7.9" 3.0" 903 860 4.8%



The normalized measured voltage wave interference patterns for the first three resonant frequencies were plotted alongside the coil as shown
in Photo 1. The experiment was also conducted on a small helical coil with the following parameters: N = 532 turns, D = 6.3", H= 25", #18
gauge enameled, dy, =.0403, s =.047". The data are tabulated below and provide added confirmation of the transmission line resonator theory.

Mode  Predicted Vmax Measured Vmax Predicted Measured Error
Position Position fo (kHz) f (kHz) (Af/fo)

1 25" Top (25") 540 520 3.7%

3 8.33" 8.0" 1,210 1,240 2.5%

5 5.0" 50" 1,753 1,800 2.7%

7 36" 3.5" 2,250 2,350 4.4%

9 2.78" 2.75" 2,750 2,800 1.8%

The theory and experiment agree to within 5%, which is acceptable engineering accuracy. Anybody should be able to obtain similar results.

IV. What's Going On? All those handbook formulas that people use for inductance, L, inherently assume applications at frequencies so low
that the current distribution along the coil is uniform. (They were all derived from the Neumann integral with an assumed uniform current,
which, historically, is an attempt to geometrically characterize a coil in terms of a ratio of magnetic flux linkage to impressed current.) The
real issue is that migrating voltage nodes and loops are not a property of lumped-circuit elements - they are the directly observable
consequence of velocity inhibited wave interference on the self-resonant coil. Lumped element representations for coiis require that the current
is uniformly distributed along the coil - no wave interference and no standing waves can be present on lumped elements. The problem has been
that many experimenters working with self-resonant helices have pursued the concept of coil self-capacitance without really understanding
where the notion comes from or why it was ever invoked by engineers. For that, they will have to go read R. W.P. King's wonderful old book
Electromagnetic Engineering, McGraw-Hill, 1945. (See pp. 418-422, 461-466.) On pg. 465, the Harvard Professor points out that, for coils
whose wire length exceeds 1/6 wavelength (as is the case for the secondary of authentic Tesla coils), "an adequate representation of the
reactance of a coil with a nonuniformly distributed current is not possible in terms of a coil with a uniform current [a lumped-element
inductance] connected in parallel with a lumped capacitance.” Period. Resonant fields present surprises to engineers with limited training.

V. Discussion. Figure 1 shows an actual physical system and two candidate models: (1) a transmission
line (distributed element) model (that allows one to include the effect of a spatially varying current
distribution); and (2) a lumped-element model. Depending upon whether you're operating at a
frequency where the current is sinusoidally distributed along the coil or operating at a low enough
frequency so that the current is uniformly distributed along the coil, either model may be appropriate.
(Distributed theory encompasses lumped circuits and always applies.)

In the transmission line resonator model, the ball on the top serves as a load reactance
conjugate to the transmission line back impedance to bring the system, of electrical length 8 = 8 G, into
resonance at the operating frequency and, assuming no discharges, the voltage rise is proporuonal to [ (b) Distributed Model: _
the VSWR on the resonator. Smith charts are the easiest way to work with distributed circuits. For a (Nonuniform Current on Coil)
resonant system, enter the chart at the capacitive load and proceed along a VSWR circle to the Vmin
at the input end. When the losses go to zero in the distributed resonator mode, S ~ = and the voltage g
magnification is limited only by the avalanche breakdown around the top electrode. The goal is to make T_
the structure's losses small and, therefore, keep the VSWR as high as possible - just the opposite of what LV =vic
RF engineers usually want to do with VSWR! The voltage magnification can be truly stunning for = o 2. A= Vi,
distributed resonance. ("There is sweet music here.” - Tennyson) l Ve 3. B, =2m/a,

(a) The Physical System:
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In the lumped element model, the sphere serves as a conjugate reactance, equal and opposite
to 2nf.L, where L is the self inductance of the coil measured at (or calculated for) frequencies so low
that the current distribution on the coil is uniform. A thorough analytical investigation of such tuned
coupled lumped resonance was given in TCTUTOR (p.16-44). In the lossless case, the voltage across (¢) Lumped Element Model:
the secondary is given by the conservation of energy expression V2 = V1x (L2/L1)*% = V1x (C1/C2)*, (Uniform Current on Coil)
RF magic which Tesla had discovered at his Grand St. Laboratory in 1891 and disclosed to Hertz at
Bonn in 1892. (See Vacuum Tube Tesla Coils, Appendix X.) This is the most lumped can give - even é %
if the coil has no resistance whatsoever! When real world losses in the coil are included the voltage L C

step-up 1s even smaller than this optimistic (C1/C2)* expression. The voltage magnification in coupled
tuned coils is nowhere near what is possible from a simple distributed resonator with standing waves.  Fig.1 Physical system and models.

VI. Operating Regimes. How can you tell whether your Tesla coil is operating in Tesla's pre-1894 tuned lumped element regime or in his
post-1894 distributed resonator regime? You could just look at the field distributions, as described in the test above. Here's a decisive set of
quantitative measurements to see how bad the lumped-element model really is. Do the experiment on your Tesla coil. We'll call it Test IT.



Step 1. With the sphere (or toroid) attached on the top of your coil and a ground connected to its base, link couple a signal generator into the
bottom of the coil and hold up an oscilloscope probe in the vicinity of the sphere - but not so close as to interfere with the experiment.
Sweep the signal generaior uniil ihe firsi Vmax is observed. Call this the system resonant frequency, f,.

Step 2. With the coil disconnected, but the top capacitor supported at the same height above ground as when it's on the coil, measure C.

Step 3. Calculate the capacitive reactance of the top capacitor at the measured system resonant frequency f,: X(f,) = 1/(2r £C).

Step 4. With L and C still disconnected, measure the self inductance of the coil (without the top capacitor) with an LCR bridge at 1 kHz (i.e., at
a frequency so low that the current on the coil will be uniformly distributed). Call this value L.

Step 5.  Calculate the frequency at which the lumped-element inductance has the same reactance as the actual capacitive reactance in steps 1 and
3. Thatis, £=Xc(f,)(2nL). Iff= f, then the coil in step 1 was operating in the lumped-element regime.

Well ... What frequency did you get in step 5? Is it the same as f,? Is the difference within engineering accuracy, i.e. is |f - f,|/f, x100% less
than 5%? If the answer is yes, then you may confidently use lumped-element modeling. However, if the answer is no, then, from the halls of
Valhalla, old Wotan, himself, is thundering out over the battlements, "# *@d&%!! . . . Thor, you dumdum! You can't use lumped circuit
modeling! .. ." [The coil has standing waves and is behaving as a distributed resonator.] Now, which model describes the operation of your
coil? We took the coil shown in Photo 1 and top-loaded it with a 25 PF (22" by 8") toroid and performed Test II. The results were:

Step 1. f, = 135 kHz (The toroid load lowered the resonant frequency and foreshortened the helical resonator to 8 = 65.7°))
Step 2. C =25.6 pF (measured at an elevation of 70")

Step 3. X(f,) = 46,052 ohms

Step 4. L=0.022 H (measured with a BK Precision LCR meter, model 875A)

Step 5. f =333.155kHz (So, |(f- f,)|/f, x100% = 146.8% error. . . Not even close to being a lumped-element circuit!)

By the way, TCTUTOR predicts that, for C =25.6 PF, the operating frequency will be at f = 140 kHz, and the error is only 3.7%.

About a decade ago, while one of the authors was serving as a Senior Research Scientist at the Battelle Memorial Institute's Columbus,
Ohio Laboratories, he had the opportunity to acquire Bill Wysock's Tesla Technology Research Model-10 commercial Tesla Coil. (See
TCBA, 1983 Vol. 2,#3 , p. 21, and the TTR website at <http://www.ttr.com>) We have the coil's parameters and measured data before us:
N=342 tums, D =20, H=97.8", dy, = 0.102" (silver stranded #10), s = 0.286". The Model-10 is capped with a large 4 foot diameter spun
aluminum toroid. (See Photo 2.) The results of Test IL, to determine the appropriateness of "lumped-element" coil modeling, are as follows:

Stepl. f, =140 kHz (measured) Step4. L =16.3 mH (measured with an HP-4262A bridge at 1kHz)
Step2. C =48 pF (measured) The 4 foot diameter Step5. f=23125kHz The "lumped-clement assumption" has|(f - f,)|/f,
toroid is supported 13 feet above ground. x100% = 65.2% error. . . . (Lumped circuits? . . . Not even close.)

Step3.  X(f,) = 23,684 ohms

Transmission line modeling of this coil predicts
that, for C = 48 pF, the operating frequency will be
f =133 kHz. The "distributed-element" model's
error is only 5%. (Maxwell's equations win again!) -+ H

Photo 2 is a 1990 snapshot when we first g
turned the coil on. We were limited by the fact that
the lab (the old foundry), though several hundred
feet in length, was only 50' wide and 25' high. (The
discharges hit the walls and ceiling.) The Model-
10 has a professionally constructed system control
panel housed in a 7' mobile relay rack cabinet, with
all kinds of instrumentation, heavy duty switching
components, safety interlocks, remote control, etc.
The safety protected 35 kV power transformer was
modestly rated at 25 kVA and the coil (with
appropriate loading) was advertised as capable of
6 megavolt peaks. We routinely used it (at half
throttle) for 30 foot directed discharges. (At night
the flash and echo were awesome!) When the
author left Battelle, this marvelous machine was
rescued by the Ohio State University's Electrical
and Computer Engineering Department, and, since
1995, it has been prominently displayed in the
Department's modern High Voltage Lab facility
adjacent to Dreese Lab, where it continues to be
used in high voltage research at OSU. (Go Bucks!) Photo 1. Coil and normalized measured voltage distributions at f= 175, 435, and 645 kHz.




The OSU High Voltage Lab web page can be found at
<http://eewww.eng.ohio-state.edu/~sebo/hvlab.html>. In
May, 1999, the authors were pleased to visit at Ohio State with
Professor Stephen Sebo, the Lab's Director, and operate the coil
once again. We digress. The conclusion to be drawn from Test
II is that modeling with lumped circuits is of marginal utility
(it's a naive swindle!) for really comprehending any modern
Tesla coil or understanding Tesla's post 1894 research.

Several years ago, a numerically modeled transient
analysis of coupled lumped-element coils was published in the
AJP ("A Solid-State Low Voltage Tesla Coil Demonstrator," by
D. Bruns, American Journal of Physics, Vol. 60, 1992, pp. 797-
803). An exact mathematical analysis of the same circuitry,
including losses, had been given in TCTUTOR back in 1988
when we pointed out that a lumped analysis 1s appropriate only
during the duration of the primary spark (while the coupled flux
is uniform throughout the resonator), and we indicated the great
importance of controlling the primary switching epoch.
(Finkelstein's optimum k = 0.6 criteria is valid only if the spark
duration is roughly 1/(2Af) where Af is the line splitting
passband broadening of the over-coupled circuit.) That the
coupled-coil, lumped-element model of Tesla coils is
physically fallacious (it doesn't predict the three-humped
spectrum that is actually observed when the spark duration is
finite) has been known since the 1911 experimental :
observations of Dr. Fleming. ("Some Resonance Curves Photo 2. Bill Wysock's TTR Model-10 as initially st up at Battelle.
taken with Impact and Spark-Ball Discharges," by J.A. Fleming
and G.B. Dyke, Proc. of the Physical Soc., London, Vol. 23, 1911, pp. 136-146 (see comments by Dr. Eccles and Prof. Howe, p. 144); Also
see "100 Years of Cavity Resonator Development," by J.F. Corum and K.L. Corum, Proc. 1990 ITS Symposium, pp. 2:1-18, Figs. 3, 4.)
Needless to say, the 1992 AJP article is little more than the simulated impulse response of an IF can - the kind of tuned lumped coupled circuit
Tesla was using before his splendid discovery of 1894 .

On the other hand, if you have been able to model your coil with a lumped-element inductance, L, with less than 5% error, then you've
been working with a lumped, tuned, coupled-circuit (like a radio receiver IF can) just as Tesla was doing prior to 1894, before he discovered
the true Tesla coil. [If you've got a huge capacitance on the top then the length of wire in the secondary may be less than A /(2n) and, as voiced
by Professor King, the current distribution could be uniform enough so that you can represent the transmission line as a lumped element. But,
as Tesla once told his attorney, ""A large capacity and a small self inductance is the poorest kind of circuit which can be constructed."]
The good news is: there's a whole new realm waiting for you to explore. "Oh brave new world that has such creatures in it!" (Tempest, V.1)

VIL Closing Thoughts. There is nothing sacred about using a sine wave generator (a finite power signal) to perform the above tests. The
more sophisticated experimenter might want to repeat Test II with a broadband white noise (stochastic) source coupled to the resonator with
an untuned link. Fundamental and overtone resonances can be observed with a calibrated receiver or a spectrum analyzer. Those with a
knowledge of modern optics will easily recognize even richer phenomena occurring. (It can be shown that the ultimate limit in voltage rise
on the coil is set by the degree of coherence of the up and back resonator waves.) While this may shatter the egos of some coilers, contrary to
popular myth, the key performance parameter for a high voltage Tesla coil is not the length of the discharge (which is a function of things
like input energy and primary spark duration) but, rather, the VSWR on the resonator coil - the higher the better! [It's related to the fringe
"Visibility Function" for quasimonochromatic, partially coherent optical beams. (Principles of Optics, by Born and Wolf, Sth ed., p. 506.)]

The tests above are experiments that EEs have commonly performed since the '30's in undergraduate courses associated with RF
electronics, and they are easily replicated with trifling effort. Concerning idealized circuit elements, Prof. Ron Scott has written that students
shouldn't be "disappointed to learn that circuit theory is not real engineering." (Linear Circuits, Addison-Wesley, 1960, p. 2.) Finally, we
point out that virtually a/l modern Tesla Coils are velocity inhibited, distributed-element, slow wave transmission line resonators. Those
asserting the contrary simply have not done their homework. Tesla said that he discovered this striking nature of coils in 1894, "That was the
first single step toward ... my magnifying transmitter." [Tesla on His Work with AC, edited by L. Anderson, Sun Publishing, 1992, p. 72.]

Perform steps 1-5 of Test II on your coil. And then do Test I, mapping the voltage distributions at the fundamental and overtones.
Now go back and reread Tesla's 1897 patent application comment, above. His remarks also apply in the case when "the impressed oscillations
are more rapid than the free oscillations" (Patent # 1,119,732), but that's about electric fire-balls and is enchantment for another time.

Jim Hardesty has made many of the Corum papers on Tesla coils available through the PV Scientific Instruments web page at <www.arcsandsparks.com>



The Tesla Longitudinal Wave

George W. Damm

George W. Damm suggests that

Nikola Tesla incorporated

acoustic resonant criteria in the
design and modulation of his
tower at Shoreham, Long Island.

At first, this seems a bit

farfetched, but a pause to check
the dimensions of the tower's

components and their acoustic
resonant frequencies reveals that
they are well-matched to the

earth’s electrical resonant

frequencies. Tesla's sensitivity to

hen reading this report,
ics of acoustic vibratio

do so with the phys-
ns in mind; that is,

ordinary sound waves in air. Sound waves
are longitudinal in nature and propagate in

the form of compressio

n and rarefaction in

a medium, at the speed of sound. The speed

of sound in standard air 1s 340 meters/sec (1115 feet/sec). Nikola
Tesla insisted his electrical transmissions were longitudinal in
nature, and thus similar to sound waves. Whereas sound waves

have compression (-) and rarefaction (+), electrical waves have

sound, vibration and light, and

his early work with compressed
air oscillator frequency control
may have been combined in his

last major project.

Leicester, North Carolina 28748 USA

Figure 1.

positive and negative charge polarity.

In order to show how Tesla may have incorporated actual acous-
tic vibration into the tower’s design, some descriptions and di-
mensions of the tower will be helpful.! These are shown in

By Tesla’s own testimony', the tower was 187 feet tall from the
ground to the top of the dome. The shaft into the ground was
10 x 12 feet square and 120 feet deep. The water table was
reached at a depth of 80 feet. Other sources? state that four
smaller diameter shafts were bored below water level at the base
of the main shaft, each with a length of 100 feet and perpen-

Fig. 1—Dimensions of Tesla's tower.

(Drawn to scale.)

T o=—32" dic. ball

VTR,
168 ft 187 ft
153 ft (approx.)
centrol pipe
exlending from
[ ;3 ] 20 ft to 300 ft
- - ground from base
B T 1A SN e 8y LGN S 5 of shoft
%" maximum test height ~ 2 ii#" sy W28 77
b at Colorado Springs .7 7% gg ft % Yo :1,}"-!'-_';'4
4 2t 7 RIS 12 ft x 10 ft
B bW S e N Ly shaft
(32 Tl water table AAAAAANA 120 4 deep
FHRTANA A L Asetpadiel|| R ees
2 W o ol S £ A P o' ¢ '/)'.,' 5

™ SRR § 52

(N || | ZZROVF P
AP e i

four tunne! extensions

23




dicular to each other. These provided an inti-
mate electrical contact to the earth.

The dome on top of the tower is given to have a
diameter of 68 feet. The dome framework was
constructed completely of steel. It sat on top of
the tower truss structure which was made en-
tirely of pine timbers and steel plates at the
joints. A segmented steel pipe telescoped to ex-
tend up to 300 feet from the base of the under-
ground shaft. There were about 16 telescoping
sections. The variable heights were used to de-
termine the nodal points for electrical vibrations.
Tesla said he could measure any distance on
carth with an accuracy of + four feet, including
the earth’s size.!

For the dimensions of the tower given in Figure
1, it is possible to calculate various fundamental
acoustic frequencies and their harmonics. Key
dimensions of the tower are shown in Table 1.

Dome diameter 68 ft 20.7 m
Tower height to dome top 187 ft 57.0m
Tower height to mid-dome 153 ft 46.6 m
Shaft depth 120 ft 36.6 m
Telescoping tube length up to 300 ft upto91.5m
Depth to water table 80 ft 244 m

Table 1 —Dimensions of Tesla's tower.

The acoustic resonant frequency and nodal
points for pipes differ somewhat depending on
whether the pipe is closed at both ends, has one
end open, or is open at both ends. The manner
in which this varies is shown in Figure 2.}

Given the various dimensions (L) of the tower
design and the velocity of sound (v = 340 m/sec
= 1115 ft/sec), it is possible to calculate various
acoustic fundamental and harmonic resonant fre-
quencies. Upon doing this, it is evident that the
air acoustic resonant frequencies of the tower fall
in the same range as the carth electrical reso-
nant frequencices. For example, the telescoping
tube length (L) can be calculated for a couple of
carth electrical resonant frequencies that have
been mentioned on occasion. One resonant fre-
quency mentioned is 7.5 Hz. The fundamental
frequency (f)) is given by:
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(b) For the tube with one end open, the fundamental
wavelength is four times the length of the tube; i.e.,
multiples of '/« wave are in the tube.

L o Lo e s =}
—

F 1/4 i
e e ———
2nd . :
] .
e
F + 1 + i
e e e e ]
3rd 1 [ '
' ' '
P T R ——
Lol ¥ P /2 + /2 G 1 | g
f =nv/A f,=v/2L
A, = 2L L, = v/2f,

(c) The tube open at both ends behaves the same as the
tube closed at both ends, except for a shift in the nodal
points as shown.

Fig. 2—Harmonics.
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f=v/A,. (1)
The fundamental wavelength (X)) is therefore
given by:

A=vif, (2)
If Tesla used a closed telescoping tube, in or-
der to adjust to the first fundamental wave-

length node, it would need to be extended to
a length (L):

L=v/2f, . 3)

L = v /2f = (340m/sec) / (2 X 7.5 cyc/sec)
= 22.7m = 74.3 ft.

This is the node-to-node half wavelength of the
fundamental frequency illustrated in Figure 2a.

If the telescoping tube were open at one end,
the first fundamental node-to-node length (L)
would be:

L=v/4f . (4)
L=340/(4x735)=11.3m = 37.2 ft.

The acoustic wavelength (A)) is 4L or 148.7 ft.
This is shown in Figure 2b.

Tesla mentions the period of 0.08484 seconds for
an clectric pulse to travel the earth’s diameter
and back. This is approximately an 11.79 Hz
pulse rate.

For the closed tube, the fundamental tube length
(L) for an 11.79 Hz pulse rate would be:

LL=340/(2x11.79) = 14.4m = 47.3 ft,
A = 2L = 94.6 ft.

For the telescopic tube open on one end, the
fundamental length (L) would be:

L=340/(4%x11.79) = 7.2m = 23.7 ft,
A =4L =94.6 ft.
The higher harmonics all require longer tube

lengths, which are readily allowed with the tele-
scoping tube’s ability to extend 300 feet.

Leicester, North Carolina 28748 USA

The similarity of the numerical values for acous-
tic and clectrical resonant frequencies provides
a basis for the argument that Tesla may have in-
corporated acoustic compression and rarefaction
techniques into the process of modulating the
clectrical waves propagated and received at the
dome.

I think that Tesla used the term ¢ phase not in
relation to time, but rather to polarity. The term
¢ phase may therefore be used in reference to
negative polarity (-) for compression and posi-
tive polarity (+) for rarefaction. Perhaps when
Tesla talked about frequency it was in relation
to impulses per second and not sine wave cycles.
This translates to (electrostatic and kinetic) pres-
sure for negative impulses on molecules for com-
pression, or a vacuum for positive impulses on
molecules for rarefaction.

I think what Tesla intended was conversion from
electrical to vibrational acoustic resonance and
resonators (as indicated in Figure 3). His coils
and towers were not only electrical, but also
acoustic and vibrational. In my opinion, he had
learned how to convert transverse waves to lon-
gitudinal waves and vice versa.

The hole in the ground was perhaps not only a
ground-plane, but an organ pipe tuned to a beat
frequency of 12 cycles per second. By changing
the beat frequency he was able to shift the ¢
phase between compression and rarefaction.

impact hammer driver

90°¢ phase shift

transverse wave
10% energy

Fig. 3 0’¢ phase shift

Longitudinal
and transverse
wave emission.

90% energy
longitudinal wave
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When he was in Colorado, I think Tesla was try-
ing to tunc in to the resonance of the carth’s
magnetic field, which is connected to a natural
static charge existing in the atmosphere. Perhaps
he acoustically modulated this earth capacitance
such that it would magnify all effects. There-
fore, his hole in the ground and telescoping pipe
at Shorecham were used as an acoustic resonator,
like an organ pipe.

When two charged bodies are separated, the
work of separating them increases the difference
in their potential. I believe that "Tesla used acous-
tic modulation to produce such voltage increases.
Such induction may represent a principle source
of charge scparation in clouds.

Figure 4 shows my idea of an acoustically modu-
lated clectrostatic charge.

©® O-
motor
drive
©
audio charged
amp aluminum
I speaker
plate on
audio styrofoam
signal base layer
generator
® ©
high voltage supply (DC)
to initially charge disk
Fig. 4—An acoustically modulated electrostatic
generator. By G. W. Damm, Oct. 1, 1994.
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Scalar waves

Advanced Concepts for Wireless Energy Transfer

by:
Prof. Dr.-Ing. Konstantin Meyl

Introduction

It will be shown that scalar waves, normally remaining unnoticed, are very
interesting in practical use for information and energy technology for reason of
their special attributes. The mathematical and physical derivations are supported by
practical experiments. The demonstration will show:

1. the wireless transmission of electrical energy,

the reaction of the receiver to the transmitter,

free energy with an over-unity-effect of about 3,

transmission of scalar waves with 1.5 times the speed of light,
the inefficiency of a Faraday cage to shield scalar waves.

SAEE

Tesla radiation

Here is shown extraordinary science, five experiments, which are incompatible
with textbook physics. Following my short lecture | will present you the
transmission of longitudinal electric waves.

It is a historical experiment, because already 100 years ago the famous
experimental physicist Nikola Tesla has measured the same wave properties, as me.
From him stems a patent concerning the wireless transmission of energy (1900)".
Since he also had to find out that at the receiver arrives very much more energy,
than the transmitter takes up, he spoke of a ,,Magnifying Transmitter*.

By the effect back on the transmitter Tesla sees, if he has found the resonance of
the earth and that lies according to his measurement at 12 Hz. Since the Schumann
resonance of a wave, which goes with the speed of light, however lies at 7.8 Hz,
Tesla comes to the conclusion, that his wave has 1.5 times the speed of light.

As founder of the diathermy Tesla already has pointed to the biological
effectiveness and to the possible use in medicine. The diathermy of today has
nothing to do with the Tesla radiation; it uses the wrong wave and as a consequence
hardly has a medical importance.

The discovery of the Tesla radiation is denied and isn’t mentioned in the textbooks
anymore. For that there are two reasons:



1. No high school ever has rebuilt a ,,Magnifying Transmitter”. The technology
simply was too costly and too expensive. In that way the results have not been
reproduced, as it is imperative for an acknowledgement. | have solved this problem
by the use of modern electronics, by replacing the spark gap generator with a
function generator and the operation with high-tension with 2-4 Volts low-tension.
| sell the experiment as a demonstration-set so that it is reproduced as often as
possible. It fits in a case and has been sold more than 200 times. Some universities
already could confirm the effects. The measured degrees of effectiveness lie
between 140 and 1000 percent.

2. The other reason, why this important discovery could fall into oblivion, is to be
seen in the missing of a suitable field description. The Maxwell equations in any
case only describe transverse waves, for which the field pointers oscillate
perpendicular to the direction of propagation, as | have just explained.

Vortex model

The Tesla experiment and my historical rebuild however show more. Such
longitudinal waves obviously exist even without plasma in the air and even in
vacuum. The question thus is asked, what the divergence E describes in this case?
How is the impulse passed on, so that a longitudinal standing wave can form? How
should a shock wave come about, if there are no particles which can push each
other?

| have solved this question, by extending Maxwell’s field theory for vortices of the
electric field. These so-called potential vortices are able to form structure and they
propagate in space for reason of their particle nature as a longitudinal shock wave.
The model concept bases on the ring vortex model of Hermann von Helmholtz,
which Lord Kelvin did make popular. In my books® the mathematical and physical
derivation is described.

In spite of the field theoretical set of difficulties every physicist at first will seek for
a conventional explanation. He will try two approaches:

Resonant circuit interpretation

Tesla had presented his experiment among others to Lord Kelvin and he already
100 years ago has spoken of a vortex transmission. In the opinion of Kelvin it
however by no means concerns a wave but radiation. He had recognized clearly,
that every radio technical interpretation had to fail, because alone the course of the
field lines is a completely different one.

It presents itself to assume a resonant circuit, consisting of a capacitor and an
inductance.
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Figure 1: Interpretation as an open resonant circuit




If both electrodes of the capacitor are pulled apart, then between both is stretching
an electric field. The field lines start at one sphere, the transmitter, and they bundle
up again at the receiver. In that way a higher degree of effectiveness and a very
tight coupling can be expected. In this manner without doubt some of the effects
can be explained, but not all.

The inductance is split up in two air transformers, which are wound completely
identical. If a fed in sinusoidal tension voltage is transformed up in the transmitter,
then it is again transformed down at the receiver. The output voltage should be
smaller or at maximum equal the input voltage— but it is substantially bigger!

There can be drawn and calculated an alternative wiring diagram, but in no case the
measurable result comes out, that light-emitting diodes at the receiver glow brightly
(U>2Volt), whereas at the same time the corresponding light-emitting diodes at the
transmitter go out (U<2Volt)! To check this both coils are exchanged.

The measured degree of effectiveness lies despite the exchange at more than 100
percent. If the law of conservation of energy should not be violated, then only one
interpretation is left: The open capacitor withdraws field energy from its
environment. Without consideration of this circumstance does the error deviation of
every conventional model calculation lie at more than 90 percent. There one rather
should do without the calculation.

It will concern oscillating fields, because the spherical electrodes are changing in
polarity with a frequency of approx. 7 MHz. They are operated in resonance. The
condition for resonance reads: identical frequency and opposite phase. The
transmitter obviously modulates the field in its environment, while the receiver
collects everything what fulfils the condition for resonance.

Also in the open question for the transmission velocity of the signal the resonant
circuit interpretation fails. But the HF-technician still has another explanation at the
tip of his tongue:

Near field interpretation

In the near field of an antenna effects are measured, which on the one hand go as
inexplicable, because they evade the normally used field theory, which on the other
hand come the by me shown scalar wave effects very close. Everyone knows a
practical application: e.g. at the entrance of department stores, where the customer
has to go through in between of scalar wave detectors.

New problems will occur to the HF-specialist, when in my experiment the distance
between the transmitter and the receiver is 10-times more than the near zone.



Students of the TU-Berlin have shown and proofed this. Tesla as well had
demonstrated a power transmission over 30 miles, whereas his near field was less
than half a mile. | have shown how vortices are forming and how they come off the
dipole, that the fields in the near zone of a Hertzian dipole are longitudinal scalar
wave fields. But the scalar waves of Tesla and of my experiment show even more.

The vortex decay however depends on the velocity of propagation. Calculated at
the speed of light the vortices already have decayed within half the wavelength.
The faster the velocity, the more stable they get, to remain stable above 1.6 times
the velocity. These very fast vortices contract in the dimensions. They now can
tunnel. Therefore speed faster than light occurs at the tunnel effect. Therefore no
Faraday cage is able to shield fast vortices.

Since these field vortices with particle nature following the high-frequency
oscillation permanently change their polarity from positive to negative and back,
they do not have a charge on the average over time. As a result they almost
unhindered penetrate solids. Particles with this property are called neutrinos in
physics. The field energy which is collected in my experiment, according to that
stems from the neutrino radiation which surrounds us. Because the source of this
radiation, all the same if the origin is artificial or natural, is far away of my
receiver, every attempt of a near field interpretation goes wrong.

Experiment

At the function generator | adjust frequency and amplitude of the sinusoidal signal,
with which the transmitter is operated. At the frequency regulator | turn so long, till
the light-emitting diodes at the receiver glow brightly, whereas those at the
transmitter go out. Now an energy transmission takes place.

If the amplitude is reduced so far, till it is guaranteed that no surplus energy is
radiated, then in addition a gain of energy takes place by energy amplification.

If | take down the receiver by pulling out the earthing, then the lighting up of the
LED’s signals the mentioned effect back on the transmitter. The transmitter thus
feels, if its signal is received.

The self-resonance of the Tesla coils, according to the frequency counter, lies at 7
MHz. Now the frequency is ran down and see there, at approx. 4.7 MHz the
receiver again glows, but less bright, easily shieldable and without discernible
effect back on the transmitter. Now we unambiguously are dealing with the
transmission of the Hertzian part and that goes with the speed of light. Since the
wavelength was not changed, does the proportion of the frequencies determine the
proportion of the velocities of propagation. The scalar wave according to that goes
with (7/4.7=) 1.5 times the speed of light!



If | put the transmitter into the aluminium case and close the door, then nothing
should arrive at the receiver. Expert laboratories for electromagnetic compatibility
in this case indeed cannot detect anything and that, although in spite of that the
receiver lamps glow! By turning of the receiver coil it can be verified that an
electric and not a magnetic coupling is present although the Faraday cage should
shield electric fields. The scalar wave obviously overcomes the cage with a speed
faster than light, by tunnelling!
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(TRANSLATION BY BEN JANSEN)

Abstract—It will be shown that scalar waves, which normally remain unno-
ticed, are very interesting in terms of their practical use for information and
energy technology because of their special attributes. The mathematical and
physical derivations are supported by practical experiments. The demonstra-
tion will show the following: (1) the wireless transmission of electrical ener-
gy, (2) the reaction of the receiver to the transmitter, (3) free energy with an
over-unity-effect of about 10, (4) transmission of scalar waves with 1.5 times
the speed of light, and (5) the inefficiency of using a Faraday cage to shield
scalar waves.

Tesla Radiation

Herein is described extraordinary science: five experiments, which are incom-
patible with textbook physics. Following my short lecture I will present you
with the transmission of longitudinal electric waves.

It is a historical experiment, because 100 years ago, the famous experimen-
tal physicist Nikola Tesla measured the same wave properties as I. From him
stems a patent concerning the wireless transmission of energy (Tesla, 1900).
Since he also had to find out that much more energy arrives at the receiver
than is taken up by the transmitter, he spoke of a “magnifying transmitter.”

Based on the effect back on the transmitter that Tesla sees, Tesla has found
the resonance of the earth and that lies, according to his measurement, at 12
Hz. Since the Schumann resonance of a wave, which goes with the speed of
light, lies at 7.8 Hz, however, Tesla comes to the conclusion that his wave has
1.5 times the speed of light (Tesla, 1905).

As founder of the diathermy, Tesla had already pointed to the biological ef-
fectiveness and to the possible use in medicine. The diathermy of today has
nothing to do with the Tesla radiation; it uses the wrong wave and as a conse-
quence, it hardly has medical importance.

The discovery of Tesla radiation is denied and isn’t mentioned in the text-
books anymore. For this there are two reasons: (1) No high school has ever re-
built a “magnifying transmitter.” The technology simply was too costly and
too expensive. For this reason, the results have not been reproduced, as is im-
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Fig. 1. The vectorial part of the wave equation (derived from the Maxwell equations).

perative to an acknowledgement of Tesla radiation. I have solved this problem
by the use of modern electronics by replacing the spark gap generator with a
function generator and the operation with high tension with 2 to 4 Volts low
tension. I sell the experiment as a demonstration-set so that it is reproduced as
often as possible. The experimental kit fits in a case and has been sold 50 times
in the last 4 weeks. Some universities can already confirm the effects. The
measured degrees of effectiveness lie between 500 and 1000%. (2) The other
reason why this important discovery could fall into oblivion is seen in the ab-
sence of a suitable field description. The Maxwell equations in any case only
describe transverse waves, for which the field pointers oscillate perpendicular
to the direction of propagation.

Wave Equation

By using the Laplace operator, the well-known wave equation, according to
the rules of vector analysis, can be taken apart in two parts: in the vectorial part
(rotrot E; Figure 1), which results from the Maxwell equations, and in a scalar
part (grad div E; Figure 2), according to which the divergence of a field point-
er is a scalar. We have to ask ourselves, “Which properties have this wave part,
which founds a scalar wave?”

If we derive the field vector from a scalar potential @, then this approach im-
mediately leads to an inhomogeneous wave equation, which is called plasma
wave. Solutions are known, like the electron plasma waves, which are longitu-
dinal oscillations of the electron density (Langmuir waves).
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Wave equation:
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Fig.2. The scalar part of the wave equation describes longitudinal electric waves (derivation of
plasma waves).

Vortex Model

The Tesla experiment and my historical rebuild, however, show more solu-
tions. Such longitudinal waves obviously exist even without plasma in the air
and even in vacuum. Thus, the question is asked, “What does the divergence E
describe in this case?” How is the impulse passed on, so that a longitudinal
standing wave can form? How should a shock wave come about, if there are no
particles which can push each other?

I have answered this question by extending Maxwell’s field theory for vor-
tices of the electric field. These so-called potential vortices are able to form
structures, and they propagate in space because of their particle nature as a
longitudinal shock wave. The model conceptis based on the ring vortex model
of Hermann von Helmholtz, which Lord Kelvin made popular. In my books
(Meyl, 1996, 1998, 1999, 2002), the mathematical and physical derivations
are described.

In spite of the field theoretical set of difficulties, every physicist will initial-
ly seek a conventional explanation. He will try the following two approaches.
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Fig. 3. Interpretation as an open resonant circuit.

Resonant Circuit Interpretation

Tesla had presented his experiment among to, among others, Lord Kelvin,
and 100 years ago, Tesla had spoken of a vortex transmission. In the opinion of
Kelvin, however, vortex transmission by no means concerns a wave but rather
radiation. Kelvin had recognized clearly that every radio-technical interpreta-
tion had to fail, because alone the course of the field lines is a completely dif-
ferent one.

It presents itself to assume a resonant circuit, consisting of a capacitor and
an inductance (Figure 3). If both electrodes of the capacitor are pulled apart,
then between both stretches an electric field. The field lines start at one sphere,
the transmitter, and they bundle up again at the receiver. In this manner, a high-
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er degree of effectiveness and a very tight coupling can be expected. In this
manner, without doubt some, but not all, of the effects can be explained.

The inductance is split up in two air transformers, which are wound in a
completely identical fashion. If a fed in sinusoidal tension voltage is trans-
formed up in the transmitter, then it is again transformed down at the receiver.
The output voltage should be smaller or, at most, equal to the input voltage—
butitis substantially bigger!

An alternative wiring diagram can be drawn and calculated, but in no case
does the measurable result that light-emitting diodes at the receiver glow
brightly (U > 2 Volts) occur, whereas at the same time, the corresponding light-
emitting diodes at the transmitter go out (U < 2 Volts)! To check this result,
both coils are exchanged.

The measured degree of effectiveness lies despite the exchange at 1000%. If
the law of conservation of energy is not to be violated, then only one interpre-
tation is left: The open capacitor withdraws field energy from its environment.
Without consideration of this circumstance, the error deviation of every con-
ventional model calculation lies at more than 90%. In this case, one should do
without the calculation.

The calculation will concern oscillating fields, because the spherical elec-
trodes are changing in polarity with a frequency of approximately 7 MHz.
They are operated in resonance. The condition for resonance reads as follows:
identical frequency and opposite phase. The transmitter obviously modulates
the field in its environment, while the receiver collects everything that fulfills
the condition for resonance.

Also, in the open questionregarding the transmission velocity of the signal,
the resonant circuit interpretation fails. But the HF-technician still has anoth-
er explanation on the tip of his tongue, as follows.

Near Field Interpretation

In the near field of an antenna, effects are measured, which on the one hand
are inexplicable, because they evade the normally used field theory, and which
on the other hand come, by the scalar wave effects I have shown, very close.
Everyone knows of a practical application (e.g., at the entrance of department
stores, where the customer has to go through in between scalar wave detec-
tors).

In my experiment, the transmitter is situated in the mysterious near zone.
Also, Tesla always worked in the near zone. But he who asks for the reasons
will discover that the near field effect is nothing but the scalar wave part of the
wave equation. My explanation is as follows: The charge carriers which oscil-
late with high frequency in an antenna rod form longitudinal standing waves.
As aresult, the fields in the near zone of a Hertzian dipole are also longitudinal
scalar wave fields. Figure 4 shows clearly how vortices are forming and how
they come off the dipole.

As is the case for the charge carriers in the antenna rod, the phase angle be-
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Fig. 4. The coming off of the electric field lines of the dipole.

tween current and tension voltage amounts to 90 degrees and occurs in the
near field; also, the electric and the magnetic field phase shifted 90 degrees. In
the far field, however, the phase angle is zero degrees. In my interpretation, the
vortices are breaking up, they decay, and transverse radio waves are formed.

Vortex Interpretation

The vortex decay, however, depends on the velocity of propagation. Calcu-
lated at the speed of light, the vortices have already decayed within half the
wavelength. The faster the velocity, the more stable they get, to remain stable
above 1.6 times the velocity. These very fast vortices contract in the dimen-
sions. They now can tunnel. Therefore, speed faster than light occurs at the
tunnel effect. Therefore, no Faraday cage is able to shield fast vortices.

Since these field vortices with particle nature following the high-frequency
oscillation permanently change their polarity from positive to negative and
back, they don’t have a charge, on the average, over time. As a result, they are
able to penetrate solids in an almost unhindered manner. Particles with this
property are called neutrinos in physics. The field energy which is collected in
my experiment, according to that property, stems from the neutrino radiation
which surrounds us. Because the source of this radiation, all the same if the
origin is artificial or natural, is far away from my receiver, every attempt at
near field interpretation goes wrong. After all, does the transmitter installed in
the near field zone supply less than 10% of the received power? However, the
90% which it concerns here cannot stem from the near field zone!

Experiment

At the function generator I adjust the frequency and amplitude of the sinu-
soidal signal, with which the transmitter is operated. At the frequency regula-
tor I turn significantly, until the light-emitting diodes at the receiver glow
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brightly, whereas those at the transmitter go out. At this point, an energy trans-
mission takes place.

If the amplitude is reduced so far that it is guaranteed that no surplus energy
is radiated, then a gain of energy also takes place by energy amplification. If I
take down the receiver by pulling out the earthing, then the lighting up of the
LED signals the mentioned effect back on the transmitter. The transmitter thus
feels as if its signal is received.

The self-resonance of the Tesla coils, according to the frequency counter,
lies at 7 MHz. Now the frequency is run down and there, at approximately 4.7
MHz, the receiver again glows, but less brightly, and is easily shieldable and
without discernible effect back on the transmitter. Now we unambiguously are
dealing with the transmission of the Hertzian part and that goes with the speed
of light. Since the wavelength was not changed, does the proportion of the fre-
quencies determine the proportion of the velocities of propagation? The scalar
wave, according to this theory, goes with (7/4.7 =) 1.5 times the speed of light!

If T put the transmitter into the aluminium case and close the door, then
nothing should arrive at the receiver. Expert laboratories for electromagnetic
compatibility in this case indeed cannot detect anything, and, in spite of this
fact, the receiver lamps glow! By turning the receiver coil it can be verified
that an electric and not a magnetic coupling is present, although the Faraday
cage should shield electric fields. The scalar wave obviously overcomes the
cage with a speed faster than light, by tunneling!

Note

"' This paper is based on a presentation made by the author at the Amsterdam
conference of the Society for Scientific Exploration, October 2000.
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Abstract —If an electric engineer® had studied classical
electrotechnics during three semesters and works in the field of
high-power electric networks, it is rather difficult for him to
accept, that an alternative electrotechnics exists, which is
characterized by the following features:A closed circuit
containing two conductors between the generator and the load is
not necessary to obtain an electric current flow.

The current can flow through a single-wire circuit, like the
water flows through a pipe from the upper basin to the lower
one, or like the heat flows from a hot end of a metal bar to its
cold end. (W. Thomson was first to point to the analogy between
thermal conduction and electrostatics, while J. Maxwell was first
to show the analogy between hydrodynamics and
electrodynamics).

In a coil containing a single-layer wire winding, the phase
velocity of the electromagnetic wave along the coil axes can be
hundreds times lower, than in an overhead transmission line (or
than the light speed in the free space).

The current varies along the line length, in different winds of
a coil, or in different sections of a single-conductor line, it can
have any local value, including zero. Furthermore, the current in
different segments of a single-wire circuit can flow in opposite
directions.
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I. INTRODUCTION

However, such exotic behavior of the current (from the
viewpoint of a classical electric engineer) does not seem
strange to a radio engineer, because a beam antenna and a
single-conductor waveguide are classical examples of single-
conductor lines for him [1-3]. Standing waves and traveling
waves of the current (and voltage) exist in such lines, and the
circuit is closed by displacement currents in the space
surrounding the single-conductor line. J. Maxwell wrote:
“Extraordinary difficulty of coordinating the
electromagnetism laws with the existence of unclosed electric
currents is one of the reasons (among many other), why we
must admit the existence of currents created by displacement
variation”. At a high frequency, the single-layer electric coil is
transformed from a classical induction coil (in different
application conditions) to a slow-wave structure or
electromagnetic-wave delay line, to a helical waveguide,
helical antenna or electric resonator with distributed
parameters, which can not be determined using the classical
electric circuit theory.

All the considered phenomena in a single-conductor line
and in a spiral coils exist also at frequencies of 1 to 100 kHz,
and they can be used for electric power transmission.
Furthermore, the specified frequency range is most suitable
for electric power transmission along a single-conductor
waveguide in connection with limitations imposed by the
radiation loss caused by the antenna effect. Unfortunately, the
radio engineers have little interest in this frequency range,
while the electric engineers are insufficiently prepared for
working at the interface of electrotechnics and radiotechnics.

The electric power transmission along a single-conductor
line at a higher frequency has been first proposed and realized
by N. Tesla more than 100 years ago [4]. N. Tesla considered
a resonant single-conductor system for electric power
transmission as an alternative to a dc power transmission
system proposed by T. Edison. The competition between dc
and ac power transmission systems continues at present,
however it takes place in the context of classical single-phase
(double-wire) and  three-phase  (triple-wire)  closed
transmission lines.

We have shown experimentally, that a single-conductor
line with a high-frequency resonant Tesla transformer at
the line end can transmit electric power at any frequency,
including zero frequency (i.e. using rectified current). The




single-conductor resonant systems (see Fig.1l, 2) offer
possibilities for designing super-long cable lines and replacing
(in future) the existing overhead lines with cable single-
conductor lines [5]. In this way one of major electrification
problems: increasing the reliability of electric power supply
will be solved.

The open-ended line shown in Fig. 1, whose length is
I=2n+1) M4, n=0,1,2,3, ..., has a current loop and a
voltage node at the generator terminals; in case of /=n A/2, it
is a voltage loop and a current node. In both cases the line is
equivalent to a resonant oscillatory circuit.

The standing waves in the open-ended single-conductor
line (see Fig. 3) arise as a result of superposing the incident
and the reflected waves having equal amplitudes. The voltage
and current phase values demonstrate no displacement along
the line, while the phase shift between the current and the
voltage is equal to 90°. The line cross-sections with voltage
loops contain current nodes, while voltage nodes correspond
to current loops. The mean power delivered by the generator
into the open-ended single-conductor lossless line (or into a
line, loaded with a capacitor) is equal to zero [2].

50 Hz 0,1-100 KkHz
e a1 ~ 50 Hz
1 ff F?f: : éf H
— =
1 2 4 5

Fig. 1. Resonant system for electric power transmission
high-frequency Tesla
high-voltage

I-converter; 2, 4 — resonant
transformers; 3 - single-conductor
connecting the transformers; 5 — inverter

line

Fig. 2. Single-conductor resonant power transmission system
1 — electric generator, 50 Hz (1 to 100 kHz); 2 - frequency
converter 50Hz / 1 to 100 kHz (absent, if the generator
frequency is 1 to 100 kHz); 3 — high-frequency step-up
transformer 0.4 kV / 10 to 500 kV; 4 — single-conductor line
10 to 500 kV; 5 — high-frequency step-down transformer 10 to
500 kV /0.4 kV; 6 — inverter 1 to 100 kHz / 50 Hz

If the line operates in the standing-wave regime, its input
impedance is reactive. If the line is lossy, a certain traveling
wave from the generator compensates for the loss. If traveling
and standing waves are present in the line, its input impedance
contains both reactive and active components.

The single-conductor resonant line, open at the load end
(or loaded with a capacitor) is shown in Fig. 4,a; the current
and voltage distribution for the open-ended line is plotted in
Fig. 4,b [2, 6].

n=0; f=5kHz; A=60km; /=A/4=15km

Fig. 3. Standing waves in an open-ended line at various time
points
a — voltage; b — current
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Fig.4. Circuit representation for a single-conductor resonant
line, open at the load end or loaded with a capacitor (a);
current and voltage distribution (b)

G — generator; C, — capacitance of the resonant circuit; D; and
D, —diode unit;
C - load capacitance; S — electronic switch; R — load
resistance
n=1; f=10 kHz; A =30km; /=2/2=15km

The current and voltage distribution in a single-conductor
line shorted to the ground at both ends is shown in Fig.5 [5].
The classical electric engineer (mentioned at the beginning of
this section) would say, looking at Fig.5,a,b, that it is a closed
double-conductor transmission line using the ground as the
second conductor, with the conductance current in the closed
circuit. The radio engineer would give a correct explanation: it
is a conventional waveguide characterized by 90° phase shift
between the current and the voltage, fastened to grounded
metal supports, which are connected to the line at the voltage



node points. The line grounding at the voltage node points
does not change the waveguide parameters and does not effect
the transmitted power value.

a0 L Y KR
i 2 =i
- i
A
|
U , .
b | W
A
LV
v
|
i} - -
i A |
4 2|
‘ 1
n=1, =10 kHz A=30 km, i:g=15m

Fig.5. Current and voltage distribution in a single-conductor
line shorted to the ground at both ends

a — circuit representation (G - high-frequency generator,

Ri-load resistance, C — capacitance of the resonant circuit);

b — current and voltage standing wave distribution along a
single-conductor line;

¢ — current and voltage distribution in a half-wave single-

conductor line

Fig.6. Direction of the Poynting vector .S along the single-
conductor line in the standing-wave regime I, H — waves of
the current and the magnetic field strength; 7, £ — waves of
the voltage and the electric field strength
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When the line operates in the standing-wave regime, the

direction of the Poynting vector S is inverted every quarter
of the time period: it is directed from the generator to the load
or back (see Fig.6). This phenomenon is explained in the
following way. The phase shift between the voltage and the
current in the line (and consequently between the values of the
electric and magnetic field strength) is equal to 90°; as a

result, the direction of one of the vectors: £ or H is
inverted every quarter of the period. This consideration
confirms, that the generator spends no energy to produce
standing waves in the line [2].

For the electric engineer, the stationary or standing waves
shown in Fig.6 illustrate a phenomenon, which has no real
physical basis, because the length of transmission lines does
not usually exceed 1000 km, while the current and voltage
wavelength at a frequency of 50 Hz equals to 6000 km. A
half-wave line (see Fig.5,c), 1000 km in length, can be
obtained at a frequency of 150 Hz, and in this case even a
conventional single-phase or three-phase line will transmit
considerably more power, than at a frequency of 50 Hz.
However conventional transmission lines reveal resonant
properties only in an emergency condition (for example, in
case of line break at the consumer). In order to understand
N. Tesla works and develop his ideas on resonant
electrotechnics, the classical course for electric engineers shall
be supplemented by a special course containing information
on high-frequency resonant lines, principles of single-
conductor and helical waveguides, methods for designing
electric circuits with distributed components, main scientific
and practical results in the field of resonant electric
technologies and prospects for their application.

Several application fields for resonant single-conductor
electric systems are considered below.

A 20-kW, 1-kHz resonant transmission line based on a
single-conductor cable, 1.2 km in length, has been
successfully developed and tested at the VIESH (Fig. 7) [6].

N —— - Wi =T )
Fig.7. 20 kW, 1 kHZ resonant electric power transmission

system

Application of various conducting mediums in the
resonant systems for transmitting electric power has been
illustrated using an electric boat model, which receives
electric power from a water basin with alive fish (Fig 8, 9).



Fig. 8. Electric power transmission using water as conducting
media

Fig. 9. Electric boat model receiving electric power trough the
water

A wind power station, a solar battery, etc can be used as a
source of electric power in a resonant electric system.

Another global application for resonant single-conductor
electric power transmission systems consists in the
opportunity of developing noncontact high-frequency electric
transport. The well-known noncontact method for transmitting
electric power to a vehicle through an air-core transformer
(using the electromagnetic induction method and conventional
single-phase power transmission lines) has basic limitations
on the transmitted power level, the transmission efficiency
and the line length; therefore, it is not used at present [7].

An experimental model of a small electric vehicle
developed at the VIESH receives electric power from an
isolated single-conductor cable line laid inside the roadway
covering (see Fig.10). The works on increasing the noncontact
drive power and developing a commercial project of a
resonant electric transport system are being carried out now. It
is possible to imagine in future a big green city, full of
flowers, without exhaust gases and smog. A cable
transmission line will be laid in this city under each driving
row along main roads, and each vehicle has an electric motor
and a noncontact trolley in addition to the combustion engine.
The traffic along big highways between cities can be
organized in the same way, including possible use of
automated vehicles controlled by robots and computers.
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Use of an electric noncontact drive in the agricultural
energetics opens the prospects for substantial fuel saving and
developing pilotless automatic robots controlled by computers
with satellite navigation, intended for tillage, cultivation and
harvesting agricultural products. In this case the agricultural
plants will turn to field factories organized according to the
principles of automated industrial enterprises. Thus, three
present-day electrification problems can be solved: energy
saving, reducing harmful gas ejection and automation of
agricultural production process.

Fig. 10. Contactless high frequency eIectFic vehicle

The third application field for resonant single-conductor
systems are plasma medical and technological facilities. They
differ from conventional plasmatrons in having not two, but a
single electrode, which is the beginning of a resonant single-
conductor line, while the capacitance of any body or treated
substance is used as a load. A new resonant coagulator
developed at the VIESH (see Fig.11) is used in medicine, in
veterinary technique and in cosmetology [6]. Technological
single-electrode plasmatrons can have pulsed power up to
10" W and continuous power up to 20 MW. They can be used
to eliminate weeds (instead of pesticides), to produce liquid
biofuel from organic raw material, to manufacture and purify
solar-grade silicon, to generate plasma in physical
experiments (for example, producing artificial ball lightning

8.

Fig.11. Resonant cold-plasma coagulator developed by Cand.
Sci. (Tech.) Veryutin V.1. (VIESH)



The fourth application field for resonant systems is
creating global and local information communicating systems
using single-conductor lines. Many works by N. Tesla are
devoted to this application. The first devices transmitting
information signals has been developed by N. Tesla in 1899,
they were patented in 1901. In 1943, the Supreme Court of the
USA has recognized N. Tesla priority disputed by R. Marconi
in long-distant transmission of electric signals.

Each single-conductor line has several resonant waves.
Therefore, the single-conductor line (as well as a fiber-optic
line) may be used to transmit simultaneous different
information to several users. A specialized line screening
technique allows to reduce the loss in signal amplitude and
quality, when it is transmitted over a long distance. N. Tesla
has proposed original methods for encoding the information
and protecting it against unauthorized access. The information
communicating systems and power transmission systems
based on modern technologies are now key factors for the
social development of the country and progress in the
agricultural production.

N. Tesla was an ingenious scientist, who had foreseen the
development of the electrotechnics and energetics for
hundreds of years. He has produced a voltage of 100 million
volts using simple facilities; he has transmitted electric power
over tens kilometers, using the ground as the conducting
medium; he has tested a boat controlled through the water
medium; he has invented the asynchronous electromotor, the
multiple-phase current and has made many other inventions.
N. Tesla was a brilliant designer of mechanical systems.
Magnificent drawings of different mechanisms designed by
N. Tesla are stored in Tesla museum in Belgrade. Some of his
non-electric inventions are of interest till now: a combustion
engine without a piston and a crankshaft, steam and hydraulic
turbines without blades, and a mechanical analog for the
electric diode (device allowing to a gas or fluid stream to flow
in one direction only). In this valveless device, the hydraulic
resistance values in the direct and reverse direction differ by
factor of 300. Now we can fully repeat and develop Tesla
resonant techniques in the field of electric power transmission
using single-conductor lines and conducting mediums.

There is little information on N. Tesla works in the field of
wireless power transmission methods. His last invention in
this field “Device for electric power transmission” has been
written in 1902, revised in 1907 and patented in 1914. At a
session of the American Institute of Electric Engineers on
May 18, 1917, N. Tesla received a reward named after
T. Edison. His speech at the session contained the following
statement:

“As to power transmission through the space, it is a
project, which | consider absolutely successful for a long time.
Years ago | could transmit power without wires to any
distance without limitation, which was imposed by the
physical dimensions of the Earth. In my system, the distance
value is of no importance. The transmission efficiency can
reach 96 or 97 percents, and there are practically no loss,
except for the component, which is inevitable for the device
operation. If there is no receiver, there is no power
consumption anywhere...
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When there is no receivers, the station consumes only a
few horsepowers, which is necessary to maintain the
electromagnetic oscillations; it is idling, like the Edison
station, when the lamps and the motors are switched off...”.

The high transmission efficiency may be easily explained,
considering the standing waves in the conducting channel (see
Fig.6).The journal “Time” wrote on July 23, 1934: “Last week
doctor Tesla announced a combination of four inventions,
which would make the war absurd. The essence of his idea is
connected with deadly rays: a concentrated beam of
submicron particles moving with a speed, close to the light
speed. According to Tesla, the beam, will defeat the army
during flight, causing airplane squadrons to fall down at a
distance of 250 miles (400 km). The inventor will launch the
rays by using the following: device for reducing the particle
delay in the atmosphere to zero;method for producing high
potential;procedure for amplifying this potential up to 50
million volts;producing tremendous acting electric force”.

II. CONCLUSION

N. Tesla died on January 7, 1943 in hotel “New Yorker”
in Manhattan, in the room 3327 on the 33-rd floor.
Immediately after his death, his scientific works disappeared
from the room; they were never found. A part of those
materials contained an information on the techniques, which
could be used for wireless power transmission. Methods for
generating and amplifying high potential have been fully
described by N. Tesla in [4]. Taking into account the present-
day level of the scientific knowledge and progress in
electrotechnics, N. Tesla works on resonant methods for
electric power transmission give new opportunities for the
development of electroenergetics, electric technologies,
electric transport and communications.
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(Extract from TCBA NEWS, volume 8, #3, 1989) TESLA'S PRODUCTION OF ELECTRIC
FIREBALLS by Kenneth L. Corum and James F. Corum Corum & Associates, Inc. 8551 State Troute
534 Windsor, Ohio 44099 "I have succeeded in determining the mode of their formation and producing

them artificially." Nikola Tesla [ELECTRICAL WORLD AND ENGINEER, March 5, 1904]

INTRODUCTION

Although there have been numerous articles, publications, and seminars on the phenomenon of ball
lightning and fireballs, only a very few have ever reported on the actual production of fireballs. Yet
even fewer of these handful have ever actually produced fireballs under conditions that, even remotely,
could be considered similar to nature. As with General Relativity, the number of theoretical
publications exceeds the number of experimental papers by several orders of magnitude.

Our laboratory in Ohio (which is noted for slow wave helical antenna research) has developed
equipment that will produce electric fireballs that will last after the external power is removed. We have
been able to produce electric fireballs that will fit the conditions and circumstances that are frequently
seen in nature (i.e., fireballs passing though windows, inside airplanes, traveling along fences, etc.).

Last summer, during the 3rd International Tesla Symposium at Colorado Springs, while walking around
Tesla's Laboratory site and Prospect Lake in nearby Memorial Park, Leland Anderson made the
comment, "I don't understand why we don't all see fireballs. The way Tesla described them, they just
seemed to bubble from his machine.” (See Photograph 4). We had been discussing the "missing"
chapter 34 that Harry Goldman had just published in TCBA NEWS (Volume 7, #3, 1988 pp. 13-15). Its
import may be gotten form this brief quote attributed to Tesla:

"...it became apparent that the fireballs resulted form the interaction of two frequencies, a
stray
higher frequency wave imposed on the lower frequency oscillations of the main circuit....

This condition acts as a trigger which may cause the total energy of the powerful longer
wave

to be discharged in a infinitesimally small interval of time and the proportionately
tremendously

great rate of energy movement which cannot confine itself to the metal circuit and is

released

into surrounding space with inconceivable violence.

It is but a step, from the learning how a high frequency current can explosively discharge a
lower

frequency current, to using the principle to design a system in which these explosions can
be

produced by intent." -N. Tesla

It was a puzzle to us. While flying back to Cleveland, we continued to compare Chapter 34 with the
photographs in Tesla's published notes. And then it struck us. We just weren't using the circuit
configuration which Tesla shows to us. When we got back, we arranged our apparatus as shown in
Figure 1.

http://home.dmv.com/~tbastian/ball.htm 5/18/2009
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APPARATUS

Following Tesla's instructions, we rewired our apparatus as two synchronously pulsed high power RF
oscillators, the first at a frequency of 67 KHz and the second at 156 KHz (The exact frequencies aren't
critical). The basis for the apparatus was first conceived and patented in 1897 by Nikola Tesla. The
idea of using two oscillators in synchronism was also used by Tesla at the turn of the century in a
patented primitive spread spectrum communication system. The apparatus can be seen in dozens of
photographs and circuit diagrams in Tesla's Colorado Springs Notes (referred to as CSN below).

There have been many descriptions and analyses of Tesla's oscillators. The classic being the Oberbeck
in 1895. However, all of these scientific and engineering descriptions fall short of a true description. It
wasn't until we applied slow wave transmission line theory and partial coherence to Tesla's oscillator
that we were able to accurately predict the operation of the oscillator and the subsequent production of
fireballs.

The apparatus consists primarily of two one-quarter wavelength, slow wave helical resonators above a
conducting ground plane. Both of the resonators were magnetically coupled by a common link to a
spark gap oscillator, of high peak power (approximately 70 KW), operating at a frequency of 67 KHz.
The actual average power being delivered to the high voltage electrode was on the order of 3.2 KW (2.4
megavolts RF). Tesla, of course, was running about 100 items the power which we could produce with
our rather modest equipment.

http://home.dmv.com/~tbastian/ball.htm 5/18/2009
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OPERATION

The spark gap oscillator was set to 800 pulses per second and the duration was 100 microseconds. The
low frequency coil had a coherence time of 72 microseconds. This means that the induced incoherent
oscillations on the resonator took 72 microseconds to build up a standing wave (or interference pattern),
and show up as a high voltage on the top end of the resonator: Vmax = S V min (where S is the VSWR)
[The theory is developed in great detail in References 5,6,7. Reference 8 even provides a computer
assisted tutorial.] The high frequency coil had a coherence time of 30 microseconds.

#1. Using the high frequency coil to arc to the low frequency coil, the low frequency coil would then
release its energy rapidly, in a burst. The burst of energy released manifests itself in the shape of a ball
or "bubble."” Due to the faster voltage rise on the high frequency coil and the subsequent short duration
arc to the low frequency coil, the low frequency now sees a a low impedance where it would normally
see a high impedance. the energy trapped in the coil when the oscillator was on must now be dissipated
very quickly at this lower impedance point, hence the burst. (See CSN page 114, bottom paragraph.
Tesla's use of lumped circuit Q is somewhat misleading, but his physics is substantially correct. Circuit
4 on page 115 and the one on the top of page 174 are virtually the same as Figure 1.)

#2. A second method of fireball production includes the use of microscopic vaporized metal or carbon
particles. We used the low frequency coil alone and deposited a thin film of carbon particles on the high
voltage electrode. When the voltage began to rise on the end of the resonator, streamers began to form
on the electrode. The current passing through the carbon film tended to rapidly heat the carbon

particles. This dissipation of power also tends to quickly reduce the impedance and subsequently release
all the power rapidly into this heated micron size "resistor."” The same results may be gotten by using
"the tip of rubber covered cable or sire #10" to "facilitate the pumping of the spark.” (CSN page 173-
174) Old fashioned rubber is loaded with soot.

Experimentally, we have determined the ideal set of conditions for producing electric fireballs. They
are:

1. Generate a lot of carbon or vaporized metal particles in a small region of space.
2. Create large electric fields in the same vicinity (on the order of 1 to 2 MV/m).
3. Rapidly elevate the temperature of the particles.

Video tape easily documents the results of meeting these three conditions. From this, fireball lifetimes
are deduced to be 1 to 2 seconds and dimensions are 1 to 3 centimeters in diameter. Also, these are in
agreement with Tesla's observations and conclusions. For example, in one place he attributes fireballs to
the presence of resistively heated material in the air. (CSN page 333)

This mechanism is consistent with Zaitsev's relatively recent theory in which the resistive heating of
particles creates a glowing region or fire ball: "the current of the preleader stages of the discharge from
the seed [cloud of fine particles (metal, soot, or ash)] flowing through the structure drives it to thermal
explosion.” (ref. 1) The fire balls disappear either when the particles burn up or when a thermal
explosion occurs. we have observed both.

RESULTS
Using these methods for producing the fireballs, we then set about creating conditions as described by

observers of ball lightning. By having the streamers, produced by the two resonators operating together,
strike a windowpane surrounded by a wooden frame, we produced conditions normally found in nature.

http://home.dmv.com/~tbastian/ball.htm 5/18/2009
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(see refs 2 &3) What was observed by the operator of our apparatus was astounding! "the streamers
went from the high voltage terminal and struck the windowpane. There were many fire balls present
between the electrode and the window. But where the streamers hit the glass, there were many fireballs
emanating from the opposite side of the glass. The fireballs would then travel slowly horizontally 12
inches or so and flare up. Some would travel out a bit farther and explode.” What was captured on
video tape can be seen in the sequence of photos 1, 2, and 3. These results are reproducible on demand.
Try it!

Powell and Finkelstein have described a mechanism for how fire balls may appear to pass through a
glass window intact.

"initially electric lines of force pass freely through glass. Positive ions from
the ball follow force lines and pile up on one side of the glass while electrons
from the room accumulate on the other. When the ball approaches, the glass
is heated or broken down enough to become slightly conducting. It then
becomes an electrode, and a ball is formed inside the room; the ball then floats
away from the window." (Ref. 3)

The actual physics may be somewhat different, but the sequence of photographs 1, 2, and 3 support the
general idea.

The relative ease of electric fireball generation by high voltage discharges in the presence of carbon
films, smoke, ash, and dust is consistent with its frequent natural observation in and around chimneys,
where carbon is deposited in great profusion.

[Readers familiar with Michael Faraday's famous Christmas Lecture, "The Chemical history of a
Candle™ ("There is not a law under which any part of this universe is governed which does not come into
play."), will recall his glowing remarks about the presence of smoke and solid carbon particles in a
brilliant candle flame - they give us glorious colors and beautiful light. Imagine what would have
resulted if Faraday and Tesla had met! If you can't get the 1 or 2 MV that Zaitsev requires as necessary
and which we observed under condition 2 above, you can place a wire wrapped plumber's candle on the
side of your small Tesla coil and get an idea of what can be seen on a larger machine. Again, video
taping the experiment, adjusting the power levels and reviewing the tape, frame by frame, will be quite a
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revealing experience. Faraday noted that if you put a strainer or a glass tube down in a candle flame,
you will see an incredible amount of soot particles bubbling up. This is what gives candle flame is color
and luminosity.]

we were able to produce other interesting features. Often we had pulsating fireballs. These would
appear and then shrink. When they were hit by streamers, they would grow in size then shrink again.
This would occur a number of times and then they would fade away. Another feature was that some had
the appearance of a doughnut; bright circles with darkened centers. Others appeared to the observer as
white, red, green, yellow, blue-white, and purple. See photo 4. Many other color photographs and a
historical discussion are given in Reference 9.

CONCLUSION

We believe the phenomenon that manifests itself when the coherence time is cut short could indeed be
the same phenomenon that occurs in nature. Instead of having a short helical resonator being the
transmission line, the natural lightning stroke could be a full quarter-wave transmission line with its own
coherence time shortened by small streamers at one end of the lightning stroke. According to lightning
specialists, most of these small streamers occur at the top end of the lightning stroke. This would
account for the infrequency of ball lightning on the ground side of the stroke. Dust, soot, ashes, and
other pollutants in the air near lightning strikes would, or course, produce similar results.

Our conclusion is that these fireballs are primarily RF in origin, and not nuclear phenomena. Consistent
with Tesla's observations, they can be produced either by high current dump into hot air [l am satisfied
that the phenomenon of the fireball is produced by the sudden heating, to a high incandescence of a
mass of air or other gas as the case may be, by the passage of a powerful discharge." CSN page 368] or
by the presence of resistively heated material particles ["] attribute them (fire balls) to the presence of
material in the air at that particular spot which is of such nature, that when heated, it increases the
luminosity." CSN page 333] The latter would account for the "engine room fire balls' produced by high
current switches and relays. Finkelstein and Rubenstein once made a remarkable statement: "If this
model is appropriate, then ball lightning has no relevance to controlled-fusion plasma research.” (Ref.
4) If should now be apparent that this position can be experimentally supported.

In our literature research on the topic over the past 26 years, we have read through hundreds of technical
articles, papers, reports, and books. It would be impossible to cite and discuss all of them in this
communication. But we believe that Tesla's is the only apparatus that has been developed that can
address and reproduce on demand the many descriptions of ball lightning in nature. Now a host of
experimenters may carry out fire ball generation and experimentation under their own controlled
conditions. Best of all, the required apparatus is not only inexpensive, it is readily available in
thousands of homes and existing laboratories around the world.

What would have transpired if Faraday and Tesla had met? Why, high power RF oscillators and candle
chemistry would have combined to reign brilliant electric fireballs - of course!
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TESLA'S COLORADO SPRINGS LIGHTNING OBSERVATIONS
by Gary Peterson

As seen from a present day perspective, the time which Nikola Tesla invested into his 1899
Colorado "expedition" appears to have been some of his most productive. This might be
because he had considered the previous ten years of research as practice for the work that was
being conducted at the now well-known Experimental Station. Or perhaps it is from the many
recorded observations dating from this period and the group of important patents would appear
over the next few years. In fact, work on the applications for these fundamental radio patents
began while Tesla was still in Colorado. One major account that is related in the Colorado
Springs Notes and in an article titled "The Transmission of Electrical Energy Without Wires," has
to do with an unusual natural radio phenomenon that Tesla observed during and after an
intense thunder storm which passed close by his Colorado lab.

The receiver that he used appears to have built around an oscillatory transformer similar to the
type employed for high frequency lighting. (See Nikola Tesla: Lecture Before the New York
Academy of Sciences — April 6, 1897 for details about these devices.) Located on the primary
side of the transformer were a sensitive device known as a rotating coherer and a mica
condenser both connected to an elevated terminal and to ground. The primary side of the
circuit also included a battery for placing a small dc voltage across the coherer and a
mechanical switch known as a "break." During normal operation the make-and-break device
would open and close about 72 times per second. In the secondary side of the circuit was
another coherer and battery plus a delicate relay which responded by closing every time a
lightning discharge occurred in the general vicinity. This type of receiver was extremely
sensitive, being capable of recording effects as distant as an estimated 500 miles.

On July 4 Tesla writes that his observations began as the storm was approaching and still at a
distance of 80 to 100 miles. The relay on the elegantly simple receiver must have begun to
chatter practically as soon as all the connections were made. As the storm came closer, the
relay continued to respond even as it was adjusted to its least sensitive setting. As the storm
continued on past the lab is when, in Tesla's word's, "the most interesting and valuable
observation was made." The relay was once again adjusted to be more sensitive and it
continued to respond for a while and then stopped. After an unspecified time had passed the
relay again responded for a while and then once again ceased to play. As recorded by Tesla
this on-again off-again action continued to repeat itself with a period of about 30 minutes, at the
very least six or seven times, on into the evening. He writes, "most of the horizon was clear by
that time."

A number of people have speculated as to what, exactly, Tesla had seen that summer long
ago. One proposal, put forth in the Proceedings of the Tesla Centennial Symposium, is that
mechanical vibrations were being detected which were the result of terrestrial piezoelectric
interactions associated with the lightning strikes. Another theory has it that the varying ground
currents were the result of stationary waves created by reflections off the Pikes Peak mountain
range. Tesla himself considered two other possibilities for the creation of what he believed
were stationary waves anchored to their moving point of origin. The first and, at the time, to him
least probable, was that they were the result of reflections from the point of the earth's surface
diametrically opposite to the storm. More likely, in his mind, was that they resulted from
reflections which took place within the storm itself, at a point very close to the origin of the initial
wave packets.

In 1994 a new premise was set forth by Kenneth and James Corum in a paper presented at the
biennial Tesla Symposium in Colorado Springs. The proposed model is an adaptation of
waveguide theory and draws upon a method of treating radiation sources in a waveguide that
calls for the existence of "images" which mirror an assumed dipole source. These images in
combination with the source itself can be said to form what appears to be broadside array of
radiating elements. Furthermore, the radiation from these sources, being coherent, can
interfere and cast side lobes that appear as maxima and nulls along the waveguide walls.



It is proposed that rather than registering the existence of stationary waves, Tesla might have
been seeing a wave interference phenomenon similar to that described above. The nodes and
antinodes which passed by his point of observation might have been due to the superposition of
partially coherent lightning induced VLF waves radiating from the primary source and an
adjacent image and propagating down along the earth-ionosphere waveguide. This model
bears more than passing resemblance to Tesla's preferred scenario that did not call for the
reflection of waves from the antipodes. At the same time it is important to note that in the
specifications for his Patent No. 787,412, Art of Transmitting Electrical Energy Through Natural
Media Tesla stated that the lightning produced waves provided "unmistakable evidence that the
disturbances created had been conducted from their origin to the most remote portions of the
globe and had been thence reflected..." In the ten short months between July 4, 1899 and the
May 16, 1900 application date what had caused this tremendous shift of opinion to where he
now believed and practically recorded as fact what before had been assigned the lesser
probability? Tesla himself gave us the answer in 1929 when he wrote:

"The chief discovery which satisfied me thoroughly as to the practicability of my plan was made
in 1899 in Colorado Springs, where | carried on tests with a generator of 1500 KW capacity and
ascertained that under certain conditions the current was capable of passing across the entire
globe and returning from the antipodes to its origin undiminished in strength. It was a result so
unbelievable that the revelation at first almost stunned me."

The Corums' 1994 analysis provides us with a highly plausible physical model to explain Tesla's
lightning related observations during the stormy summer of 1899. It is also quite apparent that
that year's ground breaking experiments with a specially designed high power electrical
oscillator thoroughly convinced Tesla that he was seeing indications of electrical earth
resonance. This raises the question: while in he was in Colorado Springs did Tesla ever
observe any indications of interference between the outgoing waves that were induced by his
experimental VLF transmitter and incoming waves reflected from the antipode?

The rotating coherer and associated circuitry

Tesla's VLF receiver must have been very similar to the circuit illustrated here. Each of the two
coherers ¢ and c' were constructed from a short section of 3/8 inch I.D. glass tubing capped with
two brass plugs. The intervening space was partially filled with course nickel chips. The two
adjacent batteries B and B' were adjusted with resistors r and r' to strain the devices to a point
where they were just about to break down and become conducting. An incoming signal would
drive the potential across the device beyond its threshold causing a much stronger battery
current to flow. A clockwork drive mechanism was used to continuously rotate the small glass
cylinders thus decohering the chips after each received impulse. It is now believed that
coherers are uniquely suited to detect the particular type of natural radio phenomenon that
Tesla observed in 1899.
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On this slide we now show a simple way to make a scalar, zero-vector wave --
the kind of wave originally discovered by Nikola Tesla.

It's simple. We just believe that a sum-zero vector substructure makes a scalar
quantity, and we MAKE some scalars that way.

We also understand that a zero-gradient of a scalar is a zero vector, so that the
scalar itself may be taken to be a zero vector.

The simplest explanation of this wave is as follows:

First, in physics we have two competing, mutually exclusive theories as to the
nature of electromagnetic energy: the wave theory and the particle theory. Physicists
argued for decades over these theories, for some experiments support one and some
support the other. They never solved the problem; they just agreed to quit arguing.
They formulated the "duality™ principle to allow the saving of face to both sides.

Briefly, the duality principle implies that, whatever the nature of electromagnetic
energy is before an interaction, in the interaction you can get it to act as a wave or as a
particle. In other words, AS IT EXISTS, BEFORE THE INTERACTION, it is
implicitly both particle and wave, joined together in some fashion, without being
explicitly either one.

With the fourth law of logic, this becomes perfectly clear. With three-law
Aristotlean logic, the problem is unresolvable.

Let us use this idea of "explicit duality without implicit duality” to analyze the
wave shown on the slide.

First, from a wave aspect, the E-fields and the B-fields of the two waves do
superpose and vectorially add. Since the waves are 180 degrees out of phase, the
exterior resultant wave has a zero electric field and a zero magnetic field. Therefore it
is a ""zero-vector" wave, or "scalar” wave. It's a wave of pure stress in spacetime.

However, this scalar wave has a precisely determined substructure, consisting_of



two ordinary sine waves, each of which comprises an ordinary E-H vector EM wave.

Now we apply the photon consideration (remember, before we interact with the
wave, it must implicitly possess BOTH wave and particle natures combined, and we
have so far only examined the implication of the wave nature.

The theory of photons' states that they are monocular critters. Photons pass right
through other photons without interaction, in a linear situation. Therefore they can
coexist without interaction, which is what we show here.

One photon, by the way, is one wavelength .

The photon theory requires that both substructure waves continue to exist as
independent photons. Therefore we are assured that our substructure is intact.

However, notice that the totality of the two waves stresses spacetime. In other
words, we have twice the stress on spacetime now as we would have from either wave
separately.

This wave is therefore just a pure stress wave in spacetime itself.

This thing oscillates time, oscillates the relativity of the situation, and can affect
energy, time flow rate, inertia, gravity, etc. aspects of an absorbing system.

Note that we have a rhythmic oscillation in phi (&), and we have a longitudinal
stress wave, very similar to a sound wave. The MEDIUM for this wave is the virtual
particle flux that identically comprises vacuum spacetime itself.
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On this slide we show how to regard the magnitude of the stress, by using one
wave envelope as "virtual ground.” In the top diagram, the original E-field stress of
each wave has a magnitude of 5, and the composite stress wave now has a magnitude of
10, in whatever units we choose to express them.

We show in the bottom diagram that during one half cycle we have compressive
stress in the virtual particle vacuum flux, and during the second half cycle we have
tensile stress.

This shows the wave is like a sound wave in the gaseous molecules of the air.

However, this wave has one difference. It also oscillates time, and thus has at
least one additional degree of freedom, compared to ordinary EM waves.

In fact, this wave can be made n-dimensional and hyperspatial.

As a first order approximation, we can treat such a wave in
a spatial fashion, if the wave is not too great in magnitude and the relativistic
oscillation of time and inertia is not too large.



N.Tesla's Unique Experiments in Colorado

Academician Gennady F. Ignatyev
Kurchatov Str., 9 b, aprt. 70, Krasnoyarsk, 660041, Russia
tel: 7-3912-452476; 7-3912-494803

N.Tesla's experiments in Colorado ( those he made in 1880-1889) are not deliberate to
all over the end and it is not repeated up to present time. Some people consider these
experiments as something that is not quite correct, and other think that the experiments
are wonder and only Tesla himself can made it [1].

It is necessary to pay attention to some peculiarities of experiments in Colorado. These
experiments produced round scientific technical branch that is the high frequency



electrophysics and they are interesting as a basis for designing and using for high-
frequency high-voltage exciters (HHE). Check up some principal qualities of his
experiments:

operational frequency - 160 kHz
generative power - 250 kW
operational voltage - 10 x 106 V
fixed voltage - 100 x 106 V

Now after 100 years these figures get in surprise. But if we make analyze for the facts
more deeply, we'll see that there are no any wonders here and N.Tesla was real
designer-scientist who could use all achievements of science and techniques for his
time. Just a combination of these quantities: a genius designer and a brilliant scientist -
allowed him to reach these outstanding results.

Tesla's tank in a sparking generator electric circuit was about 3 m diameter and 5 m
high (D=3 m; h=5 m). Then the first stage had factor of merit (Q) more that 103. A low
frequency transformator (60 Hz) with voltage about 3 kV was a feed source for arc
discharges. Tesla used combined circuit and by means of second step resonance he
increased voltage up to 10 x 10 6 V. He used a ferrous mast as a capacitor of the second
step circuit that allow to provide surely such sort operational voltage. The mast was 60
m high (h=60 m) and it was loaded on a cooper sphere of 1 m diameter (D=1 m).

Telsa explained the second resonance with an assistance of stationary waves, which the
transmitter exited. He considered that stationary waves go round the Earth and come
back to the point of radiation so voltage of antenna is increasing; such explanation is
doubtful because waves propagate for a long distance and that why they can't comeback
without damp.

It can be proposed another explanation of the second resonance. Suppose the second
resonance is provided of the sphere electro-resilient properties. The sphere can resound
and parametrically pump up the power. Consider feature of on adjustment (agreement)
of the electro-resilient parametrical resonance. When a sphere has a high voltage, some
force F=1/8 acts on its sides. This force strives to increase the diameter of the sphere.
The electroresilient properties of a hollow cooper sphere provide the parametrical
resonance with double-frequency [2].

N.Tesla fixed the second resonance in a few minutes. It means that the parametrical
resonance has high factor of merit (Q 106 ). Only crystals (quartz) have such resonance.
The main difficulty to reach this resonance is the adjustment (agreement), because these
properties can be displayed when an oscillation energy comes through a high-reactive
resistor. The ferrous mast was this adjustment (agreement) element. It had the magnetic
permeability and considerable inductive resistance that made it in some original
throttle. When its magnetic permeability m is about 104, its inductance L is about 1 Hn.

N.Tesla created an artificial lightning when he made his experiments. Its rumbles were
heard at a distance of 16 miles.

The author of this paper created a high-frequency arc in his laboratory (1986 ) and this
arc branched and closed on to environment (Fig.1a,b,c,d). On the Fig.2 the single



discharge is shown between a couple of capacitors: one of them is a sphere and other is
a toroid.

Solution for a problem for high-voltage potential creation allow to produce the wireless
energy transmission for a long distance. N.Tesla designed and began to construct a HHE
of electric field (Fig.3) but unfortunately this idea was not realized to all over the end. In
1992 the author of this paper tried to carry out this idea also (Fig.4) but it was wrecked,
because the woods are surrounding the exiter absorbed its radiation. Results were
unstable, because electric conditions of trees depends on a season (winter-summer) and
on a weather (dry - wet). In some cases trees spontaneously flared up. But idea of
wireless energy transmission has the practical sense in the individual cases.



On the basis of this idea it was made an experiment for determination of a signal
transmission velocity by the vector of the electric density (D). The experiment consist in
the following. HHE that includes step up transformer by patent N 2033651 creates quasi
static electric field that has intensity about 0.4 x 106 V. The signal was received at two
points: A=50 m and B=400 m on the frequency 135 kHz. Supporting signal was
transmitted by glass fiber (fiberoptic line), and a phase shift was measured to determine
the signal transmission velocity. In both cases the length of the glass fiber remained a
constant. Then fixed velocity was more than velocity of light on 16%.

Sure, it's necessary to develop and to repeat this experiment because “purely” electric
component and electromagnetic component that is determined by vertical current in
HHE are transmitted simultaneously.

There is a new theory for matter of free space, it is theory which the N.Tesla's
experiments bring for us. This theory was proposed by authors L. Gutenmacher,
P.Krasnooshkin and V. Kessenikh [3]. By this theory the electric (e ) and magnetic (m)
permeabilities change on corresponding specific capacity (Cs) and the specific
inductivity (Ls). Then an equation for the velocity of light is



Such sort interpretation can explain many physical phenomenons of macrocosm and in
particular it can explain the change of light velocity. For example, the velocity of light
changes near the Earth surface because specific capacity C near the surface is increasing
and then the velocity of light is decreasing.
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®U3NYECKH BAKYYM, TOPCUOHHBIE
HOJISA, KBAHTOBAS MEXAHUKA
U OKCIIEPUMEHTDBI H. TECJIA

I''A.llIunos

BBenenue

ITourn 100 ner Hazax H.Tecna mpoaeMOHCTpHUpOBall MUPY U 3allaTEHTOBAJI CBOU
OecrperieICHTHBIE SKCIIEPUMEHTHI IO OECIIPOBOIHOW W OJHONPOBOJHOW Tepemade
anektposHeprun [8,10]. OxgHako o cux nop oduMagbHas TeopeTruyeckas pu3mnka,
BKJIIOYAsl CTaHJAPTHYIO MOJENb U TEOPUIO CYNEPCTPYH, HE B COCTOSHUU OOBSICHUTH
HaOmofaeMple (aHOMalbHBIE C TOYKM 3pEHMs D3JIEKTPOJMHAMMKM MakcBesia-
Jlopenna) »3neKTpoaUHAMHYECKHE MPOLECChl, O(UINAIbHO 3aperUCTPUPOBAHHBIE B
MHorouyucineHHbix nateHrax H. Tecma. ITostoMy «cepbe3Hble TEOPETHKH» MO0
HUYErO HE 3HAIOT 00 3THX JKCIEPHUMEHTaX, MO0 CO3HATEIHHO YMATYMBAIOT 00 WX
CYLIECTBOBaHMH, IIOCKOJIbKY HE B COCTOSSHUM OOBSICHUTH HX.

Eme onHOI 3arajkoii, He pemeHHON OpUIMATBHON HAYKOH 710 CUX TIOP, SIBIISETCS
KBaHTOBasi MEXaHMKa C €€ MHOIOYHMCICHHBIMM IapaJoKCaMH U IPOTUBOPEUHUSIMHU.
Opno Ttonbko 3amedanue I1.Jlupaka o TOM, 4TO OCHOBHBIE ypaBHEHHS KBAHTOBOMU
JIEKTPOAMHAMUKU (ypaBHeHMs Jlupaka) HEBEpHbl M TpeOYIOT NPUHIMIIHUAIBHOTO
U3MEHEHHUS, TOBOPUT O TIJyOOKOM Kpu3HCE B NOHMMAHHUU M3y4yaeMOW HaMH
peasibHOCTH.  CTaHpapTHas MOJEIb M TEOpUs CYNEPCTPYH HE KacarTCsl OCHOB
COBPEMEHHOW (HU3UKH, a, HAOOOPOT, HCHONB3YIOT CTapble MPEACTABICHHUS O
KBaHTOBOH TeopuH, pa3BuThie B 30-50 rogax npoiuioro CToJIeTusl.

B Hactosmieir pabote moka3aHo, 4TO TEOpUsl (U3NIECKOTO BaKyyMa, OCHOBHBIC
MPUHIIMIIBI U ypaBHEHUs KOTOpoW ObutM co3maHbl  aBTopoM B 1988 r. [3], maer
MIPUHIIMIIMATIFHO HOBOE OINKMCAaHHUE KBAaHTOBOW Teopuu. BosHOBast QyHKIMS B HOBOM
KBaHTOBOM TEOpUH CBsA3aHA C TOPCHUOHHBIM II0JIEM, MHTEPIPETUPYEMBIM Kak I10JI€
MHEpUUHU (TPaBUTALMOHHOM, 31EKTPOMArHUTHOMM. ..).

B Teopun Qusnueckoro BakyymMa KBaHTOBas MEXAaHHKAa pPacCMaTpUBAETCA Kak
OOBIYHAS KJIACCHYECKAsl TEOpPHUs, KOTOpasi ONMMCHIBACT AMHAMHUKY IIOJICH WHEPIHH B
MHUKpPO U Makpo Macmrabax. Okasanock, Hanpumep, 4to 3kcrnepuMenTsl H. Tecna (a
TaK K€ JKCIIEPUMEHTHI IO CBEPXIPOBOJUMOCTU U CBEPXTEKYUYECTH) IMPEICTABISAIOT
co00l pa3HOBUIHOCTbh MaKPOKBAHTOBBIX SIBJICHUMN, B KOTOPBIX KBAHTOBBIE (B CMBICIIE
CTapoil Teopur) M KIACCUYECKUE TMPOLIECCHl OMUCHIBAIOTCS YHUBEPCATbHBIMU
ypaBHEHUSAMHU (U3NYECKOTO BaKyyMa.

Pemenne ypaBHeHW# (M3MYECKOTO BakyymMa ISl MCTOYHHMKA C TIEPEMEHHON
Maccoi (MM 3apsiioM ) OIUCBIBAET MOHOIIOJIBHOE M3JIy4€HUE UCTOUYHUKA, KOTOPOE, C
OJIHOM CTOPOHBI, MOPOXKAAET CKAIIPHbIE PABUTALIMOHHBIE (MJIM 3JIEKTPOMArHUTHBIE)
IoJIs, a C JAPYroil, MO3BOJIAIOT BBOIAUTH B «KJIACCHUYECKHE» YPABHEHHS IBUKCHHUS
BOJHOBYIO (yHKIMIO (TI0JIe MHEpUMU) «KBaHTOBOW» Teopun. H.Tecnma mnepBbrit
HKCHEPUMEHTAIbHO OOHApPYKWJI ~ MOHOIIOJBHOE H3IYyYEHHE CUCTEMbI 3apsioB U
COTIPOBOXAAIOIIEE €r0 CKASIPHOE 3JIEKTpOMAarHuTHoe mnose. B paGote mpuBeneHsl
pE3yNIbTaThI 9KCIIEPUMEHTOB, OJOOHBIX IKCIEPUMEHTOM H.Tecna,
MOJITBEPKAOIIUE CYHIECTBOBAHNE CKAJISIPHOIO 3JIEKTPOMATHUTHOTO MOJIS.



1. KBantoBas s;kuakoctb MagesayHra

Co BpemeHH CO3aHUSI KBAHTOBOH MEXaHHWKH (PH3MKa HAXOJUTCS B KPU3UCHOM
COCTOSIHUH, ITOCKOJIBKY JI0 CHX TOP MEXJy BIyMUUBBIMU TEOPETUKAMH HAYT CIIOPHI O
(bu3nvecKkoil mpupoe KBAHTOBBIX SBICHUNA. Yxke B 1927 roay Beayline TEOPETHKH
pa3fenuIuch Ha iBe Ipymnsl Bo riiase ¢ A.DinmreitHoM u H.bopom (cm. puc.1) .
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Puc.1 Yuactauku 5-ro Conseiickoro konrpecca B 1927.

Touka 3peHMss OWHINTEHA CBOAMJIACH K TOMY, YTO KBAaHTOBas MEXaHHUKAa B
COBPEMEHHOM €€ COCTOSIHUU He sIBJIAeTCs (PyHIaMEHTaIbHOM TEOpHEH, MOCKOIbKY B
HEll oTepsiHO 00pa3HOE MBIIIJICHHE, TAK HEOOX0IMMOE Ul TIOHUMAaHUs IPUPOAbI U,
KpOME TOr'0, OHA HE COIIacyeTcsl ¢ OOLIMM MPUHLIUIIOM OTHOCUTENBHOCTH. [loaToMy
KBAaHTOBAasl MEXaHUKAa HE MOJKET CIIY)KUTb OTIIPABHOM TOYKOW I JAJbHEHIIETO
pa3BuTHs ¢u3uku. EcTh mpocTo Qu3uKa M CYyLIECTBYIOIIEE pasfelieHHe €€ Ha
KBaHTOBYIO U KJIACCUYECKYIO HOCUT BPEMEHHBIX XapaKTep.

Cy1ecTBYIOT pa3IUYHbIE NOJXO/bI PacCMaTPUBaTh KBAHTOBYIO (PU3HUKY KaK 4acTh
kinaccuyeckod Teopuu. CpeaM HUX HauOOJblIee pPACHPOCTPAHEHUE MOIydHIIa
ruapoauHaMuueckas monaenb Manenynra [1], BmoxHoBuBmas JI. me bpoins u
Jl.boma Ha INOHUCKH JETEPMUHUCTUYECKONM KBAaHTOBOW TECOPUHU. B wMopenu
Manenynra ypasuenue lllpenunrepa

inl +£V2 ~Uy =0 (*)
at‘// m y-Uy =Y,

T0CJIe MOCTAHOBKU BOIHOBOM (BYHKIIMH, 3aIHCaHHOM B BUe W = +/ 0 eXp(iS /),



U MPUPABHUBAHUS PEATbHON M MHUMBIX YacTeill MOJTYyYEeHHOTO ypaBHEHUS K HYJIIO,
MOXKET OBITh TPEICTABICHO B BHJC YpPaBHCHUS HEMPEPBHIBHOCTH WM YPaBHCHHMA
TI'amunbroHa-SK00u

8—'0+V AL =0,

ot m %)
oS (VS)’

—+—+U+0=0, s
ot 2m © %)

rae S - Mexanmueckoe neiictue, O = —hzvzx/;/sz = —hzvz‘l/l‘/Zm‘l/l‘ -

2

KBaHTOBBIM MOTEHLHMAT U L = ‘l//‘ . Takum ob6pazom, B momenu MajenyHra OJHO
JUHEHoe Mo ¥ ypaBHEHHE (*) SKBUBAJIEHTHO JABYM HENUHEHHBIM (**) m (***).
CkopocTb 4YacTHIbl B ypaBHEHUSX [ amunbToHa-fkoOm (***) mpencraBiseTcs Kak

v=VS§ / M, OTOMY MOKHO 3amHucaTh cuctemy (%), (***) kax

op .
—+V =0

o+ Vl)=0,

o - dv
m(—+vVv)=m—=-V({U +
(61 )=m— U+0)

WM B BUJE YPABHEHUI T'MIPOJIMHAMUKM [ 1]

op _
—+V =0, 1
s (p¥) (1)
av
po=-Lyu-Lyp, )
dt m m

2v72 N
rne p=my >kl// - IUIOTHOCTh XHUJIKOCTH U Q =-2s5"V ‘l// ‘/ m‘l// ‘ - KBAaHTOBBIU

TNOTEHIMAN, 3aMUCAHHBIA uepes chuH djekTpoHa S =H1/2. VYpasuenns (2)
NEepexoasIT B KIACCHUECKHUE YpaBHEHHMs TMIAPOAMHAMHKH Dilepa B mpejese, Koraa
s =h/2—>0 mnosromy kBaHTOBBIE YpaBHeHus (1) 1 (2) MOXKHO HHTEPHPETHPOBATH
KaK JIB)KEHUE KJIACCUUECKOM KaIlIM KUIKOCTU ¢ COOCTBEHHBIM MOMEHTOM BpAIllCHUS
S.

VYpaaenus (1) u (2) MOXKHO HCIIOJIB30BATh JIJISl OMHCAHUS JIFOOBIX KBAHTOBBIX
CHCTEM, HalpuMep, AJs aToMa BOAOPOAA, NPH AITOM IOJYYAIOTCS TaKUE Ke
pe3yNbTaThl, KaK U MIPU BBIYUCIEHUM € NoMolibio ypaBHeHus Llpeaunrepa [2]. U3
(2) cnenyer, 4To LEHTP Macc KalUlM KBAHTOBOM >KMIKOCTH JBHXKETCS COIJIACHO
ypaBHEHHSIM

dv
mZ =-V(U +0),

rme V - ckopocth neHtpa macc. Ilpu S =%/2 —> 0 sti ypaBHeHns mnepexomsrt B
ypaBHeHUs MexaHuKK HbroToHa.



2. KBaHTOBas1 MEXaHUKA, CJACAYIOIIASA U3 YPABHECHUN
(puznyeckoro Bakyyma

Ou3nueckuii BaKyyM MOXHO paccMaTpHUBaTh KaK CIIMHOBYIO JKHIKOCTb, IPH
9TOM POXICHHBIC M3 BAaKyyMa 4YaCTHLbI CO CHHMHOM, MPCACTABIISIOT C06OI71 Kalim
BaKyyMHOW KHIKOCTH, OOJIaJafOllie COOCTBEHHHIM MOMEHTOM  BpAIICHUSI.
VYpaBHeHHsI BaKyymMa MPEACTAaBISAIOT CO0OM  caMOCOTJIACOBAaHHYIO  CHCTEMY
HEJIMHEHHBIX ~ CHMHOPHBIX  YpPaBHEHHWH, B  KOTOPYK)  BXOISAT  TOJHOCTBHIO
reOMETPU3UPOBaHHbIE (BKJIIOYAsh MCTOYHHMKH) YpPaBHEHHUS, MOJOOHBIE YpaBHEHUSIM
['eitzenbepra [3]

V4l =v0,0,0, — 10,040, — 110,1,0, + 7O, 1,41, —

N
= 11,040, + 1,041, + Pi1,1,0, — 1,141, (A4s+.1)

V..

3705 = 10,040, — 00,041, — 80,1,0, +EO0, 1,1, —

.
—171,0,0, + PL,04L, +01,1,0, —Kl,lyl,, (45 .2)

a,p..=0,1, 7,7.=01,

OHUHIITERHA

20 ot Neyy ey =V e gy s (Bs.1)

n Slura-Mwniica

C -0..T,.+0,.T

AB AB™ CD

ABCD cb +(TCD )AFTFB +(T+DC )BFTAF -

_(TB)CFTF' _(T+BA>DFTCF _[TABTCD]:_VJ

A D

(B, 2)

ACBD °

A,B..=0,1, B,D..=0,1

IIpu uccnenoBaHuM NPOOJIEMBl JBHXEHHS MaTepUM B ypaBHEHHSIX OHHIITEHHa c
TOJHOCTBK) T€OMETPU3UPOBAHHBIM TEH30pPOM OHEpruM-ummynsca 1 ... , U3

ypaBHeHul (usudyeckoro Bakyyma (A), (B) cinenyior 0000mIeHHBIC ypaBHEHUS
TUAPOAMHAMUKH JIJISl HECKUMAEMOM KUAKOCTH [3 ]



V,(pu')=8,(pu’)+ pu' T’y =0, (3)

dum m k. n
p—+pl " wuu” =0, 4
Js (4)
i, jk..=0,1,2,3,
rme O = _V_2 2 AB,UAB >0 . CIMHOPHAs IUIOTHOCThL Marepuu, M, . - CIOHMHOD,
C

o m
nono6ueii cnuuopy Jupaka [3], ' - cumBonsr Kpucropdens, V - MHOXUTEND,
3aBUCSIIMN OT TUIA B3aUMOJICCTBUM YaCTHII, POKJICHHBIX U3 BaKyyMa.

BaxHO OTMETHTB, YTO CIIMHOD AL, ABIAETCA OIHOMW (M3 TPEX) HENPUBOAUMOM

KOMITOHCHTOH TOPCUOHHOI'O ITOJIA T 4B » KOTOpOC (I)I/I?»I/ILICCKI/I HHTCPIIPETUPYCTCA KaK

none uHepuuu [3]. [ToaTomy ypaBHenus (3) u (4), a Tak ke CIeAyIOUINEe U3 HUX
YpaBHCHHS KBAHTOBON MEXaHWKH, OIUCHIBAIOT JMHAMHUKY TOJICH MHEPITUH.
CymiecTByeT HECKOIBKO CHOCOOOB TMPEACTAaBUTh CBS3b HEPEISITHBHUCTCKUX

ypaBHenwii (3) u (4) ¢ ypasHenusimu Ilpemunrepa s W u W ™.

1. Hopmupyem cnimHOpHOe mojie Matepuu A, B ypaBHeHUsX (3) n (4) Ha

CAWHUIY, 3alIMCaB IJIOTHOCTb MaTCpUumn p KakK

E=fy'yar=, (5)
m

rae Y - nupaxoBckuii cniuHOp. IlpencrtaBisis B HEPEISTUBUCTCKOM IpEJEe
nosie ¥ B BUJE IJIOCKOW BOJIHBI ¢ Bpoiiss, MOXKHO 3anucath HEJIMHEHHOE
OTHOCUTENLHO Y/ ypaBHeHHE (3) B BUJE IBYX TUHEHHBIX YpaBHEHHIA
Ipenunrepa mnga ¥ u y* [4]. OTOT npuMeM, NpeAJIOKEHHBIA .
MapenyHroM, cienaH 6e3 HCIoIb30BaHNs KBaHTOBOTO ToTeHnmana
MOCKOJIbKY HE YUMTHIBAET YpaBHEHHUS (2).

2. MHcnoab3yeMm pelieHue ypaBHeHUI BaKyyMa cO CIIMHUPYIOIIUM HCTOYHHKOM
(tumna pemenust Keppa) moss (Maccoil Uiy 3apsiioM) U CO3AaI0IIUM
MOTEHITHATBHYIO dHEpTuto Buaa [3]

2 0
mc Y
U*=- , 6
2 r*+a’cos’ ©)

0
rne ¥ =const - pynkuns ucrounnxa, a - napamerp Keppa [3],
ONHMCHIBAIONINI BpaIlleHHe NCTOYHUKA, - yroj HAKIOHA OCH BPAILIEHHS K OCH

z . Ha 6onpmmx paccrosausx (7 >>a ) unpu 6 =0 norennmansayro
SHEpruio (6) MOXHO TMPEJACTABUTH B BUIAEC CYMMBbI



2 0 2 0 2
mc” WV mec- VY a
Ur=U+0=- 2 r " 2 r_2’ @

B sTom cnyuae HepenstuBucTcKue ypaBHeHUs (3) u (4) ans Karu
BaKyyMHOM KHJIKOCTH C COOCTBEHHBIM BpallleHHEM HPUHHUMAIOT BUJ
ypasuenuii (1) u (2), ecnu napametp Keppa coBmamaeT ¢ KOMITOHOBCKON

JUIMHHOM BOJIHBI KBAHTOBOM yacTuipl d = A = h/ mc,a ‘l//‘ YIIOBJIETBOPSIET

YPaBHEHUIO

V:——— |v|=0. (8)

. . 0
3. Pemenne BakyyMHbIX ypapHennii (A4),(B) c gynxuueii ucrounuka WV
MOJKET OBITh MPEJCTABICHO B BU/IC HEIMHEWHBIX CIUHOPHBIX YPaBHEHHIA

[eiizenbepra (As+.1) u (A4s .2) B BUAC

v L A R
ﬁZ—FOﬁOZ o, ——;lalj(oﬁ, (9)
v (29—
Vﬁ+5ﬁ”ﬂ%la———37?‘Qﬂﬂw (10)

a,B,..=01, y.7,..=0]1.

rac Oﬁ' " 1, - IBYXKOMIIOHCHTHBIC CIIMHODBHI, 06pa3y}oume O606H.I€HHLIC MaTpUIbl

[Maynu, y>xe copepxaT HH(QOPMAIUIO O CIIUHE. DTO MO3BOJISET MPEJICTABUTH
(GYHKIHIO HCTOYHHKA KaK

Y=g—=a—", (11)

rae & - Ge3pa3MepHasi KOHCTAHTa, XapaKTepU3yIollas B3auMOICHCTBHE
BaKyyMHOM kuakoctu. Hanpumep, 1uis BakyyMHON 4acTULbI € TPAaBUTALMOHHBIM

. 0 2
psaumozeiicteuem [3] Y =mG/c” =« g h/ mc , orkyna

o _sz
£ he

(12)



CoO0TBETCTBEHHO, JIs1 2JIEKTPOH-TIO3UTPOHHOTO BaKyyMa Mbl UMeeM [ 3]

Vi=—=a,—, a,=—. (13)

Ecmm 3apsim € paen nHymo B ypaBHeHUsX (9) u (10), To 3TH ypaBHEHHs
OIMCBIBAIOT PACIPOCTPAHEHHUE TOJBKO CIHMHA, T.€. CTAHOBATCS YPaBHEHHSIMH OIS
HEUTPHUHO.

3. KBaHTOBasi TMAPOAMHAMMKA C MIEPEMEHHOM
(pyHKIHEH UCTOYHUKA

3aKOH COXpaHEHMsI MacChl M 3apsAja SBJISETCS OAHMM W3 OCHOBHBIX 3aKOHOB
COXPaHEHHUsI COBPEMEHHOM TeopuH 1oJisd. OAHAKO, IKCIIEPUMEHTHI € 3JIEMEHTapHBIMU
YaCTHUIIAMU, B KOTOPBIX MPOUCXOAUT POXKAECHUE YACTUL U3 BaKyyMa UM UX B3aUMHOE
npeBpallieHre, IMOKa3blBalOT, 4YTO 3TOT 3aKOH HE BCerja BbIMONHsAETCS. B
TEOPETUYECKOM IUIaHE HapyLIEHHE 3aKOHA COXPaHEHMsI MAcChl MJIU 3apsijia 03HAYaeT,
YTO HE BBINOJHAETCS ypaBHeHHE HempepbiBHOCTH  (1). B BakyymHOI
TUAPOAMHAMUKE, KaK 9TO cleAyeT u3 ypaBHeHus (3), (B oOuiem ciydae), Mbl UMEEM
JIeNI0 ¢ TIEpEMEHHBIMU MaccaMu | 3apsilaMu.

Hcnonb3yem perieHne ypaBHEHUH BaKyyMa ¢ IIepeMEHHBIM CepruIecKu-

CUMMETPUYHBIM HCTOUHUKOM M0JIs (Maccoit uinu 3apsaaoM) [3]. B atom ciydae
HEepeNsATUBUCTCKUE ypaBHEHUs (3) u (4) ns Karwiv BaKyyMHOM KUAKOCTH
C MepeMEeHHON Macco (3apsiioM) MPUHUMAIOT BU

. . 1 oy’
V (ou')=0 (pu')+ p——=0,
i(pu’)=0,(pu’) - (14)

LS SRR N, AV
dt r P rc Ot cdt’ (15)

a =123,

rie P'(t)=m@)G/c” - (YHKIHSA UCTOYHHKA C mepeMeHHoi Maccoit M(f) wm

YO (t)=eq(t)/ mc” - QYHKIMS HCTOYHMKA ¢ TiepeMeHHbIM 3apsgom ¢(f). W3

ypaBHeHUs (6) BHIHO, YTO IJIsl TIEPEMEHHOHN Macchl (3apsiia) oObIYHOE YypaBHEHHE
HETPEPHIBHOCTHU (MJIM 3aKOH COXPAHEHHUS MACChI (3apsiia)) He BBITIOJIHSICTCS.

JIns penreHns ¢ mepeMeHHoi QyHKIMel HcTounuKa Tensop Puuun R, ormimuen

OT HYJISl ¥ TUIOTHOCTH CEPUIECKU-CUMMETPUYHON KAaIlTH KUJAKOCTH UMeeT BU [3]



2 ov° (t)
velrt  cot

pt)= (16)

B npenene, xoraa pr ) — W' = const , IJIOTHOCTH UcTOouHUKA (16), ¢ yuerom (5),
MOXeT ObITh mpencTaBieHa kak O =387F °S(F) /vt =my Ty, Ipu  3TOM

4 o
V= 87ZG/C . COOTBGTCTBGHHO, AJISL 3apsSPKEHHOU JKUAKOCTU B IPCICII , Mbl HMECM

P.=qy ¥ =q5(r), (17)
npu stom V, = 87e/ mc”.
Jna  pacnpeneneHuss 3apsaa  OJM3KOrO K TOYEUHOMY YpaBHEHUS (15)
IPUOJINKEHHO MOKHO MTPEJCTABUTh KaK
v p P edx
p—=—"=VU-—=8§— (18)
dt m m-cdt’

rie U =eq(t)/r - norenumanshas sHeprus B3anMmozeiictus 3apsizos € u ¢(1),
S=1/rc-0q(t)/ 0t - cxanapuoe none, nopoxneHHOe NepeMeHHbIM 3apsaoM ¢ ()

(MOHOIIOTPHOE U3ITYUYEHUE 3aps/a).
C npyroii ctoponsl, u3 (16) u (17) cnegyer

S ~-4mq(ty 'y, (19)
[TosTomy (18) MOXKHO 3ammcaTh Kak
dv P L« dx
VU + 4mer — —
P 7 m q vy cdi’ (20)

rne W(f)- BommoBas dymkummst 3apama  ¢(f). COOTBETCTBEHHO, YpaBHEHHUS
ABWXKCHUA MLCHTpPAa MaccC 3apﬂ)I<eHHOﬁ KalJli KBaHTOBOU KHUOIKOCTH B II0JIC

nepemenHoro 3apsna (%), umeror Bux

dv e dx
m—=-VU-S§——,
dt cdt’ @1
dv . dx
m—=-VU + 4mer —.
dt qy v cdt (22)

W3 atux ypaBHEHHI BHIHO, YTO BOJHOBAs (YHKIIHS MCTOYHHKA C TMIEPEMEHHBIM 3apsIoM
BXOJIUT B KJIACCHYECKHE YpPaBHEHUS JBIIKCHUS TOJOOHO TOMY, KaK 3TO UMEET MECTO B
ypaBHeHUsX (2). Iloxokwe ypaBHEHWS MOXKHO HANWCATh JJs KBAHTOBOW JKUIKOCTH C

nepemennoii maccoit M(f) .
B oOuweil TeOpUH OTHOCHTENbHOCTH ISl ONHMCaHusi mepeMeHHOH wmaccsr M(F)

ucnonbp3yercs KoH(popMHas MeTpuka [5,6], TpW 3TOM KBaHTOBBIM IOTEHIIHAI Q



MOSIBIISICTCS B KJIACCHUECKUX YPABHEHUSX B pe3ysbTare KOH(OOPMHBIX (IIOKTYaIHid
METPUKH IUIOCKOTO ITPOCTPAHCTBA.

4. CBSI3b CKAJSIPHOI0 3JIEKTPOMATHUTHOIO TOJIS C

IKcrepuMenramu Tecia

VpaBuenus (21) m (22) He  crexylOT M3 YpPaBHEHUH HIIEKTPOAMHAMUKHU
Makcsemna-JlopeHna, MOCKOIBbKY B HEM BBINOJHACTCA 3aKOH COXPaHEHUs 3apsla U
MOHOIIOJILHOE ~W3Ty4deHue OTcyTcTByeT. [loaTomy, nns SKCIEPUMEHTaIbHOTO
uccienoBanus ypaBaeHui (21) u (22), HeoOX0IUMO cO3/1aTh (PU3NICCKUE YCIOBUS, B
KOTOPBIX ypaBHEHHE HeNpepblBHOCTH (1) He BBINONHSETCA, T.€. CYIIECTBYET
MOHOIIOJIBHOE U3JIy4YeHHe 3apsiaa. B MakpoMmupe 3TO MOKHO CAeNaTh HE JUIsl OJJHOTO
3apsia, a AJ CUCTEMBI 3apsiioB. JIeHCTBUTENbHO, MyTh MBI UMEEM 3apsIKECHHYIO

cdepy (puc.1)

Re0)
r}

E

1 9Q(t)
re ot

- -

X ‘ " |
-1

=

Puc.1
v mycth 3apsan chepsl paser + . Ecmm 3amMkHyTs K04 K,  3apsm chepsl 6yner
MEHSTHCA U B pe3yJibTaTe, Kak 3TO CleAyeT U3 ypaBHeHHi (21), BHe chepbl MOSBUTHCS
CKaIIpHOE dIeKTpoMaruuTHoe mone O =1/rc-0Q(t)/ 0t . 3apsn e ¢ maccoit m

OyZer IBUTATBCS B 3TOM TOJe corjacHo ypaBHeHusiM (21). IlpenBapurenbHbIe
HKCHEPUMEHTHl 10 OOHAPYXKEHUIO CKAJISIPHOTO 3JIEKTPOMArHUTHOIO MOJSL ObLIM
npojenansl B pabore [7]. B pesynbrare SKCIEPUMEHTOB OBLIO OOHAPYKEHO
aHOMaJIBHOE, C TOUKHU 3pEHHUs AJIEKTPOANHAMUKU MakcBesa-Jlopenua, Bpaiienue



MOTOK CKAISIPHOT'O ITOJISI
TECJIA YEPE3 ITPOCTAHCTBO

<«— BTOPHYHAS
KATVIIKA L

TEPEMEHHBIH TOK ’ 55— i@ _ oVR
rc Ot re

dms,cos wt

«— NIEPBHUMASA
KATYIIKAL |

() -YACTOTA IEPE3APSIIKH COEPBI
[/ -TOTEHIHAT COEPEI
R -raguvc coEPH

Puc.2 becnipoBoHas nepenada 3JIEKTPOIHEPTUN CKATSIPHBIM MOJEM S

JATYHHOTO KOJIbIIA, IMOJABEIIEHHOr0 B IJIOCKOCTH 3KBaTOpa Chepshl.

Ha cnenyromem 3tane 3KCIEpUMEHTOB MBI MCIOJIB30BAH JJIS 3apsijia U pa3psaia
chepel Tpanchopmarop Tecna, COCTOAMMKA W3 TMEPBUYHONM KATYIIKH TOJICTOTO
(d=5mm) amromMuHHMEBOTrO mHpoBoja (6 BUTKOB) MU BTOPUYHOM KATyIIKH, KOTOPYIO
obpasytor 1500 BuTkOM wmeaHoro mpoBoga (d= 0.35 wmm), HamMOTaHHBICE Ha
nojamdTUIeHOBYl0 TpyOy (d=50 mm). Ha mnepBuunyio oOMOTKY (cM. puc.2)
[OJaBaiCh UMIYJIbChl ¢ ammmtynoii V' =17.5 Boasr ¢ uacroroit mopsaka 10
MI'g oT reLeparopa bposuna
http://rutube.ru/tracks/1889979.html?v=e617cdbf946eb042b0ce89074b0faacl, cxema
KOTOpPOTo MpejcTaBiieHa Ha puc. 3. Bo BTopuuHO# 00MOTKE (32 CUET pE30HAHCHBIX
CBOMCTB CHCTEMBI) MbI IONyUYaIl CUHYCOUJAIbHOE HAMPsKEeHHE ¢ aMIuuTyaoi 5000
BOJIBT.

a LZ = 1500 purkor
2 (A 50k
4 a® A s -
12608 BUI508.A — L, => 6 putkoe
4000 2t 1007 [/
— N
Puc.3

10



Ecnu 3apsan  coeps Menserca no sakony O =Q,sinwf, to usnyuennoe
CKaJISIPHOE T0JIe c(hepbl MEHSIETCS 110 3aKOHY

g_ 100 _ oV

rc Ot re
Ecnu B mone MOHOMONBHOTO M3iy4eHus (23) HaXOAUTCS JTaMIia JHEBHOTO CBETa (CM.
puc. 2), TO OHA CBETHUTHCS, PUUEM SIPKOCTh CBEUCHHSI YBEIIMUYUBACTCS C YBEIIMUECHUEM

4re,Rcosmwt (23)

n60 YacToThl @ , 6O ¢ yBeTMdeHHEM HanpskeHus V.

BriepBbie OnBITHI 110 Mepeaaye dMEKTPOIHEPTUHN ¢ UCTIOIB30BAHUEM MOHOTIOJIBLHOTO
m3nydeHus: Obut mpoxenanbl H.Tecma B 1919 r [8]. OH mepBbIM, Ha OCHOBE
MHOTOYHCIICHHBIX OMBITOB, YCTAHOBWIL, YTO AP(HEKTUBHOCTH OECIIPOBOTHOM MepeIadn
AJIEKTPOIHEPTHUN BO3PACTACT C YBEIMUYEHHEM YacTOTHl M HANPSOKCHHUsS CHUTHAJIa Ha
nepenamomeii anrenHe. IloaTtomy crpaBe/IMBO Ha3BaTh MOHOIIOJIBHOE CKaJISipHOE
m3nydenue (23) monem Tecma. Ha puc. 4 mpuBenens! Gpororpaduu, Ha KOTOPBIX

Puc.4. JJabopaTtopHbIe SKCIEPUMEHTHI 10 O€CTIPOBOAHOMN TMepeaave dJIECKTPOIHEPTUU

JIEMOHCTPHUPYETCS TIepeaada SHEPTUM C MOMOIIBI0 CKajsipHOro mojs (23) (wiun
MOHOIIOJILHOTO JJIEKTPOMAarHUTHOTO u3nydeHus). M3 dopmynsl (19) cnemyet, uto
CKaJIIPHOE AJIEKTPOMArHUTHOE TMOJie — 0030H, KOTOPBI MOXXHO MHTEPIPETUPOBATH
Kak mapy ()epMHOHOB C TPOTHUBOIOJIOXKHBIMUA CIIMHAMH, TOJ00HO KYIMEPOBCKHUM
rmapam B TEOPHUH CBEPXITPOBOIUMOCTH [9].

C ydeToMm cKaJIIpHOTO TOJIs ypaBHeHUs JIOpeHIa MPUHUMAIOT BH/T

11



m%:eE+£{[\7ﬁ]—S\7}:eE+E{[§I§]+47er1//*1//\7}. (24)
C C

OTcrofia BUJHO, YTO HOJIE O MO CBOEH Mpupoje Oiuske K MarHMUTHOMY monis H |
[OOTOMY €r0 MOXHO Ha3blBaTh TAKKE CKAISPHBIM MArHUTHBIM  [OJIEM.

OI[HOBpeMCHHO 9TO MOJIC - MOHOIIOJIBHOC U3JTYYCHHUEC HCTOYHHUKA I10JIA Q,

a 0

Puc.5. a) cBeuenue jamnbl Hakanuanus 220 BosasT 40 BaTT B mole S B pykax

rccnenoBarens; 6) ocuumiorpad IOKa3pIBaeT HANPSHKEHHWE, CO3JAHHOE TOoIeM J ,
MIPH ATOM KOHIIBI IIIyTa ocuuiutorpada pasHeceHsl B MPOCTPAHCTBE HA 5 CM

BBIPQKEHHOE Yepe3 KBaJgpaT HOPMHUPOBAHHOTO MOJSl AJIEKTPOMArHUTHOW HHEPIHMH
¥ . Korma H.Tecna cnpocuim, kKakoe mojie OH M3Iy4daeT U NPUHUMAET CBOMMU

npubOpaMu, OH OTBETHJI, YTO €ro MOJsl — 3TO HE JIEKTPOMAarHUTHBIC BOJHEI [ epra.
Ha puc.5 mpexncraBineHbl 3KCHEPUMEHTHI, KOTOPBIE MOKasbiBatoT, yto H.Tecna Obut
npaB. Hammpumep, Ha puc.5 0) B 1ienu nryna ocuuuiorpaga BOZHUKAET JICKTPHICCKHI
TOK, XOTSl Ienb He 3aMKHyTa. OOBSICHUTH 3aMKHYTOCTh IIEMH OOBIYHBIM TOKOM

cMerennss OH / cOt e ymaeTcs u3-3a GONBIIOTO EMKOCTHOTO COMPOTHBIICHHS IEIIH.
Cam H.Tecma cuutan, 4To BTOpPUYHAs KaTyllka TpaHcopmaTopa MOJISPU3YET
¢usnuecknii BakyyM BOnM3u ee. Takas HWHTEpHpeTansi BIIOJHE COTJIACYETCS C
MPEJICTABJICHUEM O MOHOIOJBHOM JJIEKTPOMArHUTHOM U3TYYEHUH, MEPEHOCUMOM
CKaJIAPHBIM HoJeM O . EcIM HanpsKeHHOCTh TOJs S 3HAYMTENbHA, TO BOKPYT
CBOOOJHOTO KOHIIA BTOPHUYHOM OOMOTKM BO3HHUKAET KOPOHHBIA pa3psija, MPUPOIY
KOTOPOT'0 OOBSCHAT MOCIEAYIOMHNE dKcnepuMeHThl. CKopee Bcero, 3To (CrapeHHbIE)
ANEKTPOHBI, M3JIy4aeMble (U MOIJIONIaeMbIe) KOHIIOM BTOPUYHONH OOMOTKH.
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5. TopcuoHHad sIMa U CIAPUBAHHUE JJICKTPOHOB

[lorenunanbHas sueprus (6), (7) npu a = h/ MC ONUCHIBACT CIIMHOBBIE CBOMICTBA
UCTOYHUKA. ['paduk nmoreHIManbHOM 3Hepruu (7) A IBYX 3JEKTPOHOB

a o
U'(r,0) U'w0)

< cosd =1

DReKmpor-11eKMpP or

Daexmpon-Inexmpon

Kyanonoeckasn
& noOMeHUUaAIbHAS
Hepaus |

0 / cosd = -1
0
Topcuon-Ky1oH08CKAA Topcuon-xyronoscran
NOMEHYUALbHASL IHEPLUSL HOMERKUARGHAR IHEPIUA

(cos @ =1)

Puc. 6. IToreHnuanbpHas SHEPIUsA BSaHMOHCﬁCTBHH ABYX 3JICKTPOHOB

0
pu ‘T ‘/ a=3/2y IIPU Pa3JIMYHBIX OPUECHTALUAX CIIMHA UCTOYHUKA

0 2 2
npencraBieH Ha puc. 6. I[lockonbKy [Uisi 3J€KTPOHOB 2“{’ ‘=2€ / mc u

a=nh/mc, o w3 sroro rpaduka crexyer, uto mpu oSO =1 na paccrosHnm

11 -12

nopsaka 107 —1077 cm Mexnmy siekTpoHaMu BO3HHKAET NMPHUTSKEHUE 33 CUET
TOPCHOHHOTO (CIIMHOBOTO) B3ammoneiicTeus (puc.la). Ecim sxe  €0SO =0wmm
cosf =-1 , TO KYJIOHOBCKHI Oapbep OTTAJKWBAHUs 3HAYUTEIBHO IMOHMKACTCA U

-5 -4
TOPCHOHHOE MPUTSKEHHE MOKET BO3HUKHYTH Ha pacctogrusax 107 =107 cm,

[Tono6HbIE pe3yabTaThl MOKHO MONYYHTh, Pelllas ypaBHEHUS KBAHTOBON MEXaHUKH
Jutst B3auMoeicTBust yactul co cnuHoM [10]. TlonmydeHHoe perieHue MoKas3bIBaeT,
YTO OCHOBHOE COCTOSIHHME (BaKyyM) CBEPXIIPOBOJSIICH 3JIEKTPOHHOM >KUIKOCTH
SBJISIETCS. KOHJEHCATOM JAByX coptoB mnap Kymepa ¢ [AByMs pa3ivuHBIMU

sueprernuecknmu mensamu, A,, & =12, npuuem mapsr Kymepa kaxmoro copra
coJiepXkaT JUIIb 3JEKTPOHbI C OJHOM 3aJaHHOM CHUPAIBHOCTHIO (ITPOEKIUEN CIHHA
Ha umnynse): +1/2 wmm —1/2 | T.e. 5neKTpoHBI ¢ OHOI ¥ TOH e CITHPATFHOCTHIO

13



(HO ¢ IPOTUBOIIOJIOKHBIMU MMITYJIbCAMU) CIIApUBAIOTCSA. BBIBOA O CyLIECTBOBaHHUU
IBYX OHEPreTHYECKHH IIeNiel HaXOOUTCS B  KAYECTBEHHOM  COTJIACHU  C
OKCIIEPUMEHTAIbHBIM  OOHApYKEHHEM JBYX TEMIIepaTyp CBEPXIPOBOJSIIETO
¢dazoBoro nepexona [11].

6. Ilepenaya 3J1eKTPOIHEPIrUM MO OJTHOMY NPOBOAY U

PE30HAHCHI CKAJSAPHOI'0O IMOJIA S

Ha puc. 7. npeacrapiieHa cxema rnepeaadn JIEKTPOIHEPTHH 110 OJTHOMY ITPOBOJLY,
aHajornyHasi 3anateHtoBaHHoi H.Tecna eme B 1897 r.[11]!

SHEPTETUMECKWWA NOTOK
CKANAPHOr o nonAd YEPE3
MPOCTPAHCTBO

—

Namna

1 &
= 120 = g47rgoR cos @i
rc Ot rc

hy

CToa4ne BOMHLI

Puc.7. llepenaua aneKTpo3HEPruM MOJIEM S 110 OJIHOMY IIPOBOAY U3 TOUKH A B
Touky b, a, 3atem, yepe3 Tpanchopmarop Ha Jamiry. BTOpoi KOHEIl KaTyIIKh
b 1 noHmxkaromen KaTyImky BUCAT B BO3yX€.

IIpn m3MepeHun pacnpeaeneHus Mojiss S BIOJAb KAaTyLIEK M OJHOIPOBOJHOMN
JUHUHM OBUIO OOHApPY’KEHBI, CTOSYME BOJHBI MOJIS S, T.€. CTOSYHME BOJHBI 3apsJIOB,
U3Iy4YeHHBIX McTOYHHMKOM. Ha puc. 8 a) mpencraBieHa  sKcnepUMEHTalIbHast
OJTHOTIPOBOJIHAS JIMHHS, TEPEAAIonias 3JICKTPO’HEPTHIO Ha PAcCTOSHUE 2 MeTpa,
coOpaHHast 1o cxeMme Ha puc. 7.
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N BONU3N KOHTaKTa
Wynbl pasHeceHbl
Ha 3 cM

MpuGop nokasbiBaeT
1000 BonbT
nepemMeHHOro Toka

< \Tpauctpnp-
@ matop
Tecna 2

Puc. 8. a) skcnepuMeHTanbHasE OJTHOTIPOBOHAS JTUHUS; 0) B MECTE KOHTAKTa OHOTO
npoBoja ¢ Jamnoi npubop mnokaspiBaer 1000 BOJBT MpH Pa3sOMKHYTHIX Ha 5 cM
nrynax 06e3 CONMPUKOCHOBEHHUS C TIPOBOIOM.

Habmromaemerii  cnoco0 mepenadd  AJIEKTPOIHEPTHH  HEBO3MOXKHO — ONHCATh
YPaBHEHMSIMHM BEKTOPHOM 3JieKTpoauHamMuku Makcsesuia-Jlopenua. MimenHo no atoi
npuyrHe SKcriepuMenTsl H. Teca He ObUIr BOCTIPUHSTHI HAyYHOU O00IIECTBEHHOCTHIO

B HayaJe MpPOLIIOrO BeEKa. Tem nHe w™enee, B 1931 1., kxorma H.Tecma
MPOJEMOHCTPUPOBAT  JKypHAJIIMCTaM aBTOMOOWIb, pabOTalOMMid Ha OSHEPTHH
¢u3n4ecKoro BakyyMa, BOCXMIIEHHBIH ~A.DUHIUTEHH MO3IpaBWJI €ro ¢

CEMUACCATUIIATUIICTHEM. BI/IJII/IMO, TCHHUA MOXKCT IIPU3HATH TOJIBKO TCHUM.

B Hacrosimee BpeMsi cuTyauMs HW3MEHMIIACh, IIOCKOJIBKY CO3/1aHa TEOpHs
¢bu3nvecKkoro Bakyyma, Jaromas K04 K HAyYHOMY OOOCHOBaHHMIO BOCXHUTHUTEIBHBIX
skcnepumeHToB Tecnma. Kak u mpeanonaran paHee BeIMKHH H300perarenb, €ro
OKCIICPUMCHTBI JOKA3bIBAIOT CBA3b 3JICKTPOMArHUTHBIX SIBJICHUM C (1)H3HKOI>1 BaKyymMma,
T.€. CO CTPYKTYpO IPOCTPaHCTBA.

3aKJII0YeHHEe

[IpocTeiimme 53KCepUMEHTHI, MOBTOpsAOIIMEe  NUoHepckue pabotsl H.Tecna,
YKa3bIBalOT HA YpaBHEHHS SJIEKTPOJMHAMUKH, OO0O0OIIAIOLINE 3IIEKTPOIUHAMUKY
Makcsemna-Jlopenna-/lupaxa. Kak Obuto moOKa3aHO BbINIE, U3 YpaBHEHUH
¢dusmveckoro Bakyyma (A) u (B) cneayer BakyyMHas 2JIEKTPOJMHAMHKA, CITIOCOOHAS
ornucaTth HaOJIOJaeMble SKCIEPHUMEHTHl 10 MOHOIOJBHOMY H3IYYEHHIO CHUCTEMBI
3aps70B U CBSA3aTh KBAaHTOBBIE M KIJIACCUYECKHE SBIICHUS B DJIEKTPOJIMHAMHUKE. DTO
yaaeTcsl caenaTth Onarogapsi TOMY, YTO BOJIHOBas (DyHKIHS B JACTEPMHUHUPOBAHHOMN
KBaHTOBOIl TEOpUHU IMpeICTaBIseT cO0O0Il Mojie MHEpPUMH — YHUBEpCAJIbHOE IOJeE,
CBSI3bIBAIOIEE BCe (PU3UUECKUE MPOLIECCH], U N0 MpaBy HazBaHHoe EnunbiM [lonem.
JBa renus — A.DHmTeH n H.Tecna, kaxapIii Mo-cCBOeMy, TBITAIMCh OOHAPYKUTh U
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OIUCaTh 3TO MOJE, HO TOJIbKO, MpUMepHO, uepe3 70 yieT ObUTN HalACHBI ypaBHEHHS
(U3HYECKOTO BaKyyMa, TTO3BOJISIOIINE OOBETMHATD UX YCHITHS.

OcHOBHasi LenAb HACTOSIIEH paboTbl — 0OpaTuTh BHUMaHHE HAYYHOM
OOIIIECTBEHHOCTH Ha  JJeKkTpoauHamuueckue paborel  H.Tecna U Ha
IpeJCcKa3aTeNbHYI0 CHIIy YPaBHEHUH (PU3MYecKoro BakyyMma.
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QJIEKTPOINUHAMMUKA TECJIA
B TEOPUU OUSNYECKOI'O BAKYYMA

unos I'.H.
BBenenue

Huxona Tecna 6611 8™ netnum noapocTkom, korpa MakcBesl HaIMcan CBOM 3HAMEHUTHIE
YPaBHEHHUS 3JIEKTPOJMHAMUKH, a 4yepe3 25 JIeT OCYIIECTBUI OAHOIIPOBOAHYIO IEpenayy 3JIeK-
TposHepruu [1], ¢pusuueckre OCHOBBI KOTOPOW O CHUX IOP OCTAOTCs HeompeaeaeHHbIME. [1o
JIAHHBIM M3 pa3HbIX UCTOYHMKOB, H. Tecia, B TedeHHe CBOEH TBOPYECKOMW KU3HU, 3aPETUCTPU-
posait ot 800 1o 1000 marentos. [Ipu co3gannu NaTEHTOB, OH KUCIIOJIL30BaTl OCOOBII METO, KO-

-

Cnaiig 1

TOPBII MBI ceiuac ompenensieM Kak «MBICICHHBIN skcriepumeHT». OOnanas He3aypsIHON WH-
TYHMILIMEH, OH MBICIIEHHO cO3/aBaJl Oy/ayIlee yCTPOHCTBO, MBICJIEHHO 3KCIIEPUMEHTHPOBAI C HUM
U, 3aTeM, IEPEHOCHII BooOpaxaemoe ycTpoilcTBo Ha Oymary. IIpu 3ToM BOIUIOIIEHHOE B «OKelle-
3€» yCTPOMCTBO paboTamo MMEHHO TakK, Kak mpeactaBisul cebe H.Tecna. B mHTEepHETE cymiecT-
BYIOT UCTOYHUKH, KOTOphIe coobmiaroT, uto H.Tecna Obu1 BeiBUHYT HAa HoOeneBckyto mpemuro,
HO OTKazajcs oT He€. Hayuno-TtexHuueckue npoektsl H.Tecna B oCHOBHOM (QUHAHCHPOBAIUCH
aMEPUKAHCKUM MYJIbTUMUJUITMOHEPOM MopraHoMm, KOTOPBIN IpekpaTui GuHAHCHPOBAHUE TTOCTIE
9KCHEPUMEHTOB MO OECIpPOBOAHON PE30HAHCHOW Iepeaade IEKTPOIHEPTUH OOJIBIION MOIIHO-
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CTH C TIOMOIIbI0 OantHu, nmoctpoeHHor B Komopano Crpunrc. B otnuuume oT npyrux uccieno-

Bateneil Hauana 20 Beka, H.Tecna paboTan ¢ ycTpoiicTBaMH, B KOTOPBIX OH UCIIOIb30BAN 3KC-
TPEMaJIbHO BBICOKHE HAMPSDKEHUS (MUJUTMOHBI BOJIBT), BRICOKHE YacTOTHI (necatku MI'm) u siB-
JIEHUE AJeKTpoMarHuTHOro pesonanca O.XwuBucaiga. [lo odunmansHBIM JOKYMEHTaM JBa Te-
Hus - H.Tecna u A.DUHIITEHH HUKOTA HE cOTpyaHUYa BMecte. bonee Toro, H.Tecna nporec-
TOBJI MPOTHUB OTKaza A.JiHmreiiHa B 1905 1. oT adupa (pusmdeckoro Bakyyma), cauTasi 3T0

omm6bkoii. Co cBoeii croponsl, A.DiiHireiin nosapasun H.Tecna ¢ 75™ nernum FO6uneem, ko-
raa H.Tecna npogemoncTpupoBai xypHanuctam B 1931 r.aBToMmoOuiIb, KOTOPBI HCIIONb30BAI
JUTSL CBOETO TIEpeIBUKEHUS SHEPTUI0 3upa (Bakyyma).

1. MononoJibHOE (CKaJIsIpHOE) u3JaydeHue cepbl
U karymka Teciaa

HauOonpmmii unrepec as ¢pusuku B s3xcnepumentax H.Tecna npeacrasiser cdepuuec-

MomomonbHOE (CrRaTpEiE)

LEHVRIEGEIEIChEPLT Tec. 1a
-R2 —>®

¥ : T r

AN Bakyyma

|
& =1/(4¢")

_18Q(t)

T re ot

Cnatin 2

KU  KoHmeHcartop  (crmaig  2), €eMKOCTh  KOTOpOro  BbIUMCIsETCS 1o  (dopmyre
C=4re,6,RR, (R, +R,). B osroii popmyne R, -pammyc Bmyrpenmeii obkmanxu, R,-
panuyc BHEUIHEW OOKJIAIKu, &£,- OUAJIEKTpUUecKas MPOHUIIAeMOCTh Bakyyma (3¢upa Bo Bpeme-
Ha Tecna), &, -AMAIEKTpUYECKas IPOHUIIAEMOCTh Cpeibl MeX 1y oOkiaakamu. M3 aroit popmy-

w1 B mpenene R, — o crenyer emxocts chepsr C =476, R, . Coorerctrenno, 3apsan cde-



pe1 Q Beruucnserca no gopmyne Q =CV =47mg,6,RV | rneV - nanpsxenue mexay obkian-

kamu. Ecim 3apspkeHHas cdepa paspsokaeTcs, TO BHE pamauyca cepbl TOJDKHO HaOII0IaThCs
_ o

sexktoproe mone E(t)=Q(t)F/r°|r| (ypaBHenms MaxcBemna) u ckansproe nosne Tecna

S(t)=1/rc-0Q(t)/ ot (ypasnenus ®usmueckoro Bakyyma [2-4]). CkansprHoe m3mydenue S

TMOTOK CKAJISIPHOT'O ITOJIST
TECJIA YEPE3 ITPOCTAHCTBO

dneycoswi

@) -YACTOTA NEPE3APSJIKH COEPBI
V = MOTEHUHAJI COEPBI

R -pamivc coEpst

Craiin 3

OTCYTCTBYET B 3JICKTpoanHamMuKe MakcBesuia-Jloperiia. DTo MOHOMOIBHOE M3JTyUYEeHHE CHC-
TEMBI 3apsIJIOB CIIEAYeT U3 pelieHus ypaBHeHui @usndeckoro Bakyyma (ciaiin 7) [2]. B Ba-
KYYMHOU 3JIEKTPOIMHAMUKE HEPESITUBUCTCKUEC YPAaBHEHUS JABMKECHHUS M3JTydaroIIero 3aps-
mae c Maccod M mmeeT BUL

md—v_eE+ [vH]——Sv+2iv
dt 3c®

3nece €SV/C - MoHOmONBHOE W3NydeHHe WMCTOYHHMKA Tons (Hampumep, cdepbl Tecma) u
2e°v/3c? i

€°V/5C” — nmumonbHOE M3JIydeHHEe YCKOPEHHO JBIDKYIErocs 3apsiia. Ha cnaiine 3 npencras-
JeHa cxema skcrepuMenta Tecna mo GecrnpoBOaHON mepenade >Hepruu [14], B KOTOpoM HC-

nosb3yercs ckanapHoe nose Tecna S . Ha nepsuunyto 06MoTky Tpancdopmatopa Tecna mopa-
€TCSl IEPEeMEHHBIN TOK C 9acTOTO . OuH KOHEI[ BTOPUYHON OOMOTKHM 3a3€MJICH, a BTOPOH

npucoenuHen k chepe ¢ paauycom R. B atom ciyuae ckansproe mose Tecina onpenensercs
dopmynoit S =4ms,VRCOSat/rC. TloTok ckanspHOro moms pacmpocTpaHAeTcs OT MOBEPX-

HOCTH c(hepsl B OKpYXKaroIiee MPOCTPAHCTBO U TPOU3BOTUT I(PPEKTHI, KOTOPBIC HE OOBICHIIOTCS



ypaBHeHusMu Makcsesa-Jlopenna. Hanpumep, mone S BBI3BIBAET CBEUYEHHE JaMI JHEBHOTO
cBeta BONMM3M Karymku Tecna (cnaiin 4) .

2. BecnpoBoaHas nepenaya djiekTpodneprum u Teciia-
KynepoBckue napbi

MOHOMONBLHOE 10Nl S IIpecTaBseT co00ii IOTOK 3apAKEHHBIX YACTUI] — SIEKTPOHOB,

BecnpoBomHas MEPpEEERE!
ANCKTPOHEQIFAA

Al gt ([VH|+4mQy wv}
dt c Z

MoHononbHoe (ckanspHoe) usny4veHue

Coaiin 4

IIpU 3TOM IIOJIC MOIKHO IMPEACTABUTHL B BUJIC

S =—4mQ(t)y *y =—4mrQ(t) |y '=—4arp, (1), (1)

riely -BomHOBas (QYHKIMS W3ITYYCHHBIX 3apsokeHHbIX dactull. CoortHomenue (1) mHTEpEcHO

TEM, YTO OMHCHIBACT «CIAPEHHBIC AJIEKTPOHBD», MOI00HBIe KynepoBckuMm mapam B BKIII teo-
puu cBepxipoBoaumoctH [5-7] (em. Cnaiin 5). Hamo oTMeTHTb, 4TO «CIIapuBaHUe» JIICKTPOHOB,
o01ajaromuX KyJIOHOBCKHM OTTAJIKMBAaHUEM, HE UMeeT ()yHaMEHTAIbHOTO OMUCAHUS HU B TEO-
puu ['uns36ypra-Jlangay [8], i B Teopun BKI [5-7]. WHOe monoxeHue 1ei Mbl HMEEM B TEO-
pun @usndeckoro Bakyyma [2,3]. Ha cnaiine 5 npencrasiena noteHuuanbHas sHeprus [3]

_omc® —aqAr e . n

y (04 =
2 r’+Acos’0 ¢ hc mc



B3aWMOJICHCTBHS IBYX 3JICKTPOHOB ¢ MaccamMu M 1 3apsinamul € , OIMH U3 KOTOPHIX UMEET CITHH
S=7/2. Dra >Heprus 6bina moMyYeHA U3 TOYHOTO PEIIEHMs ypaBHeHH# Pusmueckoro Ba-
kyyma (cmaiin 7). CorjacHo MOydeHHOW (GoOpMyJsie, SHEPrus KYJIOHOBCKOTO OTTAJIKHBAaHHSI

JJIEKTPOHOB  MPEOJIOJICBACTCSI TOPCHOHHOW  JHEpPrued MpUTSKEHHS Ha  PACCTOSHUSIX

A AT <A um 2.8-10em <1 <10 em . Crenosarensho, 1o Gopmysiam Teopun Ousu-

. -11
yeckoro Bakyyma, pasmep KymepoBckoil maphl He momiken npespimats 10 "cu . Ha6monats

M3BUBAIOMIMICS MOTOK KYNMEPOBCKUX IMAp B PEKUME PEATbHOIO BPEMEHHM MOXHO C IOMOIIBIO
«Boume6HoTO0 1I1apay, MpecTaBIeHHOTO Ha Ciiaifie 4 ciieBa U crpaBa OT (OPMYJIbL.

3neKkTpoHbI B MeTanne  TopcuoHHbIe 603e-napbl

Dnexmp on-Inexmpor

Kynonoscxasn
nomenyuarbHan
Inepzus

~
Topcuon-Kyaonosckan
nomenyuaabHan snepzun
(cos@ =1)

BEpXNpoBOAMMOCTH

Craiing 5

DKCMEPUMEHTHI CO CKAISIPHBIM H3TydyeHrneM Tecia MoKa3bIBaloT, YTO CKAJSPHBIM TOK CBEPXIPO-
BOJMMOCTH BO3HHKAET HE TOJILKO B MPOBOJHUKAX, HO M B IUAJIEKTPHUKAX, TPUUEM HE TOIHKO MpHU
HU3KHUX TEMIIEpaTypax, HO U IPU KOMHATHOM Temrieparype. Ha cnaiine 5 cneBa BHH3Y NpeacTaB-
neHa ¢ororpadus dKCIEPUMEHTA, KOTJa TOK CBEPXIPOBOAMMOCTH TEYET MO OJHOMY MPOBOIY,
IIPU 5TOM YYacTOK JUIMHHOM 8 cM MpencTaBiseT codoi ynctas Bojga. Ha dororpaduu BugHO Kak
cJIeBa TOPST JBE JaMIlbl, MOJKIIOYEHHbIE K BTOPUYHONU 00MOTKe jeBoro Tpanchopmaropa Tec-
7a, IepBUYHAST 0OMOTKA KOTOPOTO MUTAETCS OT OJHOTO MPOBOJA. DTO OYCHB MOX0XKe Ha P eKT
Jlxxozedcona [9] B Teopru CBEPXIPOBOAUMOCTH, KOTJ[a MEXTY JBYMs IIPOBOJHUKAMHU MTOMEIIIa-
eTCsl TUDJIEKTPUK, HO CBEPXIIPOBOSAIINM TOK BCE PaBHO MPOXOAUT. JMHHAS aK03e(COHOBCKas
MIPOBOAMMOCTh HAOJIOJaeTcsl B SKCIEpUMEHTaxX ¢ TpaHcopmaropoM Teciia JOCTaTOYHO J1aBHO
[10], HO ee TeopeTnueckoe 0OOCHOBAHHE B paMKax TPAJUIIMOHHOW KBAHTOBOW TEOPHUH OTCYTCT-
ByeT. Ha crnaiine 6 mpencrasnen skcnepument rpynmsl [[.C. CtpeOkoBa 1Mo 0JHONPOBOTHOM Te-
penave 3JIeKTPO’HEPTUU, B KOTOPOM AJIMHHA JUAJIEKTPUUYECKOTO BOJAHOTO MPOMEXKYTKA COCTAB-
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asiet Beanuuny oT 0.1 1o 2 metpoB [9]. DkcmepumenT BKiIOUaeT B cebs Tpanchopmarop Tecna
1, u3 xoToporo Beixoaut oguH mpoBoj (Cnaiing 6). Ha koHIle mpoBO/a, OMYIIEHHOTO B BOXY,
pacrioyioxkeH wu3nydarenab 3 anekTpoHHbIX nap Tecna-Kymepa. IloTok crnapeHHBIX 3JE€KTPOHOB
MIPOXOMT Yepe3 BOAY, IOMAJAeT HA MPUEMHBIN 3IEKTPoI 6 U MO OJJHOMY MPOBOAY IMOJIAETCS HA
BBIIPAMUTCIIb 8. ITocie BBIIPAMUTCIIA MOCTOSIHHBIA TOK noaacTCsd Ha 3JICKTPOABUIATCIIb IIOCTO-
STHHOT'O TOKa 9, Bpamaroiiero rpedroi BuHT 10.

Jommmmags  Tecma=ro3eDCOrOBEISE]

[MDOBOIHIMOCIIS

OpHonpoBoaHas
NUHUA -

Catig 6

3. YpaBHenuss ®usznueckoro Bakyyma

OcHoBHbIMU TIONSIME B Teopun Dusmueckoro Bakyyma oOKka3bpIBarOTCSI TOPCHOHHBIE TOJIS C
pa3Hoo0pa3HbIMU (PU3UYECKUMH CBOMCTBaAMH. JTH MOJS KaK MpeAMeT M3Y4YeHHs B HayKe BO3-
HUKIU B KOHIIE 19 Beka B paboTax uTanbsHcKkoro marematuka [.Puuun. CymiecTByeT orpoMHOE
KOJIMUECTBO MaTeMaTu4eckux padboT npoBefeHHbIXx Kapranom, CXoyTeHOM U Ap. MaTeMaTuKaMu
10 MCCJIEJOBAaHUIO CBOMCTB TOPCHOHHBIX IOJIEH, HO TOJbKO B KOoHIlE 20 Beka B Poccumn yueHbIM
yIAI0Ch OOHAPYKHUTH CBA3b ATHX MOJIeH ¢ (pusmueckuMu dKcnepumeHtamu. B pabore [11] B
1984 . OblTM BHEpBBIC OMYOJIMKOBaHBI ypaBHeHUs Dusnueckoro Bakyyma, a B 1988 1. MHOI
Obla 3aBeplleHa nporpamma BceoOmieil OTHOCHUTENBHOCTH M OKOHYATENBHO IMPEICTaBICHbBI
ypaBHeHus Bakyyma (A) u (B) (cnmaiig 2) kak HOBble (hyHIaMEHTAIbHBIE ypaBHEHUs (PU3UKU.
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Topcuonssle mons | jk B ypaBHeHmsx dusmueckoro Bakyyma HrparoT poib TOTO CaMoOro

Enunoro Ilons, Ha moucku KoToporo A.DWHINTEHH noTpaTui 6onee 30 neT.

Ve vl qer =0, (4)
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UCTOYHHUKHU B YPABHEHUSX DHHIITEHHA (B.1)

H SHI'A — MHJUICA (B2) €D

Cmating 7

VYpaBHeHUs (A) npeacTaBisioT co00i TOPCHOHHBIE YpaBHEHHUS, TIOCKOJIBKY COAEP)KaT TOPCH-

i a o o
OHHOE TIoNie | jk M BekTopa €°k  YeTHIPEXMEPHON MPOM3BOILHO YCKOPEHHOMN CHCTEMBI OT-
cueta. YpaBHeHus (B) pacnamaroTcsi Ha MOJHOCTBIO T€OMETPU3MPOBAHHBIE (BKJIIOYAs MPABYIO
yacThb) ypaBHeHUs OiHmTeiiHa (B.1) ¥ mOIHOCTBIO reoMeTpU3UpOBaHHbIE ypaBHEHUs SIHra-

Muunca (B.2). Tensop sHepruu-umnyinbsca 1 om B ypaBHenusx (B.1) u tensop Toka  J *bkm

OTIPE/ICTSIOTCS Yepe3 KBaAPpaTHUHbIEe KOMOHHAIMHA TOPCHOHHOTO Tomst | jk U UX MPOU3-
BosHBIe. [ToaTOMY TOpcHOHHOE mosie B ypaBHeHUs X Pusnyeckoro Bakyyma urpaer poib nons
Mamepuu. 3HaYeHUE KOHCTAHTHI (uau GyHKImu) V B ypaBHeHusx (B.1) u (B.2) ompenens-
eTcs MOCIe TOTro, KaK HaiJIeHO pelleHne 3TUX YpaBHEHUH, KOTOPOE 3aTeéM CPaBHUBAETCS C pe-
IIEHUEM OJIHOTO U3 (PyHIaMEHTAIbHBIX YPaBHEHUH (pU3MKH.

[TonHOCTBIO TeOMETpU3HpPOBaHHOE ypaBHeHHe ODifHmTelHa (B.1) mpenckas3biBaeT HOBBIE
MPEACTABICHUS] O CTPYKTYpe NpOoCTpaHCTBa-BpeMeHH. (COrjlacHO 3TUM MPEACTABICHUSIM Mbl
*uBee B 10 MepHOM KOOpPAMHATHOM MPOCTPAHCTBE, KOTOPOE BKIIOYAET B ce0si 4 TpaHCISAIUOH-

HBIX KoopauHatel X, Y,Z,Cl u 6 BpamareabHbIX KOOpAMHAT @, @, , @y, 0, 0,, O,. NMenHO
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6 BpalaTeNbHBIX KOOPIMHAT ONpENENIAI0T TOPCHOHHBIE MONs | jk . B HepelsTHBHCTCKOM

npuOIMKeHUH M B (KBa3H)MHEPLUHUAIBHBIX CHCTEMaxX OTCYETa IUIOTHOCTh MAaTepHH O JH000ro

00BEKTa, POJKIECHHOTO M3 BaKyyMa, Onpejelsercd kKak 0 =Ry *W | rae - HOpMUPOBAHHOE
Ha  €IUHMILY I10JIe MHEPUHUU (TOPCUOHHOE II0JIE), YIOBJIETBOPSAIOLIEE I'€OMETPU3UPOBAHHOMY
ypaBuenuto Illpeaunrepa, /7 - KBaHTOBas KOHCTAHTA JUIS JaHHOTO OOBEKTa, (¥ - 4acToTa
TOPCUOHHOIO 1oJisA. TakuM o0Opa3oM, TOPCHOHHOE MOJE€ MMEET KBAaHTOBYIO IIPUPOJY, UYTO yKa-
3bIBa€T HAa KBAHTOBYIO Ipupoay 10 MepHOro mpocTpaHcTBa, B KOTOPOM Mbl kuBeM. J[lokaza-
TEJILCTBOM 3TOTO CIYXHT KBaHTOBBIN 3¢ ekt /xanudekosa (cnaiin 8). Ha cnaiine npencrasie-
HBI 5 KaJpOB JBIKEHHS BpAILAIOLICHCs TaiiKK, KOTOpasi KBAHTOBBIM 00pa3oM MEHSET HalpaBJie-
HHUE OCH BpalleHus 4yepe3 Kaxabie 40 cM. MPOWIEHHOTO MYTH B COCTOSSHUM HEBECOMOCTH. DTO
MOXHO YBHJIETh B JMHaMHKE B (uiabMe http://www.youtube.com/watch?v=dL6Pt10 gSE&NR=1

CHSITOM B KaOWHE KOCMHYECKOro kopabis. HaGmromaemserii ahdekT He oOBsicHSIETCS Teopuei
rpaBuTanuy DWHIITEiHA. MaKpOKBaHTOBasi CTPYKTypa MPOCTpaHCTBAa HAOIIOAAeTCsl U B KBaH-
TOBaHUM CpelHUX paccTosHui oT CojHLIA O IUIAaHET W B HAKJIOHE OCEH BpAIlECHMs IUIAHET K
I10cKocTH 3kBaTopa ConHua.

r,=02851 AU

n=4 n=6 n=9 n=18
n=1 n=2 nN=3 n=5 n=8 n=10 n=20 n=3 n=67 n=105 n=138

|
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¢ 774 235 Va1 o7 oty 283 1245
| i
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G 1A 1B 1 2 3

Marcury Venus  Eorth  Mars Jopithigaigo SOV Uranus  Neptune  Pluto

S8 0 180 30 30 0 30 9 30 120

— KBaHTOBaHWe 0CM BpallleHUs rmpockona

Catizg 8

Ha cnaf/iz[e 8 BHU3Y CJICBA ITOKAa3aH SKCIICPUMCHT 110 KBAHTOBAHWIO HAIIPABJICHUA OCH BpalliC-
HUS TUPOCKOIAa IMPU UBMCHCHHNHU YaCTOTHI €0 BpalllCHUA.


http://www.youtube.com/watch?v=dL6Pt1O_gSE&NR=1

OcHoBHbI® CTaTLY Y KHUM MO HE@

~,

Dusuveckoro Bakyyma 1 TopeUeE Sy aiE

TEOPHA
PEAJIBHON
OTHOCHTE IBHOCTH

Cmatig 9

Ha cnaiine 9 nmpencraBiieHbl OCHOBHBIE ONyOJIMKOBAaHHBIE CTAaThU M MOHOTpaduu 10 TEOPUHU
®dusnueckoro Bakyyma. bonee onepaTHBHO M MOJPOOHO MOXKHO MO3HAKOMUTCS ¢ paboTaMu 1o
Teopun Bakyyma Ha caiiTax Www.shipov.com u www.trinitas.ru . Ha atux caiitax pacmomo-
JKEHBI CTaThbH aBTOpa, HamMcaHHbIe B nociennue 10-12 met u TpyaHO AOCTYMHBIE B IPYTUX HC-

touHukax uHpopmaruu. B kaure moero nocnegonarens E.A.['ybapeBa «Teopust peanbHO# OT-
HOCHUTEIBHOCTU» JOCTAaTOYHO MOJAPOOHO HM3JI0XKEHBI OCHOBBI BceoOmiel OTHOCUTENbHOCTH, KO-

TOpasi UCIOJIb3YET BpallaTelbHbIe KOOPIUHATEL @), @, ,@;, O,, 0,, 0,. xak snementsl 10 Mep-

HOT'O IPOCTPAHCTBA-BPEMEHH.

3. 3Hepl“l/lﬂ DOuU3n4eCcKoro BaKyyMa U I'CHEPATOPbI CBOOOHOM IHEP-
'
W3 coBpeMeHHOI KBaHTOBOM Teopuu cienyert, 4yro Ousnueckuii Bakyym, Oynydn 0CHOBHBIM

COCTOSTHUEM BCEX BHJIOB MaTe€puH, B CpelHEM 00JaaeT HYJIEBBIMU (PU3NYECKUMU XapaKTepH-
ctukamu. Tem He MeHee, Bakyym oGiiagaeT OeCKOHEUHOM SHEpruel HyaeBbIX KojaeOaHui.


http://www.shipov.com/
http://www.trinitas.ru/

VAVAVAVA
AW PR

S. K. Lamoreaux. PRL 78, 5 (1997).

absolue separation [u m]

Cmatig 10

Orta 3Heprus crnocodHa JeHCTBOBATh KaK Ha aTOMHbIC YPOBHHU (JeMOOBCKuit cusur [12]), Tak u
Ha MakpooObekThl (3 dext Kasumupa [13]). Ha cnaiine 10 cripaBa BBepXy MpeacTaBiICHbI HyJIe-
BbIe KoJicOaHMs dHepruu BakyyMma, KOTOpbIe MOXHO YBHJIETh Ha PACCTOSHUSIX MOPSIKA JITUHHBI

Inanka |, = (AG/ ¢®)"? =1.6-10°*m. Ecmu 651 MBI nvenn npubop ¢ yeemmaernem 10%*, To

MbI Obl YBUJIENH TMHAMUYECKYIO KapTHHY, IPEICTaBlIeHHYIO Ha ciaiine 9. B 1948 r. X . Kazumup
IIpeJICcKa3all CyIIECTBOBAHUE CHJIBI MPUTSDKEHUS MEXKIY ABYMs HE3apsDKEHHBIMH IJIACTMHKAMU
(cM. crmaiin 9) B 3aBUCHMOCTH OT IUIOMIAIH TUTACTUH U PaccTOSHUS Mexay HUMU. B 1996 r. ato
npezcKa3zaHue ObIO MOATBEPKICHO SKCHEPUMEHTATbHO. DTOT MAaKPOKBAHTOBBIA 3KCIEPUMEHT
MOKa3bIBAET, YTO CYIIECTBYET MPUHIMIIUAIBHAS BO3MOXHOCTh IMOCTPOUTH MAaKpOIpHOOp, KOTO-
pblit OyzeT nmpeoOpa3oBbIBaTh HEAECTEPMUHUPOBAHHYIO BaKyYyMHYIO SHEPTHIO0 B OOBIYHYIO Jie-
TEPMHHHPOBAHHYIO SHEPrUi0. Bo MHOTrHMX 1abopaTtopusx Mupa BOT YK€ HECKOJIBKO JIECATKOB JIET
YUEHbIE MBITAIOTCS MPEBPATUTH ATy «HEIAETEPMUHHPOBAHHYIO» YHEPTHIO B SHEPTUIO0 JI€TEPMU-
HUPOBAaHHYIO, KOTOPYIO MOXHO HCIOJIb30BaTh JUIsl MOJb3bl Jitoged. Oxnako Ilpupona modbur
MOWIYTUTh HaJ YYEHBIM MHUPOM, NPENOIHOCS MY, BpEMs OT BpPEMEHH, HEOXKHIaHHbIE OTKPBITHSI,
CENIaHHBbIE JIFOJIBMHU, JAJIEKUMH OT HayKH. [IpuMepoM MalmHbl, KOTOpasi MOJy4aeT SHEPTUIO U3
BakyyMa siBiisietcs Tecraruka Ilayna baymana.
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2. TOPCUOHFRAS SFRIERHNSINZIA
p=2 HJ')@WP*‘%P
lemepaTop IL.bayMAH: KANACTES
BakyyMa ¢ 1980 r. (IEeE

CymMapHas MOWHOCTL
740 KBT

Cnaiin 11

I'enepatop Tecraruka ObuT co3man B 1978 T. m cMacTepus ero 4acoBbIX Jen mactep [laynb
bayman Ha yeTBepTOM rofy 3aK/IIOUEHHUs B HMIBEHIIAPCKOMN TIOPbME U3 KOHCEPBHBIX OaHOK, KOTO-
pBI€ BBIMOIHSUIA POJIb KOHJIEHCATOPOB, OOPBHIBKOB IIPOBO/IOB U JieTaliell, COOpaHHBIX U3 Xjama B
TIOPEMHOW MacTepCKOW. B co3aaHHON UM XPUCTHAHCKO-PEIIMTHO3HOM KOMMYHE «MeTepHUTa) B
[Beiinapun ¢ 1980-x rogoB paboraioT yctpoiictBa, renepupytonie ot 200 Br. mo 30 KBt
3JIEKTPOIHEPTUU Ul OBITOBBIX HYXJ nocenka. CyMMapHas MOITHOCTh BCEX CUCTEM COCTaBIISIET
yxke 6osnee 750 Kunosatt (cnaiin 11). Takum o6pazom, B 1980 roay B Mupe nosiBUICS HaceleH-
HBII ITYHKT, KOTOPBII pa3 W HaBCerJa pelui1 3HepreTuyeckue npodsemsl. Ero xxurenn (Oynyun
JMJIETAHTaMH B HayKe) OTKAa3aJHCh OT TPAJUIIMOHHBIX BHJIOB TOIUIMBA U Pa3pyHIHIN MUQBI 00
YTPOKAIOILIEM HaM «3HEpPreTndeckoM Kpusucey». Cekper reHeparopa KOMMYHOW HE pacKpbIBaeT-
Csl 10 NMPUYMHE HEBEpUs YJICHOB KOMMYHBI B MUPHOE MCIIOJIb30BaHHE YEJIOBEUYECTBOM HOBOTO
WCTOYHWKA JHepruu. DunpM o paboTe reHeparopa TecTaTMKa MOXHO TIOCMOTPETh Ha caiTe
http://www.youtube.com/watch?v=AJgMSjGo3lg

TecraTuka siBISETCS MEPBOM B MUPE MAIIMHOW, MPOU3BOJAALICH «CBOOOIHYIO YHEPTUIO» M3
dusnueckoro Bakyyma, (aykTyanun KOTOporo, 1o npeicTaBiIeHUsSM COBPEMEHHOM HayKH, 00-
Jaat0T OECKOHEYHBIM KOJIMUYECTBOM SHEPIUU.
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http://www.youtube.com/watch?v=AJqMSjGo3Ig

[Nepeoavya aMeKNPOIHCRGAM
MO OLHOMY MPOBE/EN

DHepriusi Ha
BbIXO/€ JJAMIIbI

Carig 12

114 et Tomy Hazan H.tecma npeutosKuil 0IHOPOBOAHYIO Mepeaady snekTposneprun [15]. Ha
cmaiine 12 skcnepument Tecna 1o OIHONPOBOAHON Mepeaaye MEKTPOIHEPTHH TPEACTABICH B
MHUHHATIOpE. DKCIIEPUMEHTHI MOKa3alM, 4TO MIPHU TaKOW Nepeaaye 3IeKTPOIHEPTruH He paboTaroT:

1) 3akon Oma s IBYXIIPOBOTHOMN JINHUH,
2) 3akonbl Kupxrodda asst AByXIpOBOIHOM JTHHUH;
3) 3aKOH COXPaHEHUS NEKTPHICCKON SHEPTHUH.

Ha cmaiine 12 karymka Tecna motpe6mnsier 30 BaTT IEKTPOIHEPTHH, a K OJHOIPOBOIHOM JTH-
HUH TTOJIKITIOYECHBI 2 JIaMITbl THEBHOTO CBETa, MoTpedirsttone 64 BarTa aekrposHeprun. [Ipu
HOJKJIIOYEHUH JIOMOJHUTEIbHBIX UICTOUHUKOB SHEPIUU MOTpedsieHNe SHeprun Katymkoil Tecna
ocTaeTcs TeM K€ caMbIM. BBIXOAWT, YTO B YCTaHOBKE NMPOUCXOAMUT MPeoOpa3oBaHUE IIEKTPO-
sHepruu ¢ kodpdunuentom npeodpazoanus (KII) 6onpine eqununel. Ha cnaiine 14 KII=2.1,
XOTs Apyrue KOHCTPYKIMHU KaTymKu Tecna mo3BoJsA0T MOIyYUTh ropa3ao 00nbni kosgdumu-
€HT TIpeoOpa30BaHMs.
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IHEPrU1 B KATYIIKEMIES

WLe
k.

Coaiin 13

Ha cnaiine 13 mpeacrapiiena karymka Tecna, TeHepaTop UMITYJILCOB KOTOPOW MUTaeTCs O6ara-
peiikoii. TlorpeGisemas reHepaTopoM MOIIHOCTH Beero 1.7 Br. B ckansprHom mose S karymi-
ku Tecna ropar nBe namibl ¢ 06mel montHocTh S0 Br. CrneBa namna B pyke ucciaeaoBaTens siB-
asiercss o0bIYHOM aMmnoi HakanuBanus 110 V- u momHocTeio 25 Br.  CrpaBa Ha CTOJI€ JIEKHT
Jamra JHEBHOTO CBETa, MOMIHOCTBIO 25 BT. V at0#t ycranoBku KI1=29.4. ®unbm 00 skcrme-
PHUMEHTE MOXKHO IIOCMOTPETh Ha caiite http://www.youtube.com/watch?v=0zGwb0glcXg

HeBonpHO HampammBaeTcst BOIpOC, a moyemy Obl Iocie 3almycka CUCTEMBbl HE B3STh YacTh U3-
OBITOYHOI HHEpruu, renepupyemMoit karymkoil Tecna, 1 HarpaBUTh €€ Ha BXOJI, UCKJIIOUUB ITyC-
KOBYIO Oarapeiiky? B sToM ciydae cucrema JOJKHA TeHEpUpPOBaTh CBOOOJHYIO SHEPTHIO cama
no cebe, HarotoOue Tectaruku [ayns baymana.
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http://www.youtube.com/watch?v=ozGwb0glcXg

3aszemneHune

TR e

————— "
The KAPAGEN v3.2 with 1200 Wavts thalogenslamps ot the outpit
two 150 W 220 V halogen lamps and six 150 W 220 V light bulbs

A Kopanadze generator replication by Jean-Louis Naudin

June 5, 2010 - JLN Labs - www._jinlabs. org

Cmatig 14

Orta uzes Ovula peanuzoBaHa H.Tecna eme B 1931 r., xorna H.Tecna nocraBun sHepreruye-
CKYI0 YCTaHOBKY Ha aBTOMOOWIb M HCIOJIb30BAJ MOJYYEHHYIO 3JEKTPHUYECKYIO SHEPTHUIO UL
nepeaABHKEHHS] aBTOMOOUIIS ¢ TOMOILBIO AJIEKTPOMOTOPA.

B Harre Bpems ojj00Hast ycTaHOBKa ObuTa mpeiokena Tapusnem Kamananase (MOIMIHOCTE OT
5 KBt no 100 KBT1) wu, 3arem, noBropeHa apyrumu uccienoBarensimu. Ha cnaiine 14 crpasa
IIpeJICTaBJIeHa dHepreTuieckas ycraHoBka Kamananse momHuoctsio 1.2 KBT, coznannas JKanom-
JIyn HonuaoMm. YcTaHOBKAa MMEET OJWH BHELIHUM ITPOBOJ, UAYIIUN Ha 3a3emiieHue. B kauecTse
Harpy3KHU HCII0JIb30BaHbI 6 JaMI HakaiauBaHUs MOIHOCTHIO 150 Bt Hanpsxenuem 220 BonsT. B
WUHTEPHETE MOKHO HalTH HECKOJIBKO PEIUINK YCTaHOBKH Kanananze
http://www.youtube.com/watch?v=uxQ99R4gOWY &feature=related cmoTpu, Hanpumep,

http://www.youtube.com/watch?v=PqorIWIkhWI&feature=related

B pe3ynbTate HEMpUATHUS 3TUX SIBJICHUMN aKaJeMHUYECKOM HAyKOM, Mpollecc pa3BUTHs UIET B Ta-
KOM HaIpaBIIEHUH, YTO KaXIbIH HYXTAIOIIUICA B JHEPTUU OyJeT BBIHYKJEH MOKYIATh JeTalu
YCTAaHOBKM Ha PBIHKE U CaAMOCTOATENBHO MO CXeMmaM, MpelaraéMbIM B MHTEPHETE, CO3/aBaTh
HY>KHOW MOIIIHOCTU HMCTOYHHMKHU JJIEKTPUUYECKON SHEPruu. DHEPreTUYECKUE YCTAaHOBKH, Clie-
nanable Kanananze, umeror MmontHocTh 0T 3 10 100 KBT 1 310 naneko He npenen. [lo MEeHuUto
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http://www.youtube.com/watch?v=uxQ99R4gOWY&feature=related
http://www.youtube.com/watch?v=PqorIWlkhWI&feature=related

H.Tecna atu ycraHoBku, kak U mamuHa [1.baymana, ucrnomns3ytot suepruto 3¢upa (Pusnyuecko-
ro Bakyyma), npeBpaiiasi ee B 3JIEKTPUUECKYIO SHEPTHUIO.

3aK/JII0YeHue

Opnax el HetoToH cka3an Takue ciosa: «JInbo He HaJo rOBOPUTH HUYETO HOBOTO, JHOO BCIO
JKU3Hb HAJI0 MOTPATUTh Ha 3alIUTY CBOErO OTKPHITUS». Ha 3ammuty oT koro? OT 3aBUCTHUKOB?
Ot konkypeHTOB? OT nypakoB? Ho Beab OTKpBITHS TAaKOro Kijacca, Kak 3JEKTpOJIUHAMHUKa
Tecna, renepatopsl baymana unu Kananaze naioT yenoBedecTBY HEBEPOSITHBIE BO3MOMXHOCTH.
U, BUAMMO, IMEHHO 3TO SIBJISIETCS OCHOBHBIM MPEMATCTBUEM K UX BHEIPEHHUIO.

Bo Bpemena [[>xopaano bpyHo 3a OTKpBITHS JIIOAEH CKUTAIU HA KOCTPax, BO BpeMmeHa ["amies
ux cymd, a H.Tecna B Hayanie XX Beka 3a ero HEBepOsITHbIC U300pETeHUsI OOBUHSJIM B CBSI3U
¢ HeuucTtod cuioi! Bo BTopoil nonoBune XX B. TomunHa nocagunu B cyMacUleUInil 1IoM 3a
n300peTeHne U JeMOHCTPAIMI0O MHEPIHONI0B. bopnrOa Bemach M BeAETCS MPOTUB OTIEIBHBIX
TBOPLIOB HAayKH BCEMH, KTO YIIPaBIJISIET HALIMM CO3HAHHEM - LIEPKOBBIO, aKaJEMHUSIMHU U IPaBU-
TENbCTBAMH HEKOTOPBIX TOCY1apCTB.

Ceituac nieio 00pbrOBI ¢ HOBATOpaMH HAYKW NMPUHUMAET KAYECTBEHHO HOBBIM 000poT. boprorcs
YK€ HE C OTJIETbHBIMU JJUYHOCTSIMH, a C IEJIBIMUA HAMPABICHUSIMHU, HAITPUMEP, TakK ObLIO C TeHe-
TUKOM M KMOEpHEeTHKOM. Jlypak IUIaTUT ABAXIbl, a 3aBUCTJIMBBIM JypaKk — TPUKIBI, IIOITOMY
CxkonkoBo co3znaercs B Poccun Ha 50 net nozke CuiinkoHoBoi JlomHbl B AMepHKe.

Bot u teopus ®usnueckoro Bakyyma, a Takke CBA3aHHBIE C HEM AKCIIEPUMEHTAJIBHBIE U TEX-
HOJIOTUYECKHE HapaOOTKH, pa3BUBaeMble COTHSAMHU JtoAei, moutu 20 et «rHodstcs» Poccuii-
CKOM aKaJieMHil HayK ¢ MOJ4aiuBOro corjacusi Poccuiickoro rocynapcrsa. CoH pazyma pox-
JaeT YyJIOBUIIl, M YK€ CKOPO MbI YBUIUM, YEM 3aKOHUHUTCS ATO «MEHTaIbHOE MpaKoOecuey.

11.03.2011.
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Nikola TESLA’'s Radiations and
the Cosmic Rays

André Waser* Issued (German):  July 30", 2000
Last modification (English):  Aug. 08", 2000

Without doubt Nikola TESLA was one of the greatest experimenters in the
field of electricity. With his inventions of the alternating and polyphase
current with all his components for generation, transmission and consump-
tion devices TESLA has become famous around the world. TESLA was not
much interested in the world of business. He rather continued experiment-
ing for many years after his success with the alternating current systems,
while his experimental capabilities has only be restricted by his always
tight funds. Especially in his second part of life TESLA has elaborated and
realized experiments which have not been reconstructed until these days.
Some of them seems to be very promising to overcome the increasing chal-
lenges of our society in a better way. By studying many original papers of
TESLA this essay tries to reconstruct the visions and conclusions he has got
form his experiments.

Introduction

It is astonishing how little can be found in literary about the work of the world-wide
known Serbian inventor and experimenter. And this is even more astonishing because all
the today used electricity polyphase power systems has been invented in its basic charac-
teristics by Nikola TESLA at a time, whereas the whole world only did know the expen-
sive and very limited direct current systems of Thomas EDISON.

But after this inventions of alternating current systems TESLA has published many,
many papers, which are almost forgotten. This papers will be summarized and analyzed.
It is shown very impressive that TESLA with his experimental knowledge in physics was
far ahead of the theoretical physics of his time. Still today many phrases in this papers
have never been understood, has seldom be commented and some have become a mys-
tery.

Almost all publication of the modern world only look at TESLAs work with high fre-
quency and high voltage transformers, better known with the summary term ,, TESLA
coil“. But after his successful work with the magnetic rotary field TESLA has discovered
a new kind of rays which he called radiations.

It is characteristic for an experimental discoverer that he finds unexpected and new
facts and results due to measurements and experiments based on some new conceptual
ideas. Because TESLA‘s practical know-how was so far ahead of the theoretical know-
how, the communication to the established science was almost impossible. They didn‘t
simply understand! Probably because of this and also because of financial interests
TesLA almost stopped his publications in scientific newsletters since 1899 and since then
he only published some material in popular weekly or daily newspapers. Only in the
patents some deeper information can be found.

* André Waser, Birchli 35, CH-8840 Einsiedeln; Switzerland
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The Radiations

TESLA has used the term radiations for more than 40 years. From different statements
and interviews with TESLA always some pieces of information can be found about that,
what has kept him busy for the whole second part of his life. From the publications listed
in the appendix the following summary about the nature of the radiations can be given:

1. They are small particles of ,,infinitesimal“ size [57], [58].

2. They carry a small, positive charge, which is only a fragment of the elementary
charge [58], [65], [66].

3. They penetrate through substance almost without interactions [57], [62], [66].

4. They could achieve a speed far above of the speed of light [57], [58], [66]. This
velocity is only limited by the mass to charge ration of the particles [66].

5. They are the cause of radioactivity because they’re bombarding and destabiliz-
ing the nucleus of the atoms [54], [57].

6. They arrive the Earth form all directions [57], [66].

7. They are emitted form all the stars, therefore also form the sun. This is why this
radiation during day is a little bit higher than during night [57], [60], [66].

8. A small fraction of this radiation is absorbed by celestial bodies which causes
them to increase in masse and volume continuously [66].

9. They can be proved with vacuum tube experiments [57].

Later TesLAP! himself has mentioned 1897 as the year of discovery of the radiations.
When exactly Tesla was convinced to measure this radiations is not precisely known,
but should be between the years 1896-1897. What can be said for sure is that TESLA has
filed two patents™**2 where he describes the utilization of this radiations in a crude
way.
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Figure 1: Nikola TesLA, ,Apparatus for the Utilization of Radiant Energy”, US-Patent
685,957, issued on November 05,1901, Fig. 2

Also known is, that TESLA presented in his speech before the Institution of Electrical
Engineers in London — where he explained many experiments he has done with some
special kind of bulbs —an experiment where radiant matter is emitted form a single
electrode within a partly evacuated glass bulb (Figure 2).
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Figure 2: Nikola TesLA, ,Experiments with Alternate Currents of High Potential and High
Frequency”, February 03/04, 1982

Then Tesla mentioned not only the cormic space as the source of this radiation but also a
glass tube with one single electrode!*1F94,

Figure 3: Nikola TEsLA, ,Apparatus for the Utilization of Radiant Energy*, US-Patent
685,957, issued on November 05, 1901, Fig. 4

Consequently TesLA experimented for decades with vacuum tubes. In his Colorado
Springs Notes™! P? three drawings can be found about a simple connected tube with
different surrounding constructions (reflectors). This note carries the title ,,Arrangements
with single terminal tube for production of powerful rays.“ The purpose of this experi-
ments can be found in the last sentence: ,,The capacity would be such as to bring about
maximum rise of e.m.f. on the free terminal.”
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Figure 4: Nikola TEsLA, ,Colorado Springs Notes"; page 29, June 06, 1899.
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37 years later (July 11", 1937, New York Times, page 13) he still writes about the suc-
cessful construction of a powerful tube with supplementary circuitry which can be
operated with voltages far above 100000000 volts.

Obviously the key to TESLA's radiations lies in his earlier experiments with high fre-
quency currents and voltages. Therefore this passages of his papers, which could proba-
bly bring more light on this enigma, should now be examined more closely.

In his first lecture!®® before the American Institute of Electrical Engineers on May
20" 1891 TesLA describes merely his inventions and discoveries with partly evacuated
glass bulbs. He describes the fascinating properties of Professor CROOKES‘s radiometer.
He founds, that the bombardment of the residing charges within the glass bulbs cause the
heat production at the spherical single electrode of his spherical bulbs. Until these days
he has perfected the production of high frequency generation with high voltages to
examine leading experiments with cathode rays.

One must remember this area at the beginning of the last century full of new discov-
eries. The atom was totally unknown except that it can not be decomposed into smaller
parts. The constituents of an ,.electric flux“ (LENARD rays, named after Philip LENARD
1862-1947) in a vacuum tube was totally unknown. Then in August 1874 George
Johnstone STONEY!™ has postulated with his examinations of electrolytic liquids a
certain small amount of electricity E,, which he named in October 1894 with the name
Lelectron“. William Crookes!? published 1878 and 1879 his experiments with cath-
ode rays. Wilhelm Conrad ROENTGEN™ discovered new penetrating rays on November
08, 1895. And some months later Antoine Henri BEcQUEREL™ speaks on February 24™,
1896 before the French Academy of Science about a new radiation emitted form phos-
phorescent materials. Then in October 1897 Joseph John THomsoN"? has first con-
firmed the existence of the electron.

Different experiments with vacuum tubes and photographic plates has characterized
this time of discoveries. With his high frequency lighting system TESLA already has had
a broad experimental experience with vacuum tubes and high voltage equipment. Obvi-
ously TESLA has forced his experiments to higher and higher frequencies and voltages.
The original lamp more and more transformed into electron tubes which has later on be
built by TESLA in hundreds of variants. With the use of his high voltage systems TESLA
was able to accelerate electrons to extremely high velocities.

TESLA has produced many photographs with his powerful electron tubes but despite
of some sharp shadows on his photo plates he did not recognize the new kind of X-rays,
which later has been reported by ROENTGEN. Then with the anouncement of ROENTGEN
the main focus of TESLA was directed away from electron rays toward the discovery of
new rays. Probably TeEsLA did not firstly report of this new kind of rays because of the
fire in March 13 1896 in his New York laboratory which has destroyed almost all
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apparatus and papers totally. So the official discovery of the X-rays has been done by
ROENTGEN. This was TESLA"s first missed Nobel price.

In the year 1896 TESLA published a remarkable series of articles in the New York
Electrical Review about his work with ROENTGEN rays. Soon on March 11, 1896 he
presented his first Roentgen pictures which he has produced with his high frequency
coils and vacuum tubes. Obviously the peculiar construction of his vacuum tube with
only one single electrode is very important. TESLA writes abut it?”: »Clearly, if we put
two electrodes in a bulb ..., we limit the potential, for the presence not only of the anode
but to any conducting object has the effect of reducing the practicable potential on the
cathode.«

A week later on March 18, 1896 TesLA®! describes that he can produce radiographs
at a distance up to 40 feet. At that time this was an enormous distance for the transmis-
sion of Roentgen rays through air.
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Figure 5: One of Tesla‘'s Roentgen tubes with one single electrode (from [30]).

On the 1% of April TesLA®! shows that ROENTGEN rays can be reflected. He made
his experiments not only with conducting reflectors. According to TESLA the insulator
Ebonite has the same reflection index as copper. This shows, that besides the ordinary
reflection of ROENTGEN radiation TESLA has produced a secondary effect today known
as Back Scattering Electrons (BSE). This BSE effects depends solely of the reflector‘s
density and not on its conductivity. And this was also mentioned by TESLA. Then TESLA
reports that he did not succeed with the deflection of ROENTGEN rays despite the fact he
has used many different kinds of glass lenses.

On April 8" he reports more on the impossibility of the deflection of ROENTGEN rays
and also writes about experiments® with multi-layered metal reflectors. But despite of a
great effort it was not possible to reflect more that a few percent of the incoming rays.

On April 22™ TesLA®! believes that the LENARD and ROENTGEN rays are almost
identical, except that the ROENTGEN rays do have a much higher velocity. In addition he
postulated that the order of the reflecting metals due to their reflection capabilities are
equal to the series of voltage elements according to Alessandro VOLTA. From this TESLA
concluded that the ROENTGEN rays are made of the same agent as that, what is responsi-
ble for the different voltages between two metals. With this he was partly correct and
partly not, as we know today. Obviously he mixed the ROENTGEN radiation (electromag-
netic waves or high energy photons) with the electrons, but he recognized correctly, that
the reflected particles (BSE electrons) are identical to the particles (valence electrons)
which cause the voltage between different metals.

This publication®® of TesLA is also of a particularly interest in connection with his
later statements® ! about the sun.
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On June 08" TESLA describes the source of the ROENTGEN rays as this place, where
the LENARD rays impact the first time on an obstacle. This obstacle could be the glass
wall of the vacuum tube or a metal plate placed within the tube. Today this radiation is
well known as bremsstrahlung, but at the time of TESLA's experiments and years later
this was not known in theoretical science.

On August 12" 1896 TesLAP" is absolutely sure about the corpuscular nature of the
ROENTGEN rays and presents eleven reasons for this. The ROENTGEN rays consists of the
same but much faster particles than the LENARD rays. Also TESLA reports the exposure of
photo plates up to a distance of 30 meters.

On December 02™ 1896 TesLA® describes the particle nature of the ROENTGEN rays
in more details. Now he distinguished the ROENTGEN rays clearly between the LENARD
rays and he compares the ROENTGEN rays similar to the disassociation process of Lord
KELVIN‘s aether atoms!™. This particles of a ,,primordial form“ are created after the
impact of Lenard rays on an obstacle and then they have different intensities and veloci-
ties.

On April 06™ 1897 TesLA gave a lecture before the New York Academy of Sciences
entitled with The Streams of Lenard and Roentgen and Novel Apparatus for Their
Production, which has never been published by him in a written form. A reconstruction
of this lecture has been done by Leland ANDERSONEY., In this lecture TESLA has made a
very astonishing claim, then he said, that he has succeeded to deflect the LENARD rays as
well as the X-rays with a magnet. This has been published by the Electrical Engineer®®!
in a short notice on April 14™ 1897 as well as by the Electrical Review with the same
date® and again on August 09" 18971,

On May 05" 1897 TesLAP®! assigned a small electric charge to the particles of the
ROENTGEN rays and states, that this rays are able to transmit a huge amount of electricity.

Then on August 11" 1897 TesLAP* confirms again his statements in the lecture of
April 06" about the deflection of ROENTGEN rays with magnetic fields and promises to
publish this experiments to a later time. But unfortunately a publication about this very
important experiments has never been done, as far as the author knows. In opposite, from
this time on TESLA's publications has been dried up for decades. One reason for this was
certainly the protection for further patent applications for the utilization of this rays, then
a mayor part of TEsLA‘s financial income was derived from (sometime only hoped)
patent license fees.

Analysis

Many things points to the fact, that TESLA has observed the classical ROENTGEN rays as
an effect of the Bremsstrahlung. His particle theory was as correct as the wave theory,
then today we know of the quatisized nature of the electromagnetic radiation and it is
common to describe light with photons. It seems as TESLA has recognized the particle
character of electromagnetic radiation correctly. TESLA has used the following causal
chain for the description of the production and effects of ROENTGEN rays:

1. The LENARD rays consists of sub-atomic particles analogue to the KELVIN’S
aether vortexes, which travel with a velocity between hundred and several thou-
sands kilometers per second.

2. If this particles of the LENARD rays impact on an obstacle then this particles are
disassociated and the result of the impact are much smaller particles, which now
travels with higher speed than the particles of the LENARD rays.
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3. Not all particles of the LENARD rays are disassociated on the first obstacle. The
thicker the obstacle the intense are the resulting ROENTGEN rays.

4. This smaller particles correspond to the ROENTGEN radiation. It is not possible to
deflect ROENTGEN radiations with glass lenses but they can be reflected on con-
ducting surfaces.

5. This granular ROENTGEN rays are capable to charge distant ball capacitors posi-
tively. Therefore the particles of the ROENTGEN rays are charged positively.
Thus the rays of LENARD and ROENTGEN are very similar in nature.

6. If the ROENTGEN rays are composed of electric positive and fast particles, it must
be possible to deflect this rays with magnets. According to TESLA this can be
proved with a sensitive measuring device.

Now we try to translate TESLA's causal chain into the terminology of today‘s physics:

1. The LENARD rays consists of electrons, which can travel close to the speed of
light if the accelerating voltage is high enough.

2. If this electrons impact on an obstacle they are highly accelerated. The result of
the impact are emitted high energy photons (bremsstrahlung) which now travels
wit the speed of light.

3. Not all electrons are absorbed in the first obstacle. The thicker the obstacle is
made the longer is the (negative) acceleration of the electrons and the intense is
the resulting ROENTGEN radiation.

4. This high energy photons correspond to the ROENTGEN rays. The frequency
range of this photons is far above visible light. Therefore ROENTGEN radiation
can be deflected with optimized crystal lenses (1912 discovered by Max von
LAUE) but not by ordinary glass lenses. They also can be reflected on metallic
surfaces.

5. This high energy photons are able to knock out electrons form distant conduc-
tors so that this conductor is charged positively.

6. Electromagnetic waves, and therefore also the photons, can not be deflected with
magnetic fields. But a rotation of the light‘s polarity can be done (known as
FARADAY effect).

Except the last point all of TESLA‘s statements are well known today and can be ex-
plained by known physical models. The decisive question lies in the deflection of such
rays which TESLA called ROENTGEN rays with magnetic fields.

Only once TesLA®! gives probably a hint about a possible experimental device.
There he references to a ball-shaped vacuum tube developed by him without a metallic
anode or cathode, which he has presented® in 1892 on the first time (figure 6).

If the tube is exited with his high frequency coils for a certain time between some
hours and a few weeks, a thin sensible light can be observed in this tube which can be
compared best with a brush. This week light stream is never in rest but is always moving.
The positions of this light reacts very sensitive on external magnetic fields. If, for exam-
ple, the bulb hangs down straight to the Earth‘s center, the Earth‘s magnetic field forces
the light brush to rotate clockwise.

If TESLA really has used such sensitive devices for the measurement of the deflection
is not known for certain. Also a text passage of his lecture held on April 06" 1897 which
was reprinted in the Electrical Engineer® does not gives more help. Then it is also
possible that TESLA has deflected electrons or ions with a magnetic field, which then has
charged a distant capacitor.
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Figure 6: Nikola Tesla, ,Experiments with Alternate Currents of High Potential and High
Frequency”, February %, 1982; the rotating brush bulbs

If TESLA‘s observations are correct, then he has produced at least two different effects
outside his vacuum tube under high voltage pressure. One effect was the high frequency
ROENTGEN radiation and the other effect was of a corpuscular nature. Then the corpuscu-
lar effects are only detectable for very high accelerating voltages for the electrons in the
vacuum tubes, if this electrons impact at the end of the tube with high energy and not
release the whole energy into the ROENTGEN radiation due to bremsstrahlung. The
simultaneous appearing of two different effects could explain many inconsistencies of
TESLA‘s statements. Once the fresh discovered Roentgen rays can be deflected by a
magnet, an other time not. Once a photographic plate can be exposured at a distance of
over 30 meter through air without problems?”, an other time this is only possible for
close plates. Later TESLA recognized this parallel effects and has decided to proceed
further with the particle ray model only which does not diminish with the 1/r law as
known from electromagnetic radiations. This particle rays can be focused so that they are
able to transmit large amounts of energy without losses®®. We can suppose that TesLA™!
was able to make such transmissions with voltages of 4 million volts at his New York
laboratory already in the year 1898.

Some phenomena of this TESLA experiments can be explained with today‘s knowl-
edge. The main difficulty for a further analysis is the mixing in his original papers of the
effects of electromagnetic waves and of the effects of particle beams. As long as not
more information is available we only can speculate now which particles represent
TESLA's radiations.

Which particles TESLA has generated and transmitted form one point to an other?
When looking at his enormous voltages it is clear that TESLA has worked with some kind
of a linear accelerator for electrical charges which was able to accelerate electrons up to
energies of 2..4MeV. Later TESLA has worked with voltages of 10MV, what makes even
higher electron energies possible. And if the particles are electrically charged, there is the
next problem, then TESLA clamed, that the charge of such a particle is only a fraction of
the elementary charge (of an electron). Beneath the quarks no elementary particles with a
smaller charge than the elementary charges are known.

There has been the suggestionst’? ™ that TesLA’s radiations can be interpreted as
neutrinos but also other particles are possible candidates for this radiations. Then neutri-
nos doesn’t have an electrical charge and only a small rest mass (energy). Despite to the
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fact that neutrinos do fit well to most characteristics of the radiations listed in the first
section of this chapter it is not very likely that they constitute the main part of TESLA’S
radiations.

It is still not possible to say exactly how TESLA has find his statements about the cor-
puscular nature of the radiations. If, for example, we compare a statement TESLA’s!®®!
about the conservation of electrical charge, then it is also possible to interpret this state-
ment in an other way. There TESLA has claimed that the electric charge is growing with
increasing velocity and that the velocity of such charges easily can exceed the speed of
light. The author!™! has shown, that this view of TESLA can be interpreted from a conven-
tional standpoint and that therefore this statement TESLA’s should not be weighed to
much.

And finally on one occasion TesLA®? describes the radiations similar to small ball
lightning or, in modern words, as high-density charge clusters known from Kenneth
SHouLDERS!™®),

It can be concluded from the above analysis the TESLA’s radiations are particle rays
consisting of minute charges and do not have many in common with an electromagnetic
wave or photons. But this is all what can definitively be said about the nature of the
radiations. Probably an other discipline of physics about the cosmic rays, which are very
close connected to Tesla’s radiations, can provide more information.

The Cosmic Rays

These radiations — which reach the Earth from all directions from outer space — are the
fundament on which TESLA has founded his ideas for the utilization of a new and eco-
logical energy source since the year 1900. Again TESLA was ahead of his time then only
in 1912 Viktor Franz Hess!" has succeeded to prove to existence of cosmic rays with
balloon experiments by rising balloons carrying electrometers in board on an altitude of
about 17500 feet and later up to 28'000 feet. For this investigations HESs has been
nominated for Nobel price of physics in 1936. This is the third missed Nobel price for
TESLA.

The source of this cosmic rays, as this rays are called today in science, are at least for
its high energy constituents still in discussion!, the measuring methods too. The cosmic
rays close to Earth are measured with balloons or satellites and with a more indirect
method by the measurement of its secondary radiations in the atmosphere.

The composition of this cosmic rays is complex. In terms of numbers there predomi-
nate the photons and neutrinos as well as the lighter particles as electrons or positrons but
also protons and alpha particles. But also much heavier nucleus as for example iron can
be found. Outside of the Earth’s atmosphere the particles of the cosmic rays travel close
to the speed of light and therefore some of them have a very high kinetic energy. But still
today it is not known in detail what is the cause for the propelling force which drives the
COSMic rays.
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Figure 7: Energy spectra (intensity) of cosmic rays on measured Earth surface; from
ERLYKIN A. D and A. W. WOLFENDALE, , The origin of cosmic rays"”, European
Journal of Physics 20 (1999) p410

The very high particles with much more kinetic energy than the main part of the cosmic
rays can be seen clearly (please note the logarithmic scales in figure 7). The distribution
of the different particles relative to the numbers of Silicium is shown in figure 8.

Now, due to the Earth’s magnetic field the electrons are deflected far away from the
Earth and do either pass the Earth or do come in more in the polar regions (aurora
borealis). If the cosmic rays in outer space may be electrically neutral in average, as it is
commonly suggested, then it is even possible that the heavier particles really reaching
wide areas of the Earth (i.e. not polar areas) and there a net positive electrical charge can
be measured in atmosphere.

This has been observed by TesLAI®. Therefore he suggested the sun and other stars
are charged positively and they continuously emit positive charges into space. This
charges are then absorbed by the relatively negative charged planets. According to
TesLA®! the sun would have an electrical charge of 5.0-10" CouLomBs whereas the
relative charge of the sun against the Earth is ,,only* 216-10° CouLoms’s. The question
how he has determined this values he has never answered.
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Figure 8: Relative distribution of the positive ions of cosmic rays on Earth’s surface;
from ERLYKIN A. D and A. W. WOLFENDALE, , The origin of cosmic rays"“, Euro-
pean Journal of Physics 20 (1999) p411
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Probably TesLAP? has determined this values with an experiment he reported in January
1901. Here he writes about a remarkable property of elevated ball capacitors. According
to his publication the capacity increases with its height about ground with ~0.5% per feet.
But this is not all. In addition it is possible to measure a seasonal and a daily variation of
the capacity. The seasonal variation shows a maximum in summer and a minimum in
winter and the daily variation has its maximum during night. With this experiments
TESLA didn’t measure the capacity C of the elevated sphere directly. He has always
measured the resonance frequency of the sphere capacity together with his coil arrange-
menti**140%18% £ he rised the sphere he has in turn needed to remove some windings of
one of his coils to establish the same resonant frequency as before. The dependency of
the capacity from the relative position to the sun is interesting. Because there are no more
data available the author can only assume that TESLA has determined the charge of Earth
and sun with this measurings.

TESLA’s assumed the potential difference between sun and Earth (and also between
the sun and other planets) is the cause for an electric current of positive particles.
TesLA® has then taken an analogy of this electric current through space to Earth with
one of his patents™ about a lighting system with only one supplying wire. And accord-
ing to his thoughts this energy should not fall on Earth without a technical use. Merely
this cosmic particle rays should somehow be collected — for example with apparatus
described in a patent™ — and infused to Earth through a transformer to obtain electrical
energy to drive machinery.

Because of the ionizing characteristic of the incoming high energy proton radiation
many decay by-products are built when the protons collide with gas molecules of the
upper atmosphere. From this incoming rays the atmosphere is finally charged slightly
positive whereas the Earth has a slightly (relative) negative charge. Because of this on the
Earth surface there always are some free electrons available which play an important role
in nature.

Figure 9: Driving an electrostatic motor wit the positive electric field of the atmosphere;
from JEFIMENKO Oleg D., American Journal of Physics 39 (July 1971) p.777

With an abstract formulation the solar wind can be regarded as a superimposition of
positive and negative direct currents from which a small fraction is available on Earth’s
surface. If we check this model with the method described in TesLA’s patent!*? to receive
the radiations, it is clear, that with this solar wind alone not energy is available. Oleg
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Jerimenko®! (figure 9) has shown with a particular rotating device that the simple
collection of electrons in the near-Earth atmosphere can be done by using electretes (the
electric analogy to the permanent magnet). With this rotating machine it was possible to
draw the atmosphere’s electrical energy directly into mechanical motion with a maxi-
mum power output of about 100 watts.

But a real analogy to TESLA’s lighting patent™ is only given, when not the direct
current feature of the solar wind is used, but instead a novel, not recognized and from
TesLA® postulated alternating current capability of the cosmic rays would be imagined.
Then not the transport of charges to Earth itself is important but merely their longitudinal
oscillations between sun and Earth. Then in analogy to TesLA’s patent™™ the solar wind
is considered as the required oscillating medium (air). This now would be a real longitu-
dinal wave consisting of oscillating charges.

Then the primary force does not act with a constant push but as an alternating source.
About the frequency of this oscillation TEsSLA didn’t not give further information. Shortly
before his death he has made the following statement®®: »The effects at great elevations
are due to waves of extremely small lengths produced by the sun in a certain region of
the atmosphere. This is the discovery | wish to make known.« Today we know that the
atmosphere has two ,windows* which can be passed well by electromagnetic radiation.
The best known window lies in the range of the visible light and encloses a side window
which covers a part of the infrared spectra. The second window lies in the short wave
and ultra-short wave frequency range of 3MHz up to 3GHz. According to the patent'®
TESLA‘s experiments in Colorado Springs has also been executed with frequencies of
about 5MHz. This is just in the second window. But this is only a week declaration then
the searched longitudinal waves could also use other windows not suitable for electro-
magnetic radiation. For the search of the frequency one statement may be of interest, then
TesLA®™ mentioned that in the year 1900 — this is during the experiments in Colorado
Springs — he has worked with wave lengths of one or two millimeters which corresponds
to an average frequency of about 300GHz.

If such longitudinal waves between the celestial bodies really exists then every planet
would be in contact with other planets and with other stars with this waves. Such a model
is compliant with some older models of natural science — for example with astrology —
but is not known in today’s science. On the other hand the author does not know any
measurements on the cosmic rays where superimposed high frequency oscillations have
been searched.

Primary and Secondary Cosmic Rays

TesLA®Y explains his model about the cosmic rays in two steps. If the primary rays
collide with particles and atoms in space in-between sun and Earth a secondary radiation
is created. According to Tesla this unknown primary rays are the cause of the ordinary
cosmic rays for example reported by BoTHE and KOHLHORSTER™. In addition TesLAPY
says that this primary rays are the cause of radioactivity.

Accordingly the candidates for this arriving cosmic rays are high energy positively
charged ions and atom nucleus which then causes the secondary radiation observed close
to Earth’s surface. The cause for this high energy cosmic rays is not known exactly still
today. FRIEDLANDER! for example describes the wide uncertainty as follows: »No model
yet satisfactorily encompasses all of our knowledge. The changing views of partisans in
this long-running debate provide a fascinating insight into the swings of fashion and
consensus. What | outline here is the model that now has wide support; it provides a
framework within which to plan further observations and to judge the significance of
each peace of evidence. ... Supernovas are now generally considered to be the best
candidates for Cosmic Ray sources, either directly or indirectly. The evidence is circum-
stantial but persuasive, comprehensive but not yet compelling.«
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And still today in the year 2000 the source of this high energy rays is not known bet-
ter. Some time ago there has been popped up the idea™™! that TeSLA’s described
characteristics of the radiations could be covered completely with the neutrino. The
propelling force of the cosmic particle rays can at least partly be explained with interac-
tions with also emitted neutrinos. This could help to explain the cause of the cosmic
particle acceleration. Then in terms of TESLA the neutrinos could be the energy source
(primary rays) of the steady accelerated particles (secondary rays). According to actual
modelsi™” the energy radiated away by the sun consists of about 97% of photons and
particles. The remaining three percent are radiated with the kinetic energy of neutrinos.
But actually only 50..70% of the expected neutrinos seems to reach the Earth™, the
others get somehow “lost” during their journey through space.

With a world-wide great effort the neutrino flux through Earth is measured with dif-
ferent detectors since over thirty years. It we now imagine that they interact with other
matter in space during their flight and gives off more and of their kinetic energy away to
this matter, it can probably be explained why on Earth less neutrinos are detected than
expected by physical models. At least in a qualitative way the problem of missing solar
neutrinos can be explained with the absorption of cosmic particles.

In this way the neutrinos may deliver a part of the propelling energy to the high en-
ergy cosmic rays, which has traveled a long way until they reach the Earth. A direct
coupling to this neutrino flux seems to be a theoretical possibility to tap a new source of
energy! @™ but this is extremely difficult to do with the technology available today.
And because it is expected that the neutrino flux represents only about 3% of the total
solar energy output, they stand not in first line as candidates for tapping the cosmic rays.

Longitudinal Wave Coupling to the Cosmic Rays

A coupling on the herein postulated longitudinal oscillations of the cosmic rays could
rather be done than a coupling to the neutrino flux. And probably it was this what
TesLAP%intended to do with his project “Magnifying Transmitter” in Wardencliffe.

To sum it up it can be said the following assumption: If TESLA speaks of electric lon-
gitudinal waves similar to sound waves then he really means a longitudinal oscillation of
charged particles, which are the transport medium for energy transmission. At least this is
the case with his experiments about a conductor-less (wireless) transmission of energy®”
or of the system of electric lighting™™® using only a one-wire supply. In all these cases the
involved charges of the Earth, the atmosphere or even in his partly evacuated tubes
oscillate in a longitudinal direction. Therefore not a new longitudinal electric field with a
high range must be searched but merely longitudinal forces with a short range, namely
to reach the next charge. So each receiving charge in turn becomes to a transmitting
charge (similar to HUYGEN’s principle!® of wave propagation in a medium). In opposite
to the models of radio wave technology over large distances a TESLA wave needs matter
(i.e. charges) for an optimal expansion. Therefore in an absolute vacuum no longitudinal
waves are possible, or the range of this wave becomes very short. And this oscillating
matter for TESLA’s longitudinal waves are the cosmic rays itself.

The formula of a longitudinal effect of a moving and accelerating charge on an other
free charge are knownt™. This effect diminishes with a spherical radiation if there are
no more charges in-between. But if it is somehow arranged that the longitudinal oscilla-
tions are aligned and focussed in a certain direction the whole energy of the transmitter
oscillations is transported to a receiver without mayor losses and without diminishing
with the distance. If TEsLAP?% intended to drive his death rays®® with such longitudi-
nal waves is not known for certain.

On this point a new consideration of figure 2 and 3 can be done. It can be imagined
that TESLA didn’t only collect the static available charges of the atmosphere and draws
them through a linear load as for example done by JEFIMENKO. He has operated his
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radiations receiver as an oscillator with interrupter circuitry. And if one is only interested
to collect free charges one does not continuously break the (direct) current flow. This
alternating oscillation induction in the receiver does only make sense if one is interested
in resonance coupling!

A coupling to a new and clean cosmic energy source, as TESLAM®® has mentioned
over decades, means a coupling to the hypothetical longitudinal oscillations of the
cosmic rays which reach the Earth day and night from all directions. If this oscillations
really exists is not known. But if they exist, then the author is convinced, that they can be
used to tap a new energy source on Earth as well as in outer space. Only with detailed
and strongly focussed measurement on Earth (or in space) more information can be
obtained about the feasibility of TESLA’S visions.
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Appendix: Chronological Selection of important Statements of
Nikola TESLA about Radiations and Cosmic Rays

It may be helpful for the reader, if he does not have to search all the referenced publica-
tions and quotations of TESLA with troublesome work. For this a condensed selection of
important original passages of his publications are reprinted here. They are not complete
but the author hopes the may animate the reader to read more original papers of TESLA.
Then, the reader will soon recognize that some texts do correspond, some not. This is the
reason why an exact interpretation and translation into today’s knowledge is very diffi-
cult.

81  20. Mai 18911 » We are whirling through endless space, with an in-
conceivable speed, all around us everything is spinning, everything is moving,
everywhere there is energy. There must be some way of availing ourselves of this
energy more directly. Then, with the light obtained from the medium, with the power
derived from it, with every form of energy obtained without effort, from the store
forever inexhaustible, humanity will advance with giant strides. The mere contempla-
tion of these magnificent possibilities expands our minds, strengthens our hopes and
fills our hearts with supreme delight.«

§2  03/04 February 1892%: »Ere many generations pass, our machinery
will be driven by a power obtainable at any point of the universe. This idea is not
novel. Men have been led to it long ago by instinct or reason. It has been expressed
in many ways, and in many places, in the history of old and new. We find it in the
delightful myth of Antheus, who derives power from the earth; we find it among the
subtle speculations of one of your splendid mathematicians, and in many hints and
statements of thinkers of the present time. Throughout space there is energy. Is this
energy static or kinetic? If static our hopes are in vain; if kinetic — and this we know
it is, for certain — then it is a mere question of time when men will succeed in attach-
ing their machinery to the very wheelwork of nature.«

83 18 March 1896[%2: »“| state this merely for the sake of correctness of
my communication, but, as far as the general truth of the fact of taking such a
shadow at the distance given is concerned, your caption might as well stand, for | am
producing strong shadows at distances of 40 feet. | repeat, 40 feet and even more.
Nor is this all. So strong are the actions on the film that provisions must be made to
guard the plates in my photographic department, located on the floor above, a
distance of fully 60 feet, from being spoiled by long exposure to the stray rays.« ...
»We have to deal here, evidently, with a radiation of astonishing power, and the
inquiry into its nature becomes more and more interesting and important.« ... »In my
attempts to contribute my humble share to the knowledge of the Roentgen phenom-
ena, | am finding more and more evidence in support of the theory of moving mate-
rial particles. It is not my intention, however, to advance at present any view as to
the bearing of such a fact upon the present theory of light, but | merely seek to
establish the fact of the existence of such material streams in so far as these isolated
effects are concerned. | have already a great many indications of a bombardment
occurring outside of the bulb, and | am arranging some crucial test which, I hope,
will be successful. The calculated velocities fully account for actions at distances of
as much as 100 feet from the bulb, and that the projection through the glass takes
place seems evident from the process of exhaustion, which | have described in my
previous communication. An experiment which is illustrative in this respect, and
which | intended to mention, is the following: If we attach a fairly exhausted bulb
containing an electrode to the terminal of a disruptive coil, we observe small stream-
ers breaking through the side of the glass. Usually such a streamer will break
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through the seal and crack the bulb, whereupon the vacuum is impaired; but, if the
seal is placed above the terminal, or if some other provision is made to prevent the
streamer from passing through the glass at that point, it often occurs that the stream
breaks out through the side of the bulb, producing a fine hole. Now, the extraordi-
nary thing is that, in spite of the connection to the outer atmosphere, the air can not
rush into the bulb as long as the hole is very small. The glass at the place where the
rupture has occurred may grow very hot — so such a degree to soften; but it will not
collapse, but rather bulge out, showing that a pressure from the inside greater than
that of the atmosphere exists. On frequent occasions | have observed that the glass
bulges out and the hole, through which the streamer rushes out, becomes so large as
to be perfectly discernible to the eye. As the matter is expelled from the bulb the
rarefaction increases and the streamer becomes less and less intense, whereupon the
glass closes again, hermetically sealing the opening. The process of rarefaction,
nevertheless, continues, streamers being still visible on the heated place until the
highest degree of exhaustion is reached, whereupon they may disappear. Here, then,
we have a positive evidence that matter is being expelled through the walls of the
glass.«

84 22 April 1896 »...we shall be justified to draw the following conclu-
sions: first, the highly exhausted bulb emits material streams which, impinging on a
metallic surface, are reflected; second, these streams are formed of matter in some
primary or elementary condition; third, these material stream are probably the same
agent which is the cause of the electromotive tension between metals in close prox-
imity or actual contact, and they may possibly, to some extent, determine the energy
of combination of the metals with oxygen; fourth, every metal or conductor is more
or less a source of such streams; fifth, these streams or radiations must be produced
by some radiations which exist in the medium; and sixth, streams resembling the
cathodic must be emitted by the sun and probably also by other sources of radiant
energy, such as an arc light or Bunsen burner.«

85  March 1897 »But we shall not satisfy ourselves simply with improv-
ing steam and explosive engines or inventing new batteries; we have something much
better to work for, a greater task to fulfill. We have to evolve means for obtaining
energy from stores which are forever inexhaustible, to perfect methods which do not
imply consumption and waste of any material whatever. Upon this great possibility,
upon this great problem, the practical solution of which means so much for human-
ity, I have myself concentrated my efforts for a number of years, and a few happy
ideas which came to me have inspired me to attempt the most difficult, and given me
strength and courage in adversity. Nearly six years ago my confidence had become
strong enough to prompt me to an expression of hope in the ultimate solution of this
all-dominating problem. | have made progress since, and have passed the stage of
mere conviction such as is derived from a diligent study of known facts, conclusions
and calculations. |1 now feel sure that the realization of that idea is not far off. But
precisely for this reason | feel impelled to point out here an important fact, which |
hope will be remembered.«

86 14 April 1897B: Mr. Tesla stated, that he had also succeeded in de-
flecting the Roentgen rays by a magnet. He had proved this by deflecting the rays
into a condenser placed a long distance from the source of the rays, and which in 5
seconds was charged sufficiently to throw a galvanometer needle off the scale.

§7 14 April 18978%: Mr. Tesla announced two important discoveries re-
lating to the Roentgen rays. First, he said he had discovered a new and powerful
source of the rays in an electric arc formed under peculiar conditions. The second
discovery was the deflection of the Roentgen rays by means of a magnet. This
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discovery is particularly important in establishing the identity of the Roentgen rays,
and those discovered by Lenard in 1891, and is, therefore, one of the most valuable
contributions to our knowledge of these rays. ... To a few interested scientific men
Mr. Tesla showed a great number of diagrams illustrating experiments he had per-
formed which tended to prove the correctness of the views he holds in regard to the
Roentgen phenomena being caused by material particles projected with great veloc-

ity.

88 05 May 1987"%: »We have absolute experimental evidence that parti-
cles or rays, to express myself generally, convey an immense amount of electricity,
and | have even found a way of how to estimate and measure that amount.«.

89 11 August 189724 “| did, however, on that occasion [6. April 1897
vor der New York Academy of Science, Anm. d. Autors] illustrate and describe
experiments in which was shown the deflectibility of the Roentgen rays by a magnet,
which establishes a still closer relationship, if not identity of the rays named after
these two discoverers.”

8§10 30 November 18985 »As to the idea of rendering the energy of the
sun available for industrial purposes, it fascinated me early but | must admit it was
only long after I discovered the rotating magnetic field that it took a firm hold upon
my mind. In assailing the problem | found two possible ways of solving it. Either
power was to be developed on the spot by converting the energy of the sun’s radia-
tions or the energy of vast reservoirs was to be transmitted economically to any
distance. Though there were other possible sources of economical power, only the
two solutions mentioned offer the ideal feature of power being obtained without any
consumption of material. After long thought I finally arrived at two solutions, but on
the first of these, namely, that referring to the development of power in any locality
from the sun’s radiations, | can not dwell at present.« ... »l, namely, at once ob-
served that the air, which is a perfect insulator for currents produced by ordinary
apparatus, was easily traversed by currents furnished by my improved machine,
giving a tension of something like 2,500,000 volts. A further investigation in this
direction led to another valuable fact; namely, that the conductivity of the air for
these currents increased very rapidly with its degree of rarefaction, and at once the
transmission of energy through the upper strata of air, which, without such results as
I have obtained, would be nothing more than a dream became easily realizable. This
appears all the more certain, as | found it quite practicable to transmit, under
conditions such as exist in highest well explored, electrical energy in large
amounts.«

811 30 January 1901°%: Ever since everything has been known about elec-
tricity, scientific men have taken for granted that the capacity of an electrical conduc-
tor is constant. When Tesla was experimenting in Colorado Springs he found out that
this capacity is not constant — but variable. ... »The capacity is increased as the
conducting surface was elevated, in open space, from one-half to three-quarters of 1
per cent per foot of elevation. In buildings, however, or near large structures, this
increase often amounted to 50 per cent per foot of elevation. ... Far more interesting,
however, for men of science is the fact | observed later, that the capacity undergoes
an annual variation with a maximum in summer, and a minimum in Winter. ...
Furthermore | observed that there was a diurnal variation with a maximum during
the night. Further, | found that sunlight causes a slight increase in capacity. The
moon also produces an effect, but | do not attribute it to its light. ... | find that this
variation of the capacity and consequently of the vibration period is evidently de-
pendent, first, on the absolute height above sea level, though in a smaller degree;
second, on the relative height of the conducting surface or capacity with respect to

Page 20 copyright © (2000) by André Waser; www.andre-waser.ch



the bodies surrounding it; third, on the distance of the earth from the sun, and
fourth, on the relative change of the circuit with respect to the sun, caused by the
diurnal rotation of the earth.«

812 02 February 1901“%: «The process of light production is, according to
my views, as follows: The street current is passed through a machine which is an
electrical oscillator of peculiar construction and transforms the supply current, be it
direct or alternating, into electrical oscillations of very high frequency. These oscil-
lations, coming to the metallically-coated ends of the glass tube, produce in the
interior corresponding electrical oscillations, which set the molecules and atoms of
the inclosed rarefied gases into violent commotion, causing them to vibrate at enor-
mous rates and emit those radiations which we know as light. The gases are not
rendered incandescent in the ordinary sense, for if it were so, they would be hot, like
an incandescent filament. As a matter of fact, there is very little heat noticeable,
which speaks well for the economy of the light, since all heat would be loss.« ... »It is
a remarkable feature of the light that during the day it can scarcely be seen, whereas
at night the whole room is brilliantly illuminated. When the eye becomes used to the
light of these tubes, an ordinary incandescent lamp or gas burner produces a violent
pain in the eye when it is turned on, showing in a striking manner to what a degree
these concentrated sources of light which we now use are detrimental to the eye. |
have found that in almost all its actions the light produces the same effects as
sunlight, and this makes me hopeful that its introduction into dwellings will have the
effect of improving, in a measure now impossible to estimate, the hygienic condi-
tions. Since sunlight is a very powerful curative agent, and since this light makes it
possible to have sunlight, so to speak, of any desired intensity, day and night in our
homes, it stands to reason that the development of germs will be checked and many
disease, as consumption, for instance, successfully combated by continually exposing
the patients to the rays of these lamps.«

813 21 March 1901: »The sun, as well as other sources of radiant energy
throw off minute particles of matter positively electrified, which, impinging upon the
upper plate, communicate continuously an electrical charge to the same. The oppo-
site terminal of the condenser being connected to ground, which may be considered
as a vast reservoir of negative electricity, a feeble current flows continuously into the
condenser and inasmuch as the particles are charged to a very high potential, this
charging of the condenser may continue, as | have actually observed, almost indefi-
nitely, even to the point of rupturing the dielectric. «

8§14 07 January 1905M: »This invention, which | have described in techni-
cal publications, attempts to initiate, in a very crude way, the nervous system in the
human body.« ... »That electrical energy can be economically transmitted without
wires to any terrestrial distance, | have unmistakably established in numerous
observations, experiments and measurements, qualitative and quantitative. These
have demonstrated that it is practicable to distribute power from a central plant in
unlimited amounts, with loss not exceeding a small fraction of one per cent in the
transmission, even to the greatest distance, twelve thousands miles — to the opposite
end of the globe. This seemingly impossible feat can now be readily performed by
any electrician familiar with the design and construction of my “high-potential
magnifying transmitter”, the most marvelous electrical apparatus of which | have
knowledge, enabling the production of effects of unlimited intensities in the earth and
its ambient atmosphere. « ... »But the fact, that stationary waves are producible in
the earth is of special and, in many ways, still greater significance in the intellectual
development of humanity. Popularly explained, such a wave is a phenomenon gen-
erically akin to an echo — a result of reflection. It affords a positive and uncontro-
vertible experimental evidence that the electric current, after passing into the earth
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travels to the diametrically opposite region of the same and rebounding from there,
returns to its point of departure with virtually undiminished force. The outgoing and
returning currents clash and form nodes and loops similar to those observable on a
vibrating chord.«

815 19 May 19074 »It would not be difficult to convey to one of our lin-
ers, say, 50’000 horsepower from a plant located at Niagara, Victoria or other
waterfall, absolutely irrespective of location. In fact, there would not be a difference
of more than a small fraction of one per cent, whether the source of energy be in the
vicinity of the vessel or 12’000 miles away, at the antipodes.«

816 21 April 1908 »According to an adopted theory, every ponderable
atom is differentiated from a tenuous fluid, filling all space merely by spinning
motion, as a whirl of water in a calm lake. By being set in movement this fluid, the
ether, becomes gross matter. Its movement arrested, the primary substance reverts to
its normal state. It appears, then, possible for man through harnessed energy of the
medium and suitable agencies for starting and stopping ether whirls to cause matter
to form and disappear.«

817 18 May 1917 »Years ago | was in the position to transmit wireless
power to any distance without limit other than that imposed by the physical dimen-
sions of the globe. In my system it makes no difference what the distance is. The
efficiency of the transmission can be as high as 96 or 97 per cent, and there are
practically no losses except such as are inevitable in the running of the machinery.
When there is no receiver there is no energy consumption anywhere. When the
receiver is put on, it draws power. That is the exact opposite of the Hertz-wave
system. In that case, if you have a plant of 1,000 horsepower, it is radiating all the
time whether the energy is received or not; but in my system no power is lost.«

818 August 191711 »At the time of those test | succeeded in producing the
most powerful X-rays ever seen. | could stand at a distance of 100 feet from X-ray
apparatus and see the bones of the hand clearly wit the aid of a fluoroscope screen;
and | could have easily seen them at a distance several times this by utilizing suitable
power. In fact, | could not then produce X-ray generators to handle even a small
fraction of the power | had available. But | now have apparatus designed whereby
this tremendous energy of hundreds of kilowatts can be successfully transformed into
X-rays.«

8§19 February 1919 »In the summer of 1897 Lord Kelvin happened to
pass through New York and honored me by a visit to my laboratory where | enter-
tained him with demonstrations in support of my wireless theory. He was fairly
carried away with what he saw but, nevertheless, condemned my project in emphatic
terms, qualifying it as something impossible, * an illusion and a snare’. | had ex-
pected his approval and was pained and surprised. But the next day he returned and
gave me a better opportunity for explanation of the advances | had made and of the
true principles underlying the system | had evolved. Suddenly he remarked with
evident astonishment: ‘Then you are not making use of Hertz waves?’ Certainly not,
I replied, these are radiations. No energy could be economically transmitted to a
distance by any such agencies. In my system the process is one of true conduction
which, theoretically, can be effected at the greatest distance without appreciable
loss.«

8§20 June 19195 »In a more restricted meaning this wireless transmitter
is one in which the Hertz-wave radiation is an entirely negligible quantity as com-
pared with the whole energy, under which condition the damping factor is extremely
small and an enormous charge is stored in the elevated capacity. Such a circuit may
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then be exited with impulses of any kind, even of low frequency and it will yield
sinusoidal and continuous oscillations like those of an alternator. Taken in the
narrowest significance of the term, however, it is a resonant transformer which,
besides possessing these qualities, is accurately proportioned to fit the globe and its
electrical constants and properties, by virtue of which design it becomes highly
efficient and effective in the wireless transmission of energy. Distance is absolutely
eliminated, there being no diminution in the intensity of the transmitted impulses. It
is even possible to make the actions increase with the distance from the plant accord-
ing to an exact mathematical law.« ... »On this occasion | would contradict the
widely circulated report that the structure was demolished by the Government which
owing to war conditions.« ... »1 would add further, in view of various rumors which
have reached me, that Mr. J. Pierpont Morgan did not interest himself with me in a
business way but in the same large spirit in which he has assisted many other pio-
neers. He carried out his generous promise to the letter and it would have been most
unreasonable to expect from him anything more.« ... »My project was retarded by
laws of nature. The world was not prepared for it. It was too far ahead of time. But
the same laws will prevail in the end and make it a triumphal success.«

8§21 25 February 192354 »| had perfected a wireless receiver of extraordi-
nary sensitiveness, far beyond anything known, and | caught signals with | inter-
preted as meaning 1—2—3—4.«

§22 16 October 19277 »Notwithstanding my repeated explanations ex-
perts do not seem to realize that no concentration of energy such as | attain in my
wireless power system can or will ever be achieved through the instrumentality of
reflectors, for in transmitting energy in this manner the receiver can collect only an
amount proportionate to the area exposed to the rays, while in my system it draws
the energy from an immense reservoir in ever so much greater quantity.«

§23 22 September 19295 »Up to 1896, however, | did not succeed in ob-
taining a positive experimental proof of the existence of such a medium. But in that
year | brought out a new form of vacuum tube capable of being charged to any
desired potential, and operated it with effective pressures of about 4,000,000 volts. |
produced cathodic and other rays of transcending intensity. The effects, according to
my view, were due to minute particles of matter carrying enormous electrical
charges, which, for want of a better name, | designated as matter not further decom-
posable. Subsequently those particles were called electrons.«

8§24  April 193054 He holds that radio-activity is due, not to forces in the
substances themselves, but to a cosmic ray, the discovery of which he announced in
1897. In other words, an element like Radium emits radiations merely because the
cosmic ray impinges upon it, producing these secondary effects. The element itself
has no such energy, it all comes from the cosmic ray. Tesla says, that he has proved
the existence of this rays by mathematical analysis and experiment, finding both in
perfect agreement. It would seem to follow, from Tesla’s theory, that the radiation
from radium, or similar bodies, would change from place to place on the globe; and
this has recently proved to be an actual fact, as determined by a Russian investigator.
Tesla assured the writer in a recent interview, that through a new discovery he has
perfected rays of tremendous power, penetrating through miles of solid substances,
will become available shortly, by the use of his high potential cathode tube, without a
target.

825 July 1931: Time, pp27-28: »I’m working to develop a new source of
power. When | say a new source, | mean that | have turned for power to a source
which no previous scientist has turned, to the best of my knowledge. The conception,
the idea when it first burst upon me was a tremendous shock. It will throw light on
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many puzzling phenomena of the cosmos, and may prove also of great industrial
value, particularly in creating a new and virtually unlimited market for steel.« Tesla
said it will come from an entirely new and unsuspected source, and will be for all
practical purposes constant day and night, and at all times of the year.

826 07. November 19315%: Tesla disagreed with the part of the Einstein
Theory which states that the mass of an object increases with its speed. The mass of a
body is unalterable, contended Dr. Tesla, according to the article, »otherwise energy
could be produced from nothing, since the kinetic energy acquired in the fall of a
body would be greater than that necessary to lift it at a small velocity.«

8§27 December 1931F%: »1t was clear to me many years ago that a new and
better source of power had to be discovered to meet the ever increasing demands of
mankind. In a lecture delivered before the American Institute of Electrical Engineers
at Columbia University May 20, 1891, | said: “We are whirling through endless
space with inconceivable speed, all around us everything is spinning, everything is
moving, everywhere is energy. There must be some way of availing ourselves of this
energy more directly. Then, with the light obtained from the medium, with the power
delivered from it, with every form of energy obtained without effort, from the store
forever inexhaustible humanity will advance with giant strides.” | have thought and
worked with this object in view unremittingly and am glad to say that | have suffi-
cient theoretical and experimental evidence, that my efforts of years will be rewarded
and that we shall have at our disposal a new source of power, superior to the hydro-
electric, which may be obtained by means of simple apparatus everywhere and in
almost constant and unlimited amount.«

8§28 06 February 1932F7: »When radioactivity was discovered, it was
thought to be an entirely new manifestation of energy limited to a few substances. |
obtained sufficient evidence to convince me that such actions were general and in
nature the same as those exhibited by my tubes. In these, minute corpuscles, regard-
ing which we are still in doubt, are shot from a highly electrified terminal against a
target where they generate Roentgen or other rays by impact. Now, according to my
theory, a radioactive body is simply a target which is continuously bombarded by
infinitesimal bullets projected from all parts of the universe, and if this, then un-
known, cosmic radiation could be wholly intercepted, radioactivity would cease. |
made some progress in solving the mystery until in 1899 | obtained mathematical
and experimental proofs that the sun and other heavenly bodies similarly condi-
tioned emit rays of great energy which consist of inconceivably small particles ani-
mated by velocities vastly exceeding that of light. So great is the penetrative power of
these rays that they can traverse thousands of miles of solid matter with but slight
diminution of velocity. In passing through space, which is filled with cosmic dust,
they generated a secondary radiation of constant intensity, day and night, and
pouring upon the earth equally from all directions. As the primary rays projected
from the suns and stars can pass through distances measured in light-years without
great diminution of velocity, it follows that whether a secondary ray is generated
near a sun or at any distance from it, however great, its intensity is the same. Conse-
quently, if our sun, or any other, would be snuffed out of existence, it would have no
appreciable effect on the secondary radiation. The latter is not very penetrative and
is partly absorbed by the atmosphere. According to my determinations, its intensity
beyond the atmosphere is about 50 per cent greater than at sea level. The whole
atmosphere being equivalent to about 36 inches of lead, it is easy to determine the
intensity of this radiation by making a measurement of the penetration at any known
altitude. This theory is borne out strictly in experiments with my vacuum tubes, but
even if | did not have such proofs | would consider it plausible.«
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§29 10 July 1932F%: »| have harnessed the cosmic rays and caused them to
operate a motive device«, declared Nikola Tesla, famous scientist, in an interview
last evening on the eve of his 76" birthday. »Cosmic ray investigation is a subject
that is very close to me. | was the first to discover these rays and | naturally feel
toward them as | would toward my own flesh and blood.«, said Dr. Tesla. ... Dr.
Tesla stated that the amount of power he was able to develop in the device was
insignificant. | asked him if its power output was of the same magnitude as that of
Crookes* radiometer, the device with four vanes in a glass tube that are rotated by
sunlight, and which is often seen in jewelers* windows. He stated that the power
output was many thousand times that of a Crookes‘ radiometer. »The attractive
features of the Cosmic rays is their constancy. They shower down on us throughout
the whole 24 hours, and if a plant is developed to use their power it will not require
devices for storing energy as would be necessary with devices using wind, tide or
sunlight. All of my investigations seem to point to the conclusion that they are small
particles, each carrying so small a charge that we are justified in calling them
neutrons. They move with great velocity, exceeding that of light. More than 25 years
ago | began my efforts to harness the cosmic rays and | can now state that | have
succeeded in operating a motive device by means of them.« | was able to prevail
upon Dr. Tesla to give me some idea of the principle upon which his cosmic ray
motor works. »I will tell you in the most general way«, he said. »The cosmic ray
ionizes the air, setting free many charges — ions and electrons. These charges are
captured in a condenser which is made to discharge through the circuit of the mo-
tor.«

830 10 September 19335 »My first and most important discovery con-
cerns the harnessing of a new source of power, hithero unavailable, to be developed
through fundamentally novel machines of my invention. ... My power generator will
be of the simplest kind — just a big mass of steel, copper and aluminum, comprising a
stationary and rotating part, peculiarly assembled. ... Such a source of power ob-
tainable everywhere will solve many problems with which the human race is con-
fronted.«

8§31 02 November 1933 A principle by which power for driving the ma-
chinery of the world may be derived from the cosmic energy which operates the
universe, has been discovered by Nikola Tesla, noted physicist and inventor of
scientific devices, he announced today. This principle, which taps a source of power
described as ,,everywhere present in unlimited quantities” and which may be trans-
mitted by wire or wireless from central plants to any part of the globe, will eliminate
the need of coal, oil, gas or any other of the common fuels, he said. ... The central
source of cosmic energy for the earth is the sun, Dr. Tesla said, but »night will not
interrupt the flow of the new power supply«.

8§32 July 1934%Y: »Some years ago | urged the experts engaged in the
commercial application of the wireless art to employ very short waves, but for a long
time my suggestions were not heeded. Eventually, though, this was done, and gradu-
ally the wave lengths were reduced to but a few meters. Invariably it was found that
these waves, just as those in the air, follow the curvature of the earth and bend
around obstacles, a peculiarity exhibited to a much lesser degree by transverse
vibrations in a solid. Recently, however, ultra-short waves have been experimented
with and the fact that they also have the same property was hailed as a great discov-
ery, offering the stupendous promise of making wireless transmission infinitely
simpler and cheaper. It is of interest to know what wireless experts have expected,
knowing that waves a few meters long are transmitted clear to antipodes. Is there
any reason that they should behave radically different when their length is reduced
to about half of one meter? As the knowledge of this subject seems very limited, |
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may state that even waves one or two millimeters long, which | produced thirty-four
years ago, provided that they carry sufficient energy, can be transmitted around the
globe. This is not so much due to refraction and reflection as to the properties of a
gaseous medium and certain peculiar action.« ... »l have disintegrated atoms in my
experiments with a high potential vacuum tube | brought out in 1896 which | con-
sider one of my best inventions. | have operated it with pressures ranging from
4,000,000 to 18,000,000 volts. More recently | have designed an apparatus for
50,000,000 volts which should produce many results of general scientific impor-
tance.« ... »And as for the cosmic ray: | called attention to this radiation while
investigating Roentgen rays and radioactivity. In 1899 | erected a broadcasting plant
at Colorado Springs, the first and only wireless plant in existence at that time, and
there confirmed my theory by actual observation.« ... »| have satisfied myself that the
rays are not generated by the formation of new matter in space, a process which
would be like water running up hill. According to my observations, they come from
all the suns of the universe and in such abundance that the part contributed to our
sun is very insignificant by percentage. Some of these rays are of such terrific power
that they can traverse through thousands of miles of solid matter. They have, fur-
thermore, other extraordinary properties. This ray, which I call the primary solar
ray, gives rise to a secondary radiation by impact against the air and the cosmic dust
scattered through space. It is now commonly called the cosmic ray, and comes, of
course, equally from all directions in space. If radium could be screened effectively
against this ray it would cease to be radioactive.«

8§33 11 July 19342 The beam of force itself, as Dr. Tesla described it, is a
concentrated current — it need be no thicker than a pencil — of microscopic particles
moving at several hundred times the speed of artillery projectiles. The machine into
which Dr. Tesla combines his four devices is, in reality, a sort of electrical gun. He
illustrated the sort of thing that the particles will be by recalling an incident that
occurred often enough when he was experimenting with a cathode tube. Then,
sometimes, a particle larger than an electron, but still very tiny, would break off from
the cathode, pass out of the tube and hit him. He said he could feel a sharp, stinging
pain where it entered his body, and again at the place where it passed out. The
particles in the beam of force, ammunition which the operators of the generating
machine will have to supply, will travel far faster than such particles as broke off
from the cathode, and they will travel in concentrations, he said. ... Such beams or
rays of particles now known to science are composed always of fragments of atoms,
whereas, according to Dr. Tesla, his would be of microscopic dust of a suitable sort.
The chief differentiation between his and the present rays would appear to be, how-
ever, that his are produced in free air instead of in a vacuum tube. The vacuum tube
rays have been projected out into the air, but there they travel only a few inches, and
they are capable only of causing burns or slight disintegration of objects which they
strike. ... He had, he said, detected »certain motions in the medium that fills space,
and measured the effects of this motions«. The results of the experiments had led his
»inescapably« to the conclusion that such bodies as the sun are taking on mass more
rapidly than they are dissipating it by the dissipation of energy in heat and light. He
pointed out that his theory means a future for the earth as different from the general
belief as the future of the sun. It is generally held that life on the earth will cease
when the sun grows so cold that the earth temperature drops to a point where life can
no longer be supported. Dr. Tesla prophecies that life on the earth will cease because
the planet will grow too warm to support life, and he believes that life will then begin
on outer planets now too cold.

834 February 1935 »| want to state explicitly that this invention of mine
does not contemplate the use of any so-called ‘death rays’. Rays are not applicable
because the cannot be produced in requisite quantities and diminish rapidly in
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intensity with distance. All the energy of New York City (approximately two million
horsepower) transformed into rays and projected twenty miles, could not kill a
human being, because, according to a well known law of physics, it would disperse
to such an extent as to be ineffectual. My apparatus projects particles which may be
relatively large or of microscopic dimensions, enabling us to convey to a small area
at a great distance trillions of times more energy than is possible with rays of any
kind. Many thousands of horsepower can thus be transmitted by a stream thinner
than a hair, so that nothing can resist. This wonderful feature will make it possible,
among other things, to achieve undreamed-of results in television, for there will be
almost no limit to the intensity of illumination, the size of a picture, or distance
projection.«

835 03 March 1935!%: »There exists, however, an element of incertitude
which in itself is sufficient to invalidate completely the results obtained and of which
Dr. Kolhoerstert does not seem to have thought. Light is a wave motion of definite
velocity, determined by the elastic force and density of the medium. Cosmic rays are
particles of matter, the speed of which depends on the propelling force and mass and
may be much smaller or greater than that of light. Consequently, there can be no
concordance in the phases of the two disturbances at the place of observation. The
cosmic rays, generated during the maximum brightness of the star, may reach the
place many centuries sooner or later than the light, according to their speed.«

836 11 July 19351 Cosmic rays, he asserted, he found are produced by
the force of »electrostatic repulsion«; they consist of powerfully charged positive
particles which come to us from the sun and other suns in the universe. He deter-
mined, »after experimentation«, he added, that the sun is charged »with an electric
potential of approximately 215,000,000,000 volts, while the electric charge stored in
the sun amounted to approximately 50,000,000,000,000,000,000 electrostatic units.«

8§37 18 August 19351 »Condensation of the primary substance is going
on continuously, this being in a measure proved, for | have established by experi-
ments which admit of no doubt that the sun and other celestial bodies steadily in-
crease in mass and energy and ultimately must explode, reverting to the primary
substance. ...l finally ascertained with a reasonable degree of certitude, and to my
amazement, that the sun was at a constant positive potential of about
216,000,000,000 volts. Thus the secret of the cosmic rays was revealed. Owing to its
immense charge, the sun imparts to minute positively electrified particles prodigious
velocities which are governed only by the ratio between the quantity of free electric-
ity carried by the particles and their mass, some attaining a speed exceeding fifty
times that of light.« ... »The greatest mistake is made in the appraisal of the energy of
cosmic rays. In most cases the ionizing action is used as a criterion, which is useless,
for the most powerful cosmic rays virtually do not ionize at all and leave no trace of
their passage through the instrument. | have resorted to different means and meth-
ods and have found that the energy of the cosmic radiations impinging upon the
earth from all sides is stupendous, such that if all of it were converted into heat the
globe quickly would be melted and volatilized. Since expressing, in 1896, my ideas
on the origin and character of cosmic rays and of the cause of radioactivity, all my
views have been confirmed by my own findings and those others, while numerous
theories advanced have been proved false or inadequate.«

T TesLa probably points to the references below:
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751-777
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§38 12 July 1937%": »My most important invention from a practical point
of view is a new form of tube with apparatus for its operation. In 1896 | brought out
a high potential targetless tube which | operated successfully with potentials up to 4
million volts from 96 to "98.« ... »At a later period | managed to produce very much
higher potentials up to 18 million volts, and then | encountered insurmountable
difficulties which convinced me that it was necessary to invent an entirely different
form of tube in order to carry out successfully certain ideas | had conceived. This
task I found far more difficult than I had expected, not so much in the construction as
in the operation of the tube. For many years | was baffled in my efforts, although |
made a steady slow progress. Finally though, | was rewarded with complete success
and | produced a tube which it will be hard to improve further. It is of ideal simplic-
ity, not subject to wear and can be operated at any potential, however high, that can
be produced. It will carry heavy currents, transform any amount of energy within
practical limits, and it permits easy control and regulation of the same. | expect that
this invention, when it becomes known, will be universally adopted in preference to
other forms of tubes, and that it will enable the production of cheap radium substi-
tutes in any desired quantity and will be, in general, immensely more effective in the
smashing of atoms and the transmutation of matter. However, this tube will not open
up a way to utilize atomic or subatomic energy for power purposes. It will cheapen
radium so, that it will be just a cheap — well, it will get down to $1 a pound, in any
quantity.« Expressing annoyance that some newspapers had indicated he would ‘give
a full description” of his atom-smashing tube at yesterday’s luncheon, Dr. Tesla said
he was bound by financial obligations ‘involving vast sums of money’ against
releasing this information. »But it is not an experiment. | have built, demonstrated
and used it. Only a little time will pass before I can give it to the world.«

839 22 August 1937 »While the origin and character of the rays ob-
served near the earth’s surface had thus been sufficiently well ascertained, the so-
called cosmic rays observed at great altitudes presented a riddle for more than
twenty-six years, chiefly because it was found they increased with the height at a
rapid rate. My investigations brought out the astonishing fact that the effects at high
altitude are of an entirely different nature, having no relation whatever to cosmic
rays. These are particles from celestial bodies at very high temperatures and
charged to enormous electrical potentials.« It might be remarked parenthetically that
Dr. Tesla does not accept the concept of the electron presented by physicists as an
elementary unit and carrying a unit charge of electricity. He holds that the electron in
a well-exhausted tube operated at high potential carries many multiples of this unit
charge. The ignorance of this fact is responsible for many errors and fallacies in
various scientific investigations. »The effects at great elevations«, Dr. Tesla contin-
ued, »are due to waves of extremely small lengths produced by the sun in a certain
region of the atmosphere. This is the discovery | wish to make known. The process
involved in the generation of the waves is the following: The sun projects charged
particles constituting an electric current which passes through a conducting stratum
of the atmosphere approximately ten kilometers (six miles) thick enveloping the
earth. This is a transmission of electrical energy exactly as | illustrated in my ex-
perimental lecture in which one end of a wire is connected to an electric generator of
high potential, its other end being free. In this case the generator is represented by
the sun and the wire by the conducting air. The passage of the solar current involves
the transference of electrical charges from particle to particle with the speed of light,
resulting in the production of extremely short and penetrating waves. As the air
stratum mentioned is the source of the waves it follows that the so-called cosmic rays
observed at great altitude must increase as this stratum is approached.«
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Famous Scientific Illusions

In this original and revolutionizing discussion, Nikola Tesla gives us something really new to think about.

By NIKOLA TESLA

l'ritten specially for the Electrical Experimenter

First—Does the moon

rotate on its axis? Second—Is the Franklin pointed lightning rod correct in theory and operation? Third—Do wireless signals fly
thru space by means of so-called Hertzian waves in the cther, or are they propagated thru the earth at prodigious velocity by means

of earth-bound oscillations?

HE human brain, with all its won-
derful capabilities and power, is far
from being a {faultless apparatus.
Most of its parts may be in perfect

working order, but some are
atrophied, undeveloped or missing alto-
gether, Great men of all classes and pro-

-

Frg. 1

It Is Well Known That the Moon, M., Always Turns the Same Face
Toward the Earth, E, as the Black Arrows Indicate.
Rays From the Sun llluminate the Moon In Its Successive Orbital
Positlons as the Unshaded Seml.clircles Indicate.
Mind, Do You Belleve That the Moon Rotates on Its Own Axis?

fessions—scientists, inventors, and hard-
headed financiers—have placed themselves
on record with impossible theories, inopera-
tive devices, and unrealizable schemes. It
is doubtiul that there could be found a
single work of any one individual free of
error, There is no
such thing as an
infallible brain.
Invariably, some |
cells or fibers are £
wanting or unre- =
sponsive, with the =

no such thing,

result of impair-
ing judgment,
sense of propor-
tion, or some
other faculty. A
man of genius

eminently prac-

World-famous ¢ q
greatest scientists. Dr. Tesla explains these three predominant scientific fall

moon revolved around its axis,

So it is with Tesla's discovery.
us that the ancient and time-worn theory advance
conductor is not substantially correct as viewed by latter day science,
even to our prolessors that the lightning rod actual
The reason is that the lightning rod helps in ionizing (

Mr, Tesla has devised a lightning conductor with no points, and there is no doubt whatso-
ever that his theory is right. Scientists the world over will acknowledge this very shortly.
me In a third section of the same paper Tesla her p 1

drums th

them.

electric current according to a childishly
simple rule. The writer, who was known

to recite entire volumes by heart, has never
been able to retain in memory and re-
capitulate in their proper order the words
designating the colors of the rainbow, and
can only ascertain them after long and la-

The Parallel the Earth, E; the

Bearing This In

borious thought, strange as it may seem.

Our organs of reception, too, are defi-
cient and deceptive. As a semblance of life
is produced by a rapid succession of inani-
mate pictures, so many of our perceptions
are but trickery of the senscs, devoid of

Considered as Embedded In a Solid Mass, M,. |

Belleved, the Moon Rotates, This Would Be Equally True For a

Portlon of the Mass M. and the Part Common _to Both Bodles
Would Turn Simultaneously In “Opposite’ Directions.

which have been answered in many ways by some of the
acies in a masterly way, so that everyone can understand

rcality. The greatest triumphs of man
were those in which his mind had to free
itself from the influence of delusive ap-
pearances. Such was the revelation of
Buddha that self is an illusion caused hy
the persistence and continuity of mental
images: the discovery of Copernicus that,

Flg. 2.—Tesla's Conception of the Rotaticn of the Moon, M, Around

Moon, In This Demonstration H‘ypothesls. Belng

As Commonly

contrary to all observation, this planet ro-
tates around the sun; the recoznition of
Descartes that the human being is an
automaton, governed by external influ-
ence and the idca that the earth is spherical,
which led Columbus to the finding of this

continent. And

tho the minds of

L QI Ll T e

OR over a century and a half the whole world, educated and otherwise, thought that the
Nikola Tesla in the present highly instructive article dis-
proves that theory and will convince scientists and all others alike tbat the moon does

For thousands of years it was thought that the sun and stars revolved around the earth and
all kinds of experimental proofs were furnished to substantiate this theory.
Galileo thought different, and everyone today knows that the earth revolves around the sun,
Tesla also, in the second part of the present paper, shows
d by Benjamin Franklin as to the lightning
It will come as a shock
lly aids the lightning in hitting the building.

ki ductive) the surrounding air.

10

individuals  sup-
plement one an-
other and science
and cxperience are
continually elimi-
nating fallacies
and misconcep-
tions, much of our
present knowledge
is still incomplete
and unreliable. We
have sophisms in
mathematics which

The illustrious

RO

delusion, viz,, that

plodes still t

T TURMARRRRRRI 1111

tical, whose P
is a household wireless waves follow the curvature of the carth when messages are transmitted, let us say from cannot be dis-
‘ord. has attad a point in the United States to a point in Europe. In his revolutionary arguments, supported by = red Ev :
word, has wasted facts as well as by logic, Tesla shows why the currents do not travel around the carth but = proved. wvenoan
the best years of directly thru it. In other words, Tesla maintains that wireless ication is lished § pure reasoning.
his life i - ONLY thru the medium of the earth itself, His contention seems very sound. I it were not so, f it} st 1-
h e 1n a vi 9 H 4 . & by £ ree ol the shor
g i de Kk let every wireless station, commercial or otherwise, do away with its ground connection. None s f e
ary ”"f crtax- could then operate as is well known, except perhaps over very limited distances, 2 Cnl‘!\lllgS o1 sym
A celebrated Mr. Tesla's present article will arouse world-wide comment due to_the revolutionary = bolic processes,
physicist was philosophy contained therein. We are sure our readers will appreciate Mr. Tesla’s most timely . fu 2
paysicist was 4 Y 3 iel his hut little und tood bject = we arc olten ar
. .].‘GML’ of tracing and illuminating article on this but little understood subject, E rested h), doubt
& : H .
the direction of an 1NN T PR I T TR & gL : which the stronz-
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est intelligences have been unable to dispel.
Experimental science itself, most positive
of aM, is not uniailing.

In the following [ shall consider three
exceptionally interesting errors in the in-
terpretation and application of physical phe-
nomena which have for years dominated
the minds of experts and men of science.

I. The Illusion of the Axial Rota-

ELECTRICAL EXPERIMENTER

vision the disk will revolve on its axis, such
movement does not exist. He can dispel
the illusion at once by holding the washer
fixedly while going around. He will now
readily sce that the supposed axial rotation
is only apparent, the impression being pro-
duced by successive changes of position in
space.

693

But more convincing proofs can be given
that the moon does not, and cannot revolve
on its axis. \Vith this object in view atten-
tion is called to Fig. 2, in which both the
satellite, M, and earth, E, are shown em-
bedded in a solid mass, My (indicated by
stipphing) and supposed to rotate so as to
mmpart to the moon its normal translatory

velocity. Evidently, if the lunar globe
could rotate as commonly belicved,

tion of the Moon.

It is well known since the discovery
of Galileo that the moon, in travelling
thru space, always turns the same facc
towards the earth. This is explained
by stating that _while passing once
around its mother-planet the lunar
clobe performs just one revolution on
its axis. The spinning motion of a
heavenly body must necessarily un-
dergo madifications in the course of
time, being cither retarded by resist-
ances internal or external, or acceler-
ated owing to shrinkage and other
causes, An unalterable rotational ve-
locity thru all phases of planetary evo-
lution is manifestly impossible. \What
wonder, then, that at this very instant
of its long existence our satellite
should revolve exactly so, and not
faster or slower. But many astrono-
mers have accepted as a physical fact
that such rotation takes place. It does
not, but only appears so; it is an il-
lusion, a most surprising one, too.

I will endeavor to make this clear
by reference to Fig. 1, in which E rep-
resents the earth and M the moon.
The movement thru space is such that
the arrow, firmly attached to the latter,
always occupies the position indicated
with reference to the earth, If one
imagines himself as looking down on
the orbital plane and follows the mo-
tion he will become convinced that the
moon does turn on its axis as it travels
around. But in this very act the ob-
server will have deceived himself. To
make the delusion complete let him
take a washer similarly marked and
supporting it rotatably in the center,
carry it around a stationary object,
constantly keeping the arrow pointing

this would be equally true of any other
portion of mass M,, as the sphere M;,
shown in dotted lines, and then the
part common to hoth bodies would
have to turn simultancously in oppo-

ELECTS | JEBTZ WAVES o site directions. This can be experi-
CONO ¥ AFFECTED BY vewooTy Ve mentally illustrated in the manner sug-
coNOW i SURFACE ~— — SPELO OF LIGHY

ECOVERABL e

R e
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Fig. 9. THEORY.

V=Veosec 90%Y

gested by using instead of one, two
overlapping rotatable washers, as may
be conveniently represented by circles
M and M, and carrying them around
a center E, so that the plain and
dotted arrows are always pointing to-
wards the same center. No further
argument is needed to demonstrate that
the two gyrations cannot co-exist or
even be pictured in the imagination
and rcconciled in a purely abstract
sense,

The truth is, the so-called “axial ro-
tation” of the moon is a phenomenon
deceptive alike to the eye and mind
and devoid of physical meaning. It
has nothing in common with real mass
revolution characterized by effects
positive and unmistakable. Volumes
have been written on the subject and
many erroneous arguments advanced
in support of the notion. Thus, it is
reasoned, that if the planet did not
turn on its axis it would expose the
whole surface to terrestrial view: as
only one-half is visible, it must re-
volve. The first statement is true but
the logic of the second is defective, for
it adnuts of only one alternative. The
conclusion is‘not justified as the same
appearance can also be produced in
another way. The moon does rotate,
not on its own, but about an axis
passing thru the center of the earth,
the true and only one.

The unfailing test of the spinning of

towards the latter. Tho to his bodily

G= PRESSURE
INDICATOR
GAGES

AnaLooY oF TesLA's EARTH WAVE VIBRATION THEORY
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OF TH
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\ SPHERICAL
ENVELOPE
FILLED WITH
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GAS

THE OSCILLATING
WITH EQUAL
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TESLA'S Wn_:ecLESs TRANSMISSION THEORY.
EVERY POINT ON THE GLOBE.

a mass is, however, the existence of

“REALIZATION

.

Teswa's
WIRELESS
POWER

PROPELUING
SHIDS AND
AEROPLANES

ENERGY SURGES THRU THE EARTH TO
THUS ELECTRIC LIGHT.HEAT

BE DRAWN AT ANY POINT OF THE EARTH

A UNIVERSAL CENTRAL STATION.

Tesla’s World-Wide Wireless Transmission of Electrical Signals, As Well As Light and Power, Is Here lilustrated In Theory, Analogy and

Reallzatlon.

Are Infinitesimal In Effect and Unrecoverablie; the Recoverable Ground Waves of Tesla Fly *“Thru the Earth".

Tesla's Experiments With 100 Foot Discharges At Potentials of Milllons of Volts Have Dermonstrated That the Hertz Waves

Radlo Engineers Are

Gradually Beginning to See the Light and That the Laws of Propagation Lald Down by Tesla Over a Quarter of a Century Ago Form the
Real and True Basls of All Wireless Transmission To-Day.
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tion of the latter immediately stiffens, being

The moon is not possest
at the same 1ime deformed by gravitational

energy of motion
{ If it were the case then a

ch 115 tita

revolving body Al would contain me-  pull. The shape becomes permanent upon
chanical energy that of which cooling and solidification and the smaller
Fir 3
vignly rorefied medium insvloling).—

Dense thin insvleting
layer of or

Fig 6

—— 60°—— s

milles olong earihs surfoce
" Lorth gnd dense insuloting o loyer fo scale
" Trickness of layer, &4 07 0N 17Ch when rodnys of eorth made/s™ /
» 2 ~
\ - 12§ inches /

= 21243
</e5

\

e

A Sectlon of the Earth and Its Atmospheric Envelope Drawn to Scale. It Is Obvious That the
Hertzian Rays Cannot Traverse So Thin a Crack Between Two Conducting Surfaces For Any
Considerable Distance, Without Being Absorbed, Says Dr. Tesla, in Discussing the Ether

Space Wave Theory. .

mass continues to move about the larger
one as tho it were rigidly connected to it
except for pendular swings or librations
due to varying orbital velocity. Such mo-
tion precludes the possibility of axial rota-
tion in the strictly physical scnse. The
moon has never spun around as is
well demonstrated by the fact that the
most precise measurements have failed to

we have experimental evidence. Irrespec-
tive of this 0 exact a coincidence hetween
the axial and orbital periods is, in itself,
immensely improbable for this is not the
permanent condition towards which the
vstem is tending.  Any axial rotation of a
mass left to itseli, retarded by forces ex-
ternal or internal, must cease. Even admit-
ting its perfect control by tides the coinci-
dence would still be miraculous, But when
we remember that most of the satellites
exhibit this pecubarity, the probability be-
come~ infinitestimal
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show any measurable flattening in form.

2. If a planetary body in its orbital move-
ment turns the same side towards the cen-
tral mass this is a positive proof that it has
been scparated from the latter and is a true
satellite, Y

3. A planet revolving on its axis in its
passage around another cannot have been
thrown off from the same but must have
been captured.

II. The Fallacy of Franklin’s Pointed
Lightning-Rod.

The display of atmospheric electricity has
since azes been one of the most marvelous
spectacles afforded to the sight of man. Its
grandeur and power filled him with fear
and superstition, For centuries he attrib-
uted lightning to agents god-like and su-
pernatural and its purpose in the scheme of
this universe remained unknown to him.
Now we have learned that the waters of
the ocean’ arc raised by the sun and main-
tained in the atmosphere delicately sus-
pended, that they are wafted to distant re-
gions of the globe where clectric forces
assert themselves in upsetting the sensitive
balance and causing precipitation, thus sus-
taining all organic life, There is every
reason to hope that man will soon be able
to control this life-giving flow of water
and thereby solve many pressing problems
of his existence.

Atmospheric electricity became of special
scientific interest in Franklin's time. Fara-
day had not yvet announced his epochal dis-
coveries in magnetic induction but static
frictional machines were already generally
used in physical laboratories., Franklin's
powerful mind at once leaped to the con-
clusion that frictional and atmospheric elec-
tricity were identical. To onr present view
this inference appears obvious, but in his
. me the mere thought of it was little short
of blasphemy. He investigated the phe-
nomena and argued that if they were of the
same nature then the clouds conld be
drained of their charge exactly as the ball
of a static machine, and in 1749 he indi-

,cated in a publisht memoir how this could

be done by the usc of pointed metal rods.
(Continued on page 728)

MODE OF PROPAGATION OF THE
CURRENT FROM THE TRANSMITTER
THRU THE EARTH

Three theories have been advanced for /!
tl ¢ origin of the moon. According to the ya

ldest  snggested Ly the great German / MOON
ph pher Kant, and developed by La- SUN
place m his monumental treatise “Mé- —_—
canique C¢leste”, the planels have been
thrown off Irom larger central masses by s
centrifuzal force. Ncarly forty vears ago EAR™
Proi, George H. Darwin in_a masteriul
essay on tidal iriction furnished mathe- MOON'S SHADOW JUST TOUCHING; SPREADSOVER THE EARTHS SURFACE
matical proofs, decmed unrcfutable, that WITH INFINITE SPEED

the moon had scparated from the carth

Recently this estahlished theory has bheen
attacked by Prof. T. ). I. See in a remark-
ble work on the "Evolution of the Stellar
& which hie propounds the view
al force was aliogether nade- Tt
bring ahbout the scparation and
planets, including the moon. have
m the depths of space and have
1 captured.  Still a third hypothesis of
own orizin exists which has heen
ymmented upon by Prof,

Piane

CXN-

OF ECLIPTIC ; gn-moo_v:'

1 anda «

mn pular Astronomy of iﬁ?&ﬁ?so;’%ﬁe‘tﬂ%oaé\ﬁm
ore 1o which the moon THRU SPAGE_ _ _ _ _ RS
the earth when the later gk
1ed, this accounting for
hich mizht not have heen
and <atellites have

ways and, in my opin-
ult 10 ascertain the char-

icter of their birth. The following con-
Jus: a wiely drawn
1A enly Iv thrown off irom a ——— et e e —————————
larger annot rolal i The
mass, rend i1 ved ac Passes Over the
tion of heat and p re e reduc- tion With Fig. 9.

e e——————
BN

Fig. 8.—~This Dlagram lllustrates How, During a Solar Eclipse, the Moon's Shadow
arth With Changing Velocity, and Should Be Studied In Connec-
The Shadow Moves Downward With infinite Velocity at First,
Then WItF Its True Velocity Thru Space, and Finally With Infinite Velocity Again.
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The earliest trials were made by Dali-
brand in France, but Franklin himself was
the first to obtain a spark by nsing a kite, in
June, 17532, When these atmospheric dis-
charges manifest themselves today in our
wireless station we feel annoyed and wish
that they would stop, but to the man who
discovered them they brought tcars of joy.
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Famous Scientific Illusions

(Continned from page 694)

latter has the property of quickly dissipat-
ing the accumulated charge into the air.
To examine this action in the light of pres-
ent knowledge we may liken electric poten-
tial to temperature. Imagine that sphere &
is heated to T degrees and that the pin or
metal bar is a perfect conductor of heat so
that its extreme end is at the same tem-
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The Theory Has Bezn Seriously Advanced and Taught that the Radlo Ether Wave

Osclllations Pass Around the Earth by Successlve Reflections, as Here Shown.

Efficiency of Such a Reflector Cannot he more than 25 Per Cent; the Amount of

Energy Recoverable in a 12,000-mllie Transmission being but One Hundred and Fif-
teen Billlonth Part of One Watt, with 1,000 Kilowatts at the Transmitter.

The

The lightning conductor in its classical
form was invented by Benjamin Franklin
in 1755 and immediately upon its adoption
proved a success to a degree. As usual,
however, its virtues were often exagger-
ated. So, for instance, it was seriously
claimed that in the city of Piatcrmaritz-
burg (capital of Natal, South Africa) no
lichtning strokes occurred after the pointed
rods were installed, altho the storms were
as ircquent as before. Experience has
shown that just the opposite is true.
modern city like New York, presenting in-
numerable sharp points and projections in
cood contact with the carth, is strnck much
more often than equivalent area of land.
Statistical records, carefully compiled and
publicht from time to time, demonstrate
it the danger from lightning to property
and life has been reduced to a small per-
centage by Franklin’s invention, but the
damage by fire amounts, nevcrtheless, to
several million dollars annually. It is as-
tonishing that this device, which has been
in universal use for more than one century
and a half, should be found to involve a
gross fallacy in design and construction
which impairs its usefulness and may even
render its empioyment hazardous under cer-
tain conditions.

For explanation of this curious fact 1
may first refer to Fig. 3, in which s is a
metallic sphere of radius r, such as the ca-
pacity terminal of a static machine, pro-
vided with a sharply pointed pin of length
i, as indicated. It is well known that the

perature 7. Then if another sphere of
larger radius, 21, is drawn about the first
and the tempcrature along this boundary is
T4, it is evident that there will be between
the end of the bar and its surrounding a
difference of temperature T — T, which
will determine the outflow of heat. Obvi-
ously, if the adjacent medium was not af-
fected by the hot spherc this temperature
difference would be greater and more heat
would be given off. Exactly so in the elec-
tric system, Let g be the quantity of the
charge, then the sphere—and owing to its
great conductivity also the pin—will be at
q
the potential —. The medium around the
T
point of the pin will be at the potential
q q

o and, consequently, the differ-
n r-h
q qh
ence —— = ———— Suppose now
r r-+h r(r +h)

that a sphere S of much larger radius
R = nr is employed containing a charge Q
this dxf’fercn;e of potential will be, analog-

onsly ———n,

R(R --h)

principles of electro-statics the potentials

of the two spheres s and S will be equal if
h

According to elementary

Q = nq in which case =

R(R+h
(Continued on page 730)+ )
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FAMOUS SCIENTIFIC ILLUSIONS.
(Continued from page 728)

qh
nr(nr<h) - r(nr - h).

ference of potential between the point of
the pin and the medium around the same

nqh
Thus the dif-

February, 1919

the positive charge of the cloud induces in
the earth an equivalent opposite charge, the
density at the surface of the latter dimin-
ishing with the cube of the distance from
the static center of the cloud. A brush
discharge is then formed at the point of the
rod and the action Franklin anticipated
takes place. In addition, the surrounding
air is tonized and rendered conducting and,
eventually, a bolt may hit the building or
some other object in the vicinity, The vir-
tue of the pointed end to dissipate the
charge, which was uppermost in Franklin's
mind 1s, however, infinitesimal. Careful
V casurements show that it would take
| many years before the electricity stored in
'a single cloud of moderate size would be
drawn off or neutralized thru such a light-
ning conductor. The grounded rod has the
quality of rendering harmless most of the
| strokes it receives, tho occasionally the
charge is diverted with damaging results.
But, what is very important to note, it
invites danger and hazard on account of
the fallacy involved in its design. The
sharp point which was thought advantage-
ous and indispensable to its operation, is
really a defect detracting considerably from
the practical value of the device. I have

— — —— £L

Fig. 4, Tesla Explains the Fallacy of the
Frankiin Pointed Lightning Rod, Here lllus-
trated, and Shows that Usually Such a Rod
Could Not Draw Off the Electricity in a Sin-

%Ie Cloud in Many Years. The Density of the

ots Indicates the Intensity of the Charges.

h
— when
nr-+h
the large sphere is used. In many scientific
tests and experiments this important ob-
servation has been disregarded with the
result of causing serious errors. -Its sig-
nificance is that the behavior of the
pointed rod entirely depends on the linear
dimensions of the electrified body. Its
quality to give off the charge may be en-

' . .+
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tirely lost if the latter is very large. For
i this reason, all points or projections on the
surface of a conductor of such vast dimen-
sions as the earth would be quite ineffective
were it not for other influences. These
will be elucidated with reference to Fig. 4,
in which our artist of the Impressionist
school has emphasized Franklin’s notion
that his rod was drawing electricity from
the clouds. If the earth were not sur-
rounded by an atmosphere which is gener-
ally oppositely charged it would behave,
despite all its irregularities of surface, like
a polished sphere. But owing to the elec-
| trified masses of air and cloud the distribu-
‘ tion is greatly modified. Thus in Fig. 4,

produced a much improved form of light-
ning protector characterized by the employ-
ment of a terminal of considerable atea and
large radius of curvature which makes im-
possible undue density of the charge and
ionization of the air.* These protectors
act as quasi-repellents and so far have
never been struck tho exposed a long time.
Their safety is experimentally demon-
strated to greatly exceed that inveuted by
Franklin. By their use property wort
millions of dollars which is now annually
lost, can be saved.

III. The Singular Misconception of the
Wireless.

To the popular mind this sensational ad-
vance conveys the impression of a single
invention but in recality it is an art, the suc-
cessful practise of which involves the em-
ployment of a great many discoveries and
improvements, [ viewed it as such when I
undertook to solve wireless problems and
it is due to this fact that my insight into its
underlying principles was clear from their
very inception.

In the course of development of my in-
duction motors it became desirable to op-
erate them at high specds and for this pur-
pose I constructed alternators of relatively

*Refer to the October, 1918, issuc of this jour-

nal wherein Dr. Tesla’s new form of non-pointed
lightning rod was fully described aad illustrated.

(Continued on page 732)
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Fig.
Dlagram Used to Explain the Fallacy of th
Analogy Whereby the Author Showa Ina C

for Illustration be Considered as Heated to a High Degree, and the Heat Allowed to
Escape at a Known Rate
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| high frequencies. The striking behavior of
the currents scon captivated my attention
and in 1839 I started a systematic investi-
gation of their properties and the possibili-
ties of practical application. The first
gratifying result of my efforts in this direc-
tion was the transmission of electrical
energy thru one zwire without return, of
which I gave demonstrations in my lectures
and addresses before several scientific
bodies here and abroad in 1891 and 1892.
During that period, while working with my
oscillation transformers and dynamos of
frequencies np to 200,000 cycles per second,
the idea gradually 100k hold of me that the
earth might be used in place of the wire,
thus dispensing with artificial conductors
altogether, The immensity of the globe
seemed an unsurmountable obstacle but
after a prolonged study of the subject I
became satisfied that the undertaking was
rational, and in my lectures before the
Franklin Institute and National Electric
Light Association early in I893 I gave the
outline of the system 1 had conceived. In
the latter part of that year, at the Chicago
World's Fair, 1 had the good fortune of
meeting Prof. Helmholiz to whom 1 ex-
plained my plan, illustrating it with experi-
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brated physicist for an expression of opin-
ion on the feasibility of the scheme. He
stated unhesitatingly that it was practicable,
provided I could perfect apparatus capable
of putting it into effect but this, he antici-
pated, would be extremely difficult to ac-
complish,

I resumed the work very much encour-
aged and from that date to 1896 advanced
siowly but steadily, making a number of
improvements the chief of which was my
system of comcatcnated tuned circuits and
method of regulation, now universally
adopted. In the summer of 1897 Lord
Kelvin happened to pass thru New York
and honored me by a visit to my laboratory
where 1 entertained him with demonstra-
tions in support of my wireless theory. He
was fairly carried away with what he saw
but, nevertheless, condemned my project in
emphatic terms, qualifying it as something
impossible, “an illusion and a snare.” 1
had expected his approval and was pained
and surprised. But the next day he re-
turned and gave me a better opportunity
for explanation of the advances I had made
and of the true principles underlying the
system [ had evolved. Suddenly he re-
marked with evident astonishment: “Then
you are not making use of Hertz waves?”
“Certainly not,” I replied, “these are radia-
tions. No energy could be economically
transmitted to a distance by any such
agency. In my system the process is one
of true conduciion which, theoretically, can
be effected at the greatest distance without
appreciable loss.” 1 can never forget the
magic change that came over the illustrious
philosopher the moment he freed himself
from that erroneous impression. The skep-
tic who would not believe was suddenly
trausformed into the warmest of support-
ers, He parted from me not only thoroly
convinced of the scientific soundness of the
idea but strongly exprest his confidence in
its success. In my exposition to him I re-
sorted to the following mechanical ana-
logues of my own and the Hertz wave
system,

Imagine the earth to be a bag of rubber
filled with water, a small quantity of which
is periodically forced in and out of the
same by means of a reciprocating pump, as
illustrated. 1f the strokes of the latter are
effected in intervals of more than one hour
and forty-eight minutes, sufficient for the
transmission of the impulse thru the whole
mass, the entire bag will expand and con-
tract and corresponding movements will be
imparted to pressure gauges or movable
pistons with the same intensity, irrespective
of distance. By working the pump faster,
shorter waves will be produced which, on
reaching the opposite end of the bag, may
be reflected and give rise to stationary
nodes and loops. but in any case, the fluid
being incompressible, its inclosure perfectly
elastic, and the {requency of oscillations
not very high, the energy will be economic-
ally transmitted and very little power con-
sumed so long as no work is done in the
receivers. This is a crude but correct rep-
resentation of my wireless system in which,
however, 1 resort to various refinements.
Thus, for instance, the pump is made part
of a resonant system of great incrtia,
cnormously magnifying the force of the
imprest impulses. The receiving devices
arc similarly conditioned and in this man-
ner the amount of cnergy collected in them
vastly increased.

The Hertz wave system is in many re-
spects the very opposite of this, To ex-
plain it by analogy, the piston of the pump
15 assumed to vibrate to and fro at a ter-
rific rate and the orifice thru which the
fluid passes in and out of the cylinder is
reduced to a small hole. There is scarcely
any movement of the fluid and almost the
whole work performed results in the pro-
duction of radiant heat, of which an in-
finitesimal part is recovered in a remote
locality. However incredible, it is true that
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the minds of some of the ablest experts
have been from the beginning, and still
are, obsest by this monstrous idea, and so
it comes that the true wireless art, to which
1 laid the foundation in 1893, has been re-
tarded in its development for twenty years.
This is the reason why the “statics” have
proved unconquerable, why the wireless
shares are of little value and why the Gov-
ernment has been compelled to interfere.

We are living on a planet of well-nigh in-
conceivable dimensions, surrounded by a
layer of insulating air above which is a
rarefied and conducting atmosz)hcre (Fig.
5). This is providential, for if all the air
were conducting the transmission of elec-
trical energy thru the natural media would
be impossible. My early esperiments have
shown that currents of high frequency and
great tension readily pass thru an atmos-
phere but moderately rarcfied, so that the
insulating stratum is reduced to a small
thickness as will be evident by inspection
of Fig. 6, in which a part of the earth and
its gaseous envelope is shown to scale. If
the radius of the sphere is 1214”, then the
non-conducting layer is only 1/64” thick
and it will be obvious that the Hertzian
rays cannot traverse so thin a crack be-
tween two conducting surfaces for any
considerable distance, without being ab-
sorbed. The theory has been seriously ad-
vanced that these radiations pass around
the globe by successive reflections, but to
show the absurdity of this suggestion refer-
ence is made to Fig. 7 in which this process
is diagrammatically indicated. Assuming
that there is no refraction, the rays, as
shown on the right, wonld travel along the
sides of a polygon drawn around the solid,
and inscribed into the conducting gaseous
boundary in which case the length of the
side would be about 400 miles. As one-
half the circumference of the earth is ap-
proximately 12,000 miles long there will be,
roughly, thirty deviations. The efficiency
of such a reflector cannot be more than 25
per cent, so that if none of the energy of
the transmitter were lost in other ways, the
?art recovered wonld be measured by the

raction (34)™. Let the transmitter radi-
ate Hertz waves at the rate of 1,000 kilo-
watts. Then about one hundred and fifteen
billionth part of one watt is all that would
be collected in a perfect receiver. In truth,
the reflections would be much more nu-
merous as shown on the left of the figure,
and owing to this and other reasons, on
which it is unnecessary to dwell, the amount
recovered would be a vanishing quantity.

Consider now the process taking place in
the transmission by the instrumentalities
and methods of my invention. For this
purpose attention is called to Fig. 8, which
gives an idea of the mode of propagation
of the current waves and is largely self-
explanatory. The drawing represents a
solar eclipse with the shadow of the moon
just touching the surface of the earth at a
point where the transmitter is located. As
the shadow moves downward it will spread
over the carth's surface, first with infinite
and then gradually diminishing velocity
until at a distance of about 6,000 miles it
will attain its true speed in space. From
there on it will proceed with increasing
velocity, reaching infinite value at the op-
posite point of the globe. It hardly need
be stated that this is merely an illustration
and not an accurate representation in the
astronomical sensc,

The exact law will be readily understood
by reference to Fig. 9, in which a transmit-
ting circnit is shown connected to earth and
to an antenna. The transmitter being in
action, two effects are produced: Hertz
waves pass thru the air, and a current
traverses the earth. The former propagate
with the speed of light and their energy is
unreccoverable in the circuit. The latter
proceeds with the speed varying as the
cosecant of the angle which a radius drawn
from any point under consideration forms

ELECTRICAL EXPERIMENTER

733

Increase Your Will Power

In One Hour

Author of This Article Tells How He Quickly Acquired a Dominating
Will Power That Earns IIim Between 350,000 and 370,000 a Year

OUR YEARS ago a man offered me a
Fwonderful bargain. He was hard up for

money and wanted to sell me some shares
in a young, growing company for $1,000. Based
on the earnings of the Company the stock of-
fered me was easily worth $5,000—in fact, the
man who finally bought the shares sold them
again in five months at a profit of $4,300.

The reason I didn’t buy the shares was that
I could no more raise a thousand dollars than I
could hop, skip, and jump across the Atlantic
Ocean. A thousand dollars! And my income
only twenty-five a week.

Tbe second chapter in my life began a few moonths
later, when anothcr opportunity came to me. It re-
vired an investment of $20,000 during the first year.

raised the money casily, paid back every penny I bor-
rowed, and had $30,000 left at the end of the first
year! To date, in less than four years, my business
has paid me a clear profit of over $200,000 and is now
earning between $350,000 and $70,000 a year. Yet for
twelve years before, the company had been Josing
money every year!

The natural question for my reader to ask is, “How
could you borrow £20,000 to invest in a business which
had previously been a failure, after being unable 10
borrow $1,000 for an investment that secemed secure?”
1t is a fair question. Andd the answer can be given in
two little words— WILL POWER.

When the first proposition came to me 1 passed it by
simply because I didn't have the money and couldn't
borrow it. 1 went from one friend to the next and all
turned me down. Several refused to talk business with
me at all. They all liked me personally, and they asked
me about the kiddies. but when it came 10 money
matters [ hadn't a chance, 1 was scared stiffi every
time I talked to one of them. I pleaded with them,
almost begged them. But everybody had their “‘money
all tied up in other investments.” It was an old ex-
cusge, but I accepted it meekly. I called it hard luck.
But 1 know today that it was nothing in the world
except my lack of Will Power, or rather my weak will
Power, which kept me from getting what 1 wanted.

When I heard that the man sold those shares at
a profit of 4,300, it scemed that my sorrow could not
be greater. That profit was just about what my salary
amounted to for four years! But instead of grieving
over my “hard luck,” 1 decided to find out why 1 was
so easily beaten in everything I tried to accomplish. It
must be that there was something vital that made the
difference between success and failure. It wasa’t lack
of education, for many illiterate men become wealthy.
What was this vital spark? What was this one thing
which successful men had and which 1 did not have?

I began to read
books
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After ceveral
months of discour-
aging effore, 1 fi-
nally encountered a
book called *'Power
of Will," by Prof,
Frank Channing
Haddock. The very
title came to me as
a shock.  When I
opened the book I
was amazed,
realized that  will
power was the vital
spark—the one
thing that I lacked.
And  here in this
book were the very
rules, lessons and
excrcises through
which anyone could
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An hour after I opened the book I felt like
a new person. My sluggish will power was
beginning to awaken. There was a new light
in my eye, a new spring in my step, a new
determination in my soul. I began to see, in
my past, the many mistakes I had made, and
I knew I would never make them again.

I practiced some of the simple exercises.
They were more fascinating than any game of
cards or any sport.

Then came an opportunity to acquire the business
which had lost money for twelve ycars, and which I
turned into a $50,000 a year money maker. Instead of
cringing before the moncyed people, 1 won them over
by my sheer force of will. 1 would not be denied,

nd my every act and word since then has been the
result of my training in will power.

1 am convinced that every man has within himself
every essential quality of success except a strong will.
Any man who ubts that statement nced only ana-
lyze the successful men he knows, and he will find
himself their equal, or their superior, iff every way ex-
cept in will power. Without a strong will, education
counts for little, money counts for nothing, opportuni-
ties are uscless.

I earnestly recommend Prof. Haddock's great work,
“Power of Will,"" to those who feel that success is just
out of reach—t0 those who lack that something which
they cannot define, yet which holds them down to the
grind of a small salary.

Never before have business men and women needed
this help so badly as in these trying times. Hundreds
of real and imaginary obstacles confront us every day,
and only those who are masters of themselves and who
hold their heads up will succeed. *‘Power of Will” as
never before is an absolute necessity—an investment
in self-culture which no one can afford to deny himself,

1 am authorized to say that any reader who cares to
examine “Power of Will" for five days may do so with-
out sending any money in advance. If after one hour
you do not feel that your will power has increased, and
if after a week's reading you do not feel that this great
book supplies that one faculty you neced most to win
sucoess, return it and you will owe nothing. Otherwise
send only 33, the small sum asked.

Some few doubters will scoff at the idea of will power
being the fountainhecad of wealth, position and every-
thing we are striving for, but the great mass of intel-
ligent men and women will at least investigate for
themselves by sending for the book at the publisher's
risk. 1 am’sure that any book that has done for me—
and for thousands of others—what “Power of Will"™
has done—is well worth investigating. It is interestin:
to note that among the 250,000 owners of “"Power o
\V:ll." are such prominent men as Supreme Court
g,:sme Parker; Wu Ting Fang, Ex-U. S. Chinese Am-

ssador;  Gov. McKelvie, of Nebraska: Assistant
Potmaster-General  Britt;  General  Manager Christe-
son, of Wells-Fareo Express Co.; E. St. Elmo Lewis;
Senator Arthur Capper of Kansas and thousands of
others. In fact, today **Power of Will" is just as im-
portant, and as necessary to 3 man's or woman's equip-
ment for success, as a dictionary. To try to succeed
without Power of Will is like trying to do business with-
out a telephone.

As your first step in will training, 1 suggest im-
mediate action in this matter before you. It is not
even necessary to write a letter.  Use the form below,
if you prefer. addressing it to the Pelton Publishiog
Company, 10-B Wilcox Block, Meriden, Conn., and the
book will come by return mail.  You hold in your hand,
this very minute, the beginning of a new era in your
life. Over a million dollars has been paid for “Power
of Will" by people who sent for it on ﬁec examination,
_C:m you, in justice to yourself, hesitate about sending
in the covpon? Can you doubt, blindly, when you can
see, without a penny deposit, this wonder-book that
will increace your will power in one hour.

The cost of paper, printing and binding bas almost
doubled during the past three years, in spite of which
“Power of Will" has not been increased in price. The
Fubluber feels that so great a work should be kept as
ow-priced as possible, but in view of the enormous in-
crease in the cost of every manufacturing item, the
present _edition will be the last =old at the present
price.  The next cdition will cost more. 1 urge you to
send in the coupen now.

PELTON PUBLISHING COMPANY
30-B Wiicox Block, Meriden, Conn.
1 will examine a copy of “Power of WIIL" at your risk
1 ogree to remit $3 or remall book In S days,

Name. ... ......

Address................

City.
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with the axis of symmetry of the waves,
At the origin the speed is infinite but grad-
vally diminishes until a quadrant is
traversed, when the velocity is that of light.
From there on it again increases, becoming
infinite at the antipole. Theoretically the
energy of this current is recoverable in its
entirety, in properly attuned receivers.

Some experts, whom I have credited with
better knowledge, have for years contended
that my proposals to transmit power with-
out wires are sheer nonsense but I note
that they are growing more cautious every
day. Tf:e latest objection to my system is
found in the cheapness of gasoline, These
men labor under the impression that the
energy flows in all directions and that,
therefore, only a minute amount can be re-
covered in any individual receiver. But
this is far from being so. The power is
conveyed in only one direction, from the
transmitter to the receiver, and none of it
is lost elsewhere. It is perfectly practicable
to recover at any point of the globe energy
cnough for driving an airplane, or a pleas-
ure boat or for lighting a dwelling, I am
especially sanguine in regard to the lighting
of isolated places and believe that a more
economical and convenient method can
hardly be devised. The future will show
whether my foresight is as accurate now as
it has proved heretofore.

SHIP RADIO OPERATORS ASK
INCREASED WAGES.

Increased wages and the fixing of a
standard wage scale for radio operators on
vessels operating under Government direc-
tion was asked of the Shipping Board re-
cently by a delegation representing the Mar-
coni Radio Telegraphers’ Association. The
radio operators included in the request made
of the Board are those on vessels operat-
ing in transatlantic and Guolf waters. As-
surances were given the radio representa-
tives by Board officials that their request
would be taken under advisement for im-
mediate consideration,
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Abstract

Satellite observations of enhanced energetic particle fluxes in the South Atlantic Magnetic Anomaly (SAMA) region
have been supported by ground-based observations of enhanced ionization induced by particle precipitation in the
ionosphere over this region. Past observations using a variety of instruments such as vertical sounding ionosondes,
riometers and VLF receivers have provided evidences of the enhanced ionization due to energetic particle precipitation
in the ionosphere over Brazil. The extra ionization at E-layer heights could produce enhanced ionospheric conductivity
within and around the SAMA region. The energetic particle ionization source that is operative even under “‘quiet”
conditions can undergo significant enhancements during magnetospheric storm disturbances, when the geographic
region of enhanced ionospheric conductivity can extend to magnetic latitudes closer to the equator where the magnetic
field line coupling of the E and F regions plays a key role in the electrodynamics of the equatorial ionosphere. Of
particular interest are the sunset electrodynamic processes responsible for equatorial spread F/plasma bubble
irregularity generation and related dynamics (zonal and vertical drifts, etc.). The SAMA represents a source of
significant longitudinal variability in the global description of the equatorial spread F irregularity phenomenon. Recent
results from digital ionosondes operated at Fortaleza and Cachoeira Paulista have provided evidence that enhanced
ionization due to particle precipitation associated with magnetic disturbances, in the SAMA region, can indeed
significantly influence the equatorial electrodynamic processes leading to plasma irregularity generation and dynamics.
Disturbance magnetospheric electric fields that penetrate the equatorial latitudes during storm events seem to be
intensified in the SAMA region based on ground-based and satellite-borne measurements. This paper will review our
current understanding of the influence of SAMA on the equatorial electrodynamic processes from the perspective
outlined above.
© 2005 Published by Elsevier Ltd.

1. Introduction both ground based and satellite based. They reflect a
corresponding variation in the electrodynamic processes

The existence of large longitudinal variations in the that control those phenomena. A major source of such
major phenomena of the equatorial ionosphere has been variations could reside in the well-known longitudinal
verified in the past by various types of observations, variations in the geomagnetic field intensity and
declination angle. A possibly significant role of the

*Corresponding author. Tel.: +551239457149; South Atlantic Magnetic Anomaly (SAMA) in con-
fax: +551239456990. tributing to such longitudinal variations has not been
E-mail address: abdu@dae.inpe.br (M.A. Abdu). addressed so far. In this paper, we focus on this question.
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Based on ionosonde and radar data it was shown that
ionospheric dynamo electric field enhancement in the
evening hours, and the consequent ESF/plasma bubble
irregularity generation and dynamics, present significant
longitudinal/seasonal difference between the west and east
coast of South America, (i.e., between Peru and Brazi-
[-Atlantic longitude sectors), which could be attributed to
the large longitudinal variation in the magnetic declination
angle that characterize this sector (Abdu et al., 1983;
Batista et al., 1986). Longitudinal/seasonal variation in
ionospheric scintillation occurrence at VHF on global
scales has been attributed to the associated variation of the
magnetic declination angle (Tsunoda, 1985). Magneto-
spheric electric fields that penetrate the equatorial latitudes
during disturbed/storm conditions also seem to exhibit
significant longitudinal variations in this longitude sector
(Abdu, 1994; Basu et al., 2001). Enhanced ionospheric
conductivity over the SAMA region could result from
precipitation of energetic particles from the inner radiation
belt on a spatial scale that may extend several degrees in
longitude and latitude around the central region of the
anomaly. The presence of enhanced ionization at E-layer
heights under magnetically quiet conditions has been
verified from analysis of ionosonde data over Cachoeira
Paulista located inside the SAMA region (Abdu and
Batista, 1977), and this could signify a corresponding
background pattern of enhanced conductivity structure in
the region. Such quiet-time/background conductivity
distributions can become significantly enhanced under
magnetospherically disturbed conditions (Abdu et al.,
1998, 2003a,b). As a result, the electrodynamic coupling
processes of the equatorial region in the SAMA longitude
sector undergo significant modification. The quiet and
disturbed electric fields, plasma irregularity development
and dynamics (related to equatorial spread F processes)
over the longitude sector of the SAMA do seem to differ
from those of other longitudes (especially those in the
immediate vicinity of the SAMA). In this paper, we will
first present a brief review of the evidence available, based
on different observational databases, for enhanced ioniza-
tion by energetic particle precipitation in the SAMA
region under quiet and disturbed conditions (see for
example, Abdu et al., 1973, 1979,1981a; Gledhill and Torr,
1966; Paulikas, 1975; Nishino et al., 2002). We will then
consider the effect of such enhanced ionization in causing
enhanced ionospheric conductivity that in turn could
modify the electrodynamic conditions for plasma irregu-
larity development and plasma drifts of the post-sunset
equatorial ionosphere in the SAMA longitude sector.

2. Sama magnetic field configuration and particle
precipitation

Fig. 1 shows the configuration of the geomagnetic
field total intensity distribution over the globe, in which

the lowest value of the total magnetic field intensity
defines the position of the center of the SAMA. Its
present location in the southern part of Brazil resulted
from the steady and secular westward drift of the SAMA
from its location in the South Atlantic Ocean a few years
ago. An associated aspect/characteristic of the SAMA
field configuration is the large magnetic declination
angle, and the associated feature of the dip equator
crossing the geographic equator and extending deeper
down to the South American continent to ~12°S over
Jicamarca in Peru. As a result, the magnetic declination
angle over the eastern part of Brazil attains ~21°W
whereas it reverts to ~4°E over the Peruvian longitude
sector as shown in Fig. 2.

The trapped and azimuthally drifting energetic
particles, bouncing between hemispheres, come deeper
down into the atmosphere owing to the low field
intensity over SAMA (in conservation of its second
adiabatic invariant), thereby interacting with the dense
atmosphere resulting in ionization production. Other
processes, such as wave—particle interaction leading to
an enhanced loss cone of the drifting particles has also
been suggested as a mechanism for the loss of inner
radiation belt particles in the SAMA region. Evidence of
enhanced energetic particle populations in the SAMA
region has come from early Russian COSMOS satellite
observations. Contours of constant omni-directional
flux of fission electrons, detected at 0.29 MeV energy at
altitudes 3204450 km by one of the COSMOS satellites
in the South Atlantic Anomaly region are shown in
Fig. 3 (Vernov et al., 1967). The region of maximum
particle flux close to the Brazilian South Atlantic coast
can be noted. With westward secular drift of the SAMA,
the center region of maximum particle flux should have
moved well into the Brazilian land mass.

Evidence of enhanced ionization in the D region over
SAMA due to the precipitation of inner radiation belt
energetic particles azimuthally drifting eastward was
first obtained during the great storm of August 1972,
from spaced antenna riometer measurements by Abdu et
al. (1973). Subsequent measurements by ionospheric
vertical sounding by ionosondes and measurement of
very low frequency (VLF) phase in earth-ionosphere
wave guide mode propagation path, monitored by
ground-based VLF receivers, have verified the occur-
rence of significant ionization enhancement in the
ionospheric D and E regions (~70-120km) over the
SAMA. Interesting aspects of the spatial structure and
dynamics of the particle precipitation regions in the
lower ionosphere, associated with a magnetic storm
event, have recently been investigated by Nishino et al.
(2002) using an imaging riometer operated in southern
Brazil. An example of simultaneous observation of
energetic particle precipitation, as manifested in en-
hanced sporadic E-layer intensity over Cachoeira
Paulista (22.6°S, 315°E; dip angle:28°) and phase
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Fig. 1. The geomagnetic field total intensity distribution, represented by iso-intensity lines over the globe in which the lowest value of
the total magnetic field intensity situated in South Brazil defines the position of the center of the SAMA (South Atlantic Magnetic
Anomaly), which was located in the South Atlantic several years ago. The unit is in nanoTesla (nT), and the contour interval is

2000nT.
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Fig. 2. Magnetic declination angles over Peru and Brazil. The declination angle is ~ 210W over Fortaleza (FZ), Brazil, and ~4°E over
Jicamarca (JIC), Peru.
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Fig. 3. Contours of constant omni-directional flux of fission electrons (cm™2s™!) at 0.29 MeV energy for altitudes 320+45km as
observed by a COSMOS satellite. Due to the secular westward drift of the SAMA, the region of maximum flux has moved over to the
Brazilian land mass during the course of years since this measurement was made in the 1960s.

advance of VLF signals received at Atibaia (230S,
450W, dip angle:28°) are shown in Fig. 4 (Abdu et al.,
1981a). Increases in sporadic E-layer frequencies, the
fEs (the top frequency backscattered by the layer) and
the f Es (the blanketing frequency which indicates the
plasma frequency of the reflecting layer) occur in events
of a few hours duration during enhanced magnetic
activity indicated by large Kp values, which suggested a
corresponding increase in the E-layer ionization. Oscil-
latory variation in the intensity of the Es layer can be
noted especially on the night of 3-4 May 1978. Their
occurrence during night hours suggests particle pre-
cipitation in the E region as the source of the enhanced
ionization needed to produce them. Simultaneous
increase of D region ionization is indicated by the
VLF phase decrease, (relative to the reference curve
shown by the broken line) in events of varying intensity,
that fluctuates at the same rate as that of the Es layer. In
fact, significant lowering of the VLF reflection height
(phase decrease) during the entire night with respect to
the quiet-time reflection height of ~90km persists on
many nights in the examples shown in this figure. The
effect seems to last even after Kp has decreased to its
“quiet”-time values. Modulation of the precipitating
particle flux intensity on time scales of several minutes to
a few hours is indicated in these results.

Extensive analysis of the sporadic E-layer character-
istics over Cachoeira Paulista has established that the
occurrence, as well as the intensity of this layer, exhibits
significant enhancements during magnetically disturbed
conditions (Batista and Abdu, 1977; Abdu et al., 2003a).
The plasma frequency of the layer at such times becomes
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Fig. 4. Variation of the VLF signal phase, received at Atibaia,
SP, (top panel) plotted during the intensely disturbed period of
01-04 May 1978. The VLF phase represents the reflection
height of the VLF signals propagating in earth-ionosphere
wave-guide, with the upper boundary nominally considered to
be at 90km during the night, and 70km during the day. A
decrease (advance) in phase indicates lowering of the VLF
reflection height due to ionization increase below the normal
reflection height. The dotted curve is a reference phase variation
for quiet conditions. The middle panel shows the top frequency
fEs reflected by the sporadic E-layer whose plasma frequency is
indicated by the blanketing frequency f,Es. The Kp variations
are shown in the bottom panel (Abdu et al., 1981a).

comparable to, or even exceed, the daytime E-layer peak
densities. Furthermore, as shown in the example of
Fig. 5, such Es layers are identified by traces of range
spreading echoes similar to those of auroral-type
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sporadic E layers that are well known to be produced by
auroral-zone particle precipitation. Our analysis of Es
layers over Cachoeira Paulista under magnetically quiet
conditions has revealed that their regular occurrence
during night hours could only be explained by a
nighttime source of ionization that could be attributed
to particle precipitation in the SAMA region (Abdu and
Batista, 1977). Thus, there is accumulating evidence that
energetic particle-induced ionization is a regular feature
of the ionosphere over the SAMA even under magne-
tically quiet conditions that should result in a corre-
spondingly modified/enhanced ionospheric conductivity
distribution over this region, and that significant
enhancement of the conductivity distribution pattern
could occur during magnetic disturbances.

3. Electrodynamic effects due to the SAMA

The influence of the SAMA on the equatorial iono-
spheric electrodynamic processes could operate mainly
in two ways: (1) via the influence of the magnetic
declination angle that controls the F layer dynamo
development in the evening hours, which is a regular
quiet-time feature and (2) through the enhanced ioniza-

VIRTUAL HEIGHT (km)

1 10 18
FREQUENCY (MHz)

Fig. 5. Examples of sporadic E layers over Cachoeira Paulista
during magnetically disturbed conditions. The range spreading
of the trace is similar to that which is characteristic of auroral
Es layers produced by particle precipitation. lonospheric
absorption of the radio waves causes range spreading less
marked during the day (Batista and Abdu, 1977).

tion by particle precipitation with enhanced conductivity
adding to the background conductivity distribution in
the ionosphere over the SAMA region under quiet
conditions, and additional enhancements of the ioniza-
tion and the conductivities with their modified spatial
distributions that could dominate during magnetic
disturbances.

3.1. Magnetic declination effect on the evening equatorial
electrodynamics

Significant differences in the evening electrodynamic
processes that control the conditions for equatorial
spread F development have been noted between the
Peruvian and Brazilian longitude sectors and attributed
to the significant variation of the magnetic declination
angle between the two longitude sectors (Abdu et al.,
1981b). The longitudinal variation of the magnetic
declination angle in the south American sector is a part
of the SAMA magnetic field configuration, and it varies
drastically between the west and east coasts of South
America, as shown in Fig. 2. The associated effects on
the sunset electrodynamic processes can be explained as
follows. The F layer undergoes rapid uplift in the
evening hours, which is a pre-requisite for the post-
sunset spread F/plasma bubble irregularity development
under the Rayleigh-Taylor instability mechanism. The
layer uplift/vertical plasma drift is caused by an
enhanced zonal electric field known as the pre-reversal
electric-field enhancement (PRE), produced by the
F-layer dynamo. The PRE develops under the combined
action of an eastward thermospheric wind and the
longitudinal gradient in the field line integrated Pedersen
conductivity that exists across the sunset terminator
(Rishbeth, 1971). This integrated conductivity gradient
has a major contribution from conjugate E layers, and
therefore attains its largest values when the sunset
terminator moves parallel to (aligned with) the magnetic
meridian, which corresponds to near-simultaneous
sunset at conjugate E layers. This condition leads to
the generation of PRE with largest intensity as was
pointed out by Abdu et al. (1981b). The large westward
declination angle (~21°W) in the Brazilian Atlantic
sector causes this condition to prevail during a period
close to December, when, therefore, a seasonal max-
imum occurs in the intensity of the PRE (F-region
vertical drift) and hence in the spread F irregularity
(ESF) occurrence. In the Peruvian sector, where the
magnetic declination angle is small (and eastward), such
propitious condition for seasonal maxima (i.e., align-
ment of the magnetic meridian and sunset terminator)
occurs during equinoctial months. Thus, while a broad
seasonal maximum in ESF irregularities occurs around
December over Brazil, two equinoctial maxima occur
over Peru as shown in Fig. 6. In Fig. 6, the left-hand
panel shows a plot of monthly mean percentage
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Fig. 6. Left panel: Month versus local time variation of equatorial spread F occurrence (in monthly mean percentage occurrence
values) over Cachoeira Paulista showing a broad summer maximum. Right panel: UHF (1.6 GHz) scintillation occurrences over
Huancayo, Peru, showing two equinoctial maxima (taken from Basu et al., 1980).

occurrence of ESF over Cachoeira Paulista in month
versus local time format. It should be noted that the
bottomside spread F statistics over Cachoeira Paulista
in fact represent the statistics of well-developed flux
tube-aligned plasma bubbles extending from their
equatorial apex height to the F-region bottomside over
this station (Abdu et al., 1983). A seasonal maximum
centered in December—January is a well-defined feature
here. The right panel presenting similar statistical plots
of UHF scintillation over Peru (Basu et al., 1980) shows
two equinoctial maxima as expected.

3.2. SAMA-associated conductivity longitudinal gradient
and the enhancement of the quiet-time PRE

Besides the difference in the seasonal pattern of the
PRE between the east and west coast of South America
(brought about by the difference in the magnetic
declination angle) just explained above, there is also a
significant and systematic difference in the amplitude of
the PRE between the two sectors; the amplitude in the
Brazilian sector being generally higher than in the
Peruvian sector. Monthly mean vertical drift velocities
obtained as the time rate of change of plasma frequency
heights measured by Digisondes (Reinisch, 1996) over
Sao Luis (Brazil) and Jicamarca (Peru) are compared in
Fig. 7 for the four seasons, i.e., two equinoctial and two
solstice months. The monthly average solar flux (F10.7)
units are indicated in the figure. Only the vertical drift
velocities around the evening PRE maximum are of
interest here. The V. values obtained from digisondes at
other local times, when generally the F-layer bottomside
height is less than 300 km, can differ significantly from
the real drift velocities owing to photochemical/recom-

bination effects as explained by Bittencourt and Abdu
(1981) (see also, Abdu, et al., 2004). Seasonal as well as
solar flux dependence of the PRE amplitude (in
agreement with the results of Fejer et al., 1991) can be
noted in the figure. The PRE amplitude over Jicamarca,
even during its expected seasonal maxima, in March and
September, is smaller than that over Sao Luis. The
difference becomes more marked when the seasonal
maximum of V', occurs over Sao Luis during December.
Thus, the PRE amplitude over the eastern longitude
sector of South America tends to be always higher than
that over the western sector. An explanation for this
difference can be sought in terms of the possible
difference in the evening ionospheric conductivity long-
itudinal/local time variations over the two sectors arising
from the proximity of the SAMA to the eastern
longitude sector, as follows:

Thermospheric zonal winds produce, by dynamo
action, a vertical polarization field in the F region
whose magnitude is dependent upon field-line-integrated
conductivities and current flow between E and F
regions. The associated E-F-region electrical coupling
processes leading to the generation of the PRE was first
modeled by Heelis et al. (1974) (see also, Farley et al.,
1986; Batista et al.,, 1986; Crain et al., 1993). As
explained in Abdu et al. (2003b) the vertical electric
field can be written as: E, = U,By[2r/(ZF + 2E)),
where 2 is the field-line-integrated conductivity of the
F region and X _is that of the conjugate E-regions, U, is
the thermospheric zonal wind and B, is the magnetic-
field intensity. During post-sunset hours X_decays faster
than X, thus, contributing to the development of a
vertical electric field whose intensity increases towards
the night side (i.e., across the sunset terminator). The
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Fig. 7. F-region vertical drift over Sao Luis (solid line) and Jicamarca (dashed line) obtained from Digisonde data, plotted as monthly
mean values representing 4 months: March 2000, June, September and December 1999.

application of the curl-free condition to such an electric
field variation could result in the enhanced evening zonal
electric field, the PRE, as suggested by Rishbeth (1971)
and recently modeled by Eccles (1998). The local time
variation of the E, arises largely from that of the
conductivity local time/longitude gradient.

In considering the difference in PRE amplitude
between the west and east coast of South America, we
need to consider the possible role of the thermospheric
zonal wind as well as that of the conductivity long-
itudinal gradient (AX). While there is no strong reason
for the U, amplitude to differ significantly within a
relatively short longitude span, we have strong reason to
expect that AX could be significantly different between
the western and eastern longitude sectors due to the
proximity of the SAMA to the latter. In order to
examine the control of the evening E-layer conductivity/
density variation on the PRE, we carried out a
simulation of the vertical drift (PRE) variation using
the E- and F-region electrodynamics coupling model of
Batista et al. (1986) that was based on the original model
of Heelis et al. (1974). The results are presented in Fig. 8
(see also, Abdu et al., 2004). This figure shows, in the
lower panel, the E-layer critical frequency (f E) (which
corresponds to the layer peak density, N E) as a
function of local time during daytime as observed over
Fortaleza, and its extrapolation to possible different
nighttime values. Each of these model curves identified
as modl, mod2, etc., in the figure represents a different

conductivity local-time gradient around sunset that
produces different amplitudes of the pre-reversal vertical
drift enhancement shown in the upper panel. It can be
noticed that the steeper the gradient in f,E (i.e., E-layer
Pederson conductivity), in the transition from day to
night, the higher the peak amplitude, V., of the evening
V. variation (i.e., PRE).

Fig. 9 shows a sketch of how an enhanced con-
ductivity distribution, with the conductivity decreasing
from a hypothetical location of maximum intensity of
E-region particle precipitation in southern Brazil, could
result in a westward gradient in X that can add to the
normal AX across the sunset terminator that is also
directed westward. The consequence of the resulting
enhanced AX will be to produce larger PRE according to
the model simulation result of Fig. 8. Thus, a possible
enhancement of the conductivity gradient due to quiet
time particle precipitation in the SAMA could con-
tribute to an increase in the post-sunset V., in the
Brazilian sector. The significantly larger V-, over Brazil
as compared to the V., over Jicamarca in Fig. 7 can be
accounted for in this way. We should point out that for
a given electric-field intensity, the vertical drift (E/B)
should be obviously larger for a weaker magnetic-field
intensity. However, it is difficult to evaluate any possible
contribution from this factor to the vertical drifts at the
two longitude sectors due to the lack of direct and
simultaneous measurements of electric fields at these
places and due to the wind dynamo (from U Xx By
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Fig. 8. Results of simulation using an E-F-region electrical
coupling model showing that a higher local time gradient at
sunset in the E-layer Pedersen conductivity produces higher
amplitude of the PRE. The E-layer critical frequency f,E is
plotted in the figure to represent the shape of the conductivity
variations. The curves identified as mod 1 and mod 5
correspond to the lowest and highest conductivity gradients at
sunset (lower panel) and correspondingly the PRE has lowest
and highest amplitudes (upper panel).

forcing) required to produce the Ey mentioned before
(see also further considerations on this point in the
discussion session).

3.3. Effect of storm-associated enhanced conductivities on
the post-sunset plasma drifts

During magnetic disturbances, intense particle pre-
cipitation can cover a wider geographical area. DMSP
satellite measurements of energetic particles, at
~840km, during the great magnetic storm of March
1989, show that the geographic region affected by
particle precipitation in the South American longitude
sector could extend equatorward up to the latitude of
Fortaleza as shown in Fig. 10 (Greenspan et al., 1991).
Under such conditions, the combined effects of magne-

2 g =S
=25 dip lat =

=20 —

LATITUDE

-40 — 25 dip lat
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-90 -75 -60 -45 -30
LONGITUDE
Fig. 9. A cartoon of the sunset terminator and the possible
background ionization/conductivity pattern in the SAMA. The
contours are drawn to represent conductivity decreasing with
increasing distance from a hypothetical location of maximum
conductivity region inside the innermost contour line near the
center of the SAMA This conductivity gradient due to
ionization from quiet time particle precipitation in the SAMA
contributes to an increase in AX across the sunset terminator
that results in enhanced V. (PRE) in the Brazilian sector.

tospheric electric field penetration to low/equatorial
latitudes and the enhanced ionospheric conductivity due
to energetic particle precipitation in the SAMA region
could cause a complex response of the ionosphere over
this region. The disturbance zonal electric field that
penetrates to low latitudes could govern the electro-
dynamics of the equatorial ionospheric response in two
ways: (1) through a direct effect on vertical plasma drift,
by which an eastward penetration electric field occurring
at sunset hours could cause uplifting of the F-region
plasma that could be in phase with (and therefore add
to) the normal vertical drift due to PRE, thus helping
trigger the development of spread F/plasma bubble
irregularities even during the season of their normal
non-occurrence (Abdu et al., 2003a; Sastri et al., 1997),
or causing a more intense bubble event during the
season of its normal occurrence (Abdu et al., 1988;
Hysell et al., 1990) and (2) through electric fields,
generated by Hall conduction and divergence-free
current flow in regions of conductivity spatial gradients
produced by enhanced particle precipitation, under the
action of the primary disturbance (penetrating) electric
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magnetic storm of March 1989 (from Greenspan et al., 1991).

field (Abdu et al., 1998, 2003a). As regards the sunset
and nighttime effects, while the ionospheric response
due to the first process (direct effect of vertical plasma
drift) can be observed in all longitude sectors, that due
to the second should be observable only, or at least
primarily, in the longitude sector of the SAMA. As far
as the daytime effects are concerned, the responses
arising from conductivity features, similar to those
giving rise to the second process, but not necessarily
caused by particle precipitation, should of course be
observable in varying degrees at all longitudes, as are the
effects from the first process.

Fig. 11 shows F-layer bottomside irregularity vertical
drift velocity (middle panel) measured by a digital
ionosonde (CADI—Canadian Advanced Digital Iono-
sonde) at Fortaleza, during a magnetically disturbed
night in November 1994 as represented by the auroral
activity indices shown in the top panel (Abdu et al.,
1998). Oscillations in the vertical drift that are coherent,
but somewhat shifted in phase, relative to the fluctua-
tions in AE index, are out of phase with those in the
zonal drift velocity (plotted in the bottom panel).
Frequent cases of such ‘“‘anti-correlated” vertical and
zonal drift variations have been observed during
magnetic disturbances, as shown by another example,
in terms of the scatter plots, presented in Fig. 12. Such
an “‘anti-correlation” between the vertical and zonal
velocities can be understood based on a simple equation
connecting the zonal and vertical electric fields, in which
the current divergence effects are ignored for simplicity,
and Hall conduction and neutral wind dynamo terms
are included (see Haerendel et al., 1992; Abdu et al.,
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Fig. 11. Top panel: Auroral electrojet activity index AU and
AL during a magnetic disturbance on 20 November 1994.
Middle and bottom panels: vertical and zonal irregularity drift
velocities, respectively, as measured by a CADI (Canadian
Advanced Digital Ionosonde) over Fortaleza in the height
region of 300 km.
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1998, 2003a):
E, =~ —BULy, + Exw[Zn/Zp], 1)

where £ and E, are the zonal and vertical electric
fields, respectively. The first term on the right side
represents the neutral wind dynamo, and ULy, is field-
line-integrated conductivity weighted zonal wind. The
term inside the bracket is the Hall conduction term, with
2 and X representing the field-line-integrated Hall and
Pedersen conductivities, respectively. This equation
clearly shows that the degree of ‘“‘anti-correlation”
between the two velocities, as shown in Fig. 12, is
highly dependent on the variability in the neutral wind
dynamo. Thus, these results do demonstrate the genera-
tion of a Hall vertical electric field due to a primary
disturbance zonal electric field penetrating to the
equatorial latitudes, under the presence of enhanced
conductivity produced by particle precipitation in the
nighttime ionosphere over the SAMA as was shown by
Abdu et al. (1998). The influence of Hall conduction on
daytime F-region plasma drifts as observed by the
Jicamarca Radar has been shown by Fejer and Emmert
(2003) for the case of a penetration electric field event
associated with a solar wind pressure surge event. Their
results are presented in Fig. 13. An increase in the solar
wind pressure was responsible for the disturbance
penetrating zonal electric field over the equator that
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Fig. 12. Scatter plots of V. versus V, for three cases of
disturbance electric field events.

caused vertical plasma drift and associated westward
plasma drift very similar to the results in Figs. 11 and 12.
These results were obtained during daytime over
Jicamarca when the ratio X /X is large. Our results
over Fortaleza correspond to night conditions when
normally (under quiet conditions) the conductivity ratio,
2 /2, is not sufficient to produce the degree of Hall
conduction observed in the results of Figs. 11 and 12. It
seems to be clear therefore that an extra ionization
enhancement and an associated conductivity enhance-
ment, due to particle precipitation during magnetic
disturbances, should be invoked to explain the large
zonal velocity fluctuations that are anti-correlated with
the vertical drift fluctuations seen in Figs. 11 and 12. No
cases of ‘“‘anti-correlated” vertical and zonal plasma
drifts such as that present in Fig. 13 have been reported
over Jicamarca under nighttime conditions. This point
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Fig. 13. Top panel: IMF, north-south magnetic field compo-
nent and solar wind dynamic pressure measured by the WIND
satellite and shifted by 23min. Lower panels: Jicamarca
horizontal magnetic field and plasma drifts observations near
1730 UT, on 19 October 1998.
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highlights the uniqueness of the nighttime results over
the Brazilian longitude sector and supports the conten-
tion that the SAMA-associated enhanced nighttime
conductivity was indeed a necessary condition for the
generation of vertical electric field /zonal plasma drift
perturbations observed during magnetically disturbed
periods.

4. Discussion and conclusions

Energetic particle precipitation in the SAMA region is
a well-established phenomenon. The aeronomic effects
in terms of enhanced ionization in the E and D region of
the ionosphere that are caused by energetic particles of
relatively lower energy range (electrons of < 100keV
and protons of a few MeV), are now well established
based on the diverse results presented above. Further-
more, balloon-born X-ray measurements have detected
energetic electron precipitation at stratospheric heights
during magnetic disturbances (e.g., Pinto and Gonzalez,
1986; Jayanthi et al., 1997). More recent results from the
radiation detector on board SAC-C satellite show the
energetic proton flux over the SAMA region extending
to equatorial latitudes. As its main focus, this paper
addresses the question concerning the influence of
enhanced particle precipitation in the SAMA on the
electro-dynamical processes of the equatorial ionosphere
arising from the modified ionospheric conductivity
distributions, under quiet as well as disturbed condi-
tions, a field of research that has not received any
attention by the scientific community so far. On the
other hand, this problem has great impact/implication
on the currently important questions of longitudinal/
seasonal variability of equatorial electrodynamic pro-
cesses at sunset and associated spread F/ plasma bubble
irregularity development conditions. In this context, the
significant difference in the amplitude of the PRE
between the east and west coast of South America in
its monthly mean values calls for our special attention.
The difference is real and significant since the same
technique by similar instruments was used to obtain the
vertical drift velocities at the two sites. Any significant/
major role of thermospheric zonal wind in the evening
hours in causing the observed larger V/ over Sao Luis,
as compared to Jicamarca, seems unlikely on the basis of
the following reasoning.

The two magnetic equatorial stations have different
latitudinal separation from the geographic equator (in
their respective longitude sectors), Sao Luis at 2.33°S
being closer to it and Jicamarca at 12°S being farther
from it. While this different separation from the
geographic equator can cause different seasonal varia-
tions in the evening thermospheric zonal wind at the two
locations, such a difference does not seem to be
sufficient to account for the observed difference in the

PRE amplitudes. For example, in March, due to the
proximity of the sub-solar point to Sao Luis, the evening
zonal wind amplitude over this location can be larger
than over Jicamarca, whereas the (solar radiation
dependent) AX value is larger for the latter station
where solar terminator and magnetic meridian align-
ment occurs in this month. We note, in Fig. 7, that the
amplitude of the PRE is larger over Sao Luis (SL)
during March, which might suggest that an expected
larger zonal wind effect over SL might have overcome
the expected increase of PRE due to a larger AX over
Jicamarca. The situation reverses in December, when the
magnetic meridian is better aligned with the sunset
terminator, with AX being larger, over SL, whereas
Jicamarca can be subjected to larger zonal wind. Yet the
PRE over SL is again significantly larger than over
Jicamarca. Thus, irrespective of the season-dependent
zonal wind intensity variations over the two stations, the
PRE amplitude is always higher over SL, as though one
of the major control parameters for the PRE has a
systematically larger amplitude (in all seasons) over SL.
The situation can be explained if we include an extra AX,
with a westward increase of conductivity in the eastern
sector of Brazil attributed to the SAMA-induced particle
precipitation (as sketched in Fig. 9) that is superposed
on the normal sunset AX which is also westward, so that
the net enhanced AX could be a deciding factor in the
generally larger PRE amplitude in nearly all of the
seasons observed over SL. Further, we may point out
that in view of the well-known westward secular drift of
the SAMA, one would expect that the difference in the
evening vertical drift velocities between the east and west
coast of South America, as the present data set show,
should continue to increase in the coming years.

Thus, the large-scale spatial gradients in conductivity
arising from particle precipitation in the SAMA region
seem to produce longitudinal electric field structure that
is superimposed, in phase, on the pre-reversal zonal
electric field enhancement in the sunset sector. The
resulting longitudinal variation in the ESF/plasma
bubble development and intensity, as has been clearly
verified between the longitudes of Peru and Brazil, could
constitute a significant component of the global-scale
longitudinal variability of the phenomenon. A recent
study by Burke et al. (2004) on the longitudinal
distribution of the plasma depletions at 840 km using
an extensive DMSP database, sought to verify the
expected dependences of the plasma bubble develop-
ment conditions on factors such as the terminator-
magnetic meridian alignment and the magnetic field
intensity over the equator (Bcq). Their results on the
yearly distribution statistics of the plasma bubbles for
different longitude sectors showed that the maximum
occurrence rate generally corresponded to periods of the
terminator-magnetic meridian alignment, which is in
good agreement with the earlier such statistical results



1654 M.A. Abdu et al. | Journal of Atmospheric and Solar-Terrestrial Physics 67 (2005) 1643-1657

based on global scintillation data presented by Tsunoda
(1985). Thus, the magnetic declination control was
found to be a generally valid first-order explanation
(Abdu et al., 1981a,b; Tsunoda, 1985, Batista et al.,
1986) for the seasonal/longitude dependence of ESF
occurrence probability. The bubble distribution statis-
tics presented by Burke et al. (2004) showed the largest
rate of plasma bubble occurrence in the Atlantic sector,
including the Eastern longitudes of South America that
cover the SAMA region of lowest magnetic field
intensity. They sought to associate the largest bubble
occurrence rate to the weakest magnetic field intensity
based on a previous suggestion by Huang et al. (2001) of
a possible negative correlation between the two para-
meters. Such a negative correlation was expected on the
premise that a longitudinally uniform electric field could
produce larger vertical (E/B) drift in the evening hours
(PRE) in regions of weaker magnetic field intensity.
However, a clear association between the ESF occur-
rence and the magnetic field intensity was not forth-
coming in their results, which is understandable in view
of the expectation that the zonal electric field responsible
for the vertical plasma drift itself results from the action
of a wind dynamo (driven by the U x B forcing) so that a
weaker electric field is not unexpected by virtue of a
weaker magnetic field. Thus, a stronger vertical drift in
the evening, leading to larger ESF/plasma bubble
development (and hence larger occurrence probability),
may not be entirely or necessarily related to a weaker
magnetic field. The ESF occurrence rate increasing with
eastward longitude in South America (to reach a global
maximum in the Atlantic sector) as seen in the results of
Burke et al., (their Fig. 2) is consistent with the generally
larger PRE amplitudes observed by us over Sao Luis as
compared to those of Jicamarca (Fig. 7). We have shown
on the basis of the modeling results of Fig. 8 that larger
PRE amplitude over Sdo Luis could result from an
expected larger longitudinal/local time gradient in the
integrated E-layer Pedersen conductivity in the evening
hours which can arise from the superposition of a
westward gradient in the E-layer conductivity produced
by the SAMA particle precipitation effect on the
background westward gradient that exists across the
terminator (as explained before).

The situation under magnetic disturbances becomes
highly complex due to the disturbance magnetospheric
electric fields that penetrate the equatorial latitudes and
their interaction with the enhanced conductivity struc-
ture of the ionosphere over SAMA. Results presented in
Figs. 11 and 12 for moderate magnetic disturbances
showed that the vertical electric field resulting from Hall
conduction induced by the interaction of the disturbance
zonal electric field with the enhanced conductivity
governs the dynamics of the spread F plasma irregula-
rities over Fortaleza (as was explained by Abdu et al.,
1998, 2003a). A possible effect of the enhanced

conductivity on the zonal electric field could not be
clearly identified in these events. However, it is expected
that the divergence-free conditions for the Pederson/
Hall current driven by a disturbance electric field that is
primarily zonal in regions of large-scale conductivity
spatial gradients could lead to local generation of
enhanced zonal electric field as well. Some evidence for
such enhanced zonal electric fields seems to be available
in the equatorial ionospheric response to very intense
storms. An example of ionospheric F-layer height
response to the great storm of 13-14 March 1989, at a
number of equatorial low- and mid-latitude stations,
distributed at different longitudes of the earth, taken
from Abdu (1994) is presented in Fig. 14a (left panel).
Here, the top panel shows the AE activity index
variations during 12, 13 and 14 March and lower panel
shows the virtual height of the F-layer base (h'F) for
different stations including Fortaleza and Cachoeira
Paulista in Brazil, and Dakar and Ouagadougou in West
Africa, approximately 1h in local time ahead of the
Brazilian stations. Associated with the intense substorm
activity around 21 UT of 13 March, i.e., in the evening
sector (~18LT) in Brazil, a drastic increase in h'F
occurred over both Fortaleza and Cachoeira Paulista.
As explained by Batista et al. (1991) this corresponded
to a penetrating disturbance eastward electric field of
>2mV/m. In fact, the F layer disappeared for about 1h
from the 1000 km height range of the ionograms over
Fortaleza and Cachoeira Paulista, and the spectacular
height rise lasted past local midnight. In comparison to
this, over the West African stations, also in the evening
sector, but some 20° eastward, only a modest response
(smaller height increase) was observed. This appears to
be clear evidence of a strong longitudinal effect, in the
equatorial/low latitude response to intense magnetic
storms, with significantly enhanced disturbance zonal
electric field intensity in the SAMA longitude sector.
Another example of what looks like an enhancement of
the penetrating zonal electric field in the SAMA
longitude sector is shown in Fig. 14b (right panel),
taken from Basu et al. (2001). DMSP passes over
Fortaleza and Ascension Island during the great storm
of 15-16 July 2000 are shown in the upper panel. The
corresponding latitudinal cuts of ion densities as
observed by the F14 and F15 satellites over Fortaleza
and Ascension Island are presented, in the left and right
panels respectively. The large bite out of the ion
densities around the magnetic equator is similar to that
observed, also in the evening sector, during the March
1989 storm by the DMSP F8 and F9 satellites, as
reported by Greenspan et al. (1991), and is caused by the
equatorial F layer rising to well above the ~840km
DMSP orbits, as a result of the large penetrating
eastward disturbance electric field associated with the
storm. We note that the width and (probably) the depth
of the ion density depletion are significantly larger along
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Fig. 14. h'F variations over longitudinally distributed stations during the great storms of March 1989 are shown in the left panel
(Abdu, 1994). Note the large increase of F-layer height over Fortaleza and Cachoeira Paulista (plotted in thick lines). The DMSP ion
densities on the passes in the Atlantic sector between Brazil and Africa during the great storm of July 2000 are shown in the right panel

(Basu et al., 2001).

the passes over Fortaleza than along those over
Ascension Island, located only ~1.5h in local time
ahead of the former. Basu et al. (2001) have attributed
this difference to the influence of the SAMA, which is
most effective at the longitude of Fortaleza, decreasing
with increasing longitudinal separation from there.
Although the DMSP passes over the two stations, in
Fig. 14b, are separated by ~1.6h in UT, the significant
longitudinal difference in the intensity of the disturbance
eastward electric field between the two nearby longitudes
is very similar to the results in Fig. 14a. In the latter case,
the F-layer height rise (due to penetrating eastward
electric field intensity) over Fortaleza was also signifi-

cantly larger than over the West African stations. Thus,
there is important evidence to the effect that amplifica-
tion/local generation of electric field takes place in the
SAMA region under magnetically disturbed conditions.
ROCSAT measurements in the SAMA region during the
intense storm of July 2000 as presented by Lin and Yeh
(2005) also suggest possible amplification of the
disturbance penetrating electric field due to conductivity
enhancement in the region. Further detailed analysis of
this problem needs to be undertaken.

The present study leads to the following conclusions:
energetic particle precipitation causing enhanced ioniza-
tion in the ionosphere is a regular feature over the
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SAMA, which is responsible for a modified background
ionospheric conductivity distribution in the region. Such
a conductivity spatial distribution seems to modify the
conductivity longitudinal/local time gradients at sunset
hours to a degree capable of affecting the quiet time
sunset electrodynamic processes, and hence the devel-
opment of the pre-reversal electric field enhancement in
the evening hours that is known to control the
conditions for equatorial spread F/plasma bubble
irregularity development. The generally larger evening
F-layer vertical drift over the eastern sector as compared
to the western sector of South America seems to be
caused by the proximity of the SAMA to the former.
Significant intensification of particle precipitation and
associated enhanced ionization modify drastically the
ionosphere over SAMA during magnetospheric distur-
bances. The electrodynamic processes under such
disturbed conditions are controlled by the interaction
of the disturbance penetrating electric field with the
enhanced conductivities and their spatial gradients. As a
result, local generation of vertical electric field (zonal
plasma drift) seems to takes place during disturbances of
moderate intensity. Significant enhancement in zonal
electric field (vertical plasma drift) also seems to occur in
the SAMA during intense magnetic storms. Thus, the
particle precipitation in the SAMA region does seems to
play a significant role in the equatorial ionospheric
electrodynamics under quiet as well as disturbed
conditions. This leads to important questions as to the
role of the SAMA in influencing the longitudinal
variability of equatorial spread F and in the equatorial
ionospheric response to magnetospheric disturbances.
More quantitative studies need to be undertaken to
provide more detailed answers to these questions.

Acknowledgments

The authors wish to acknowledge support from the
Fundacdo de Amparo a Pesquisa do Estado de Sao
Paulo- FAPESP through project 1999/00437-0, and the
Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico- CNPq through grants 520185/95-1, and
500003/91-2.

References

Abdu, M.A., 1994. Equatorial ionosphere thermosphere
system: an overview of recent results. Proceedings of the
STEP International Symposium, September 1992, Perga-
mon Press, John Hopkins University, MD, pp. 349-361.

Abdu, M.A., Batista, I.S., 1977. Sporadic E-layer phenomena
in the Brazilian geomagnetic anomaly: evidence for a
regular particle ionization source. Journal of Atmospheric
and Terrestrial Physics 39 (6), 723-732.

Abdu, M.A., Ananthakrishnan, S., Coutinho, E.F., Krishnan,
B.A., Reis, E.M., 1973. Azimuthal drift and precipitation of
electrons into the South Atlantic geomagnetic anomaly
during SC magnetic storm. Journal of Geophysical Re-
search 78, 5830-5838.

Abdu, M.A., Batista, I.S., Sobral, J.H.A., 1979. Particle
ionization rates from total solar eclipse rocket ion composi-
tion results in the South Atlantic geomagnetic anomaly.
Journal of Geophysical Research 84, 4328-4334.

Abdu, M.A., Batista, I.S., Piazza, L.R., Massambani, O.,
1981a. Magnetic storm-associated enhanced particle pre-
cipitation in the South Atlantic anomaly: evidence from
VLF phase measurements. Journal of Geophysical Research
86, 7533-7542.

Abdu, M.A., Bittencourt, J.A., Batista, 1.S., 1981b. Magnetic
declination control of the equatorial F region dynamo field
development and spread-F. Journal of Geophysical Re-
search 86, 11443-11446.

Abdu, M.A., de Medeiros, R.T., Sobral, J.H.A., Bittencourt,
J.A., 1983. Spread F plasma bubble vertical rise velocities
determined from spaced ionosonde observations. Journal of
Geophysical Research 88, 9197-9204.

Abdu, M.A., Reddy, B.M., Walker, G.O., Hanbaba, R.,
Sobral, J.H.A., Fejer, B.G., Woodman, R.W., Schunk,
R.W., Szuszczewicz, E.P., 1988. Process in the quiet and
disturbed equatorial-low latitude ionosphere: SUNDIAL
campaign 1984. Annales Geophysicae 6, 69-80.

Abdu, M.A., Jayachandran, P.T., MacDougall, J., Cecile, J.F.,
Sobral, J.H.A., 1998. Equatorial F region zonal plasma
irregularity drifts under magnetospheric disturbances. Geo-
physical Research Letters 25, 4137-4140.

Abdu, M.A., Batista, 1.S., Takahashi, H., MacDougall, JW.,
Sobral, J.H.A., Medeiros, AF., Trivedi, N.B., 2003a.
Magnetospheric disturbance induced equatorial plasma
bubble development and dynamics: a case study in
Brazilian sector. Journal of Geophysical Research 108
(A12), 1449.

Abdu, M.A., MacDougall, J.W., Batista, 1.S., Sobral, J.H.A.,
Jayachandran, P.T., 2003b. Equatorial evening pre reversal
electric field enhancement and sporadic E layer disruption: a
manifestation of E and F region coupling. Journal of
Geophysical Research 108 (A6), 1254.

Abdu, M. A, Batista, 1.S., Reinisch, B.W., Carrasco, A.J., 2004.
Equatorial F layer heights, evening prereversal electric field,
and night E-layer density in the American sector: IRI
validation with observations. Advances in Space Research
34, 1953-1965.

Basu, Su., Basu, S., Mullen, J.P., Bushby, A., 1980. Long-term
1.5 GHz amplitude scintillation measurements at the mag-
netic equator. Geophysical Research Letters 7, 259.

Basu, S., Basu, Su., Groves, K.M., Yeh, H-C., Su, S.-Y., Rich,
F.J., Sultan, P.J., Keskinen, M.J., 2001. Response of the
equatorial ionosphere in the South Atlantic region to the
great magnetic storm of July 15, 2000. Geophysical
Research Letters 28 (18), 3577-3580.

Batista, I.S., Abdu, M.A., 1977. Magnetic storm associated
delayed sporadic E layer enhancement in the Brazilian
Geomagnetic Anomaly. Journal of Geophysical Research
82, 4777-4783.

Batista, I.S., Abdu, M.A., Bittencourt, J.A., 1986. Equatorial F
region vertical plasma drift: seasonal and longitudinal



M.A. Abdu et al. | Journal of Atmospheric and Solar-Terrestrial Physics 67 (2005) 1643-1657 1657

asymmetries in the American sector. Journal of Geophysical
Research 91, 12055.

Batista, 1.S., de Paula, E.R., Abdu, M.A., Trivedi, N.B., 1991.
Ionospheric effects of the 13 March 1989 magnetic storm at
low latitudes. Journal of Geophysical Research 96 (AS),
13943-13952.

Bittencourt, J.A., Abdu, M.A., 1981. A theoretical comparison
between apparent and real vertical ionization drift velocities
in the equatorial F-region. Journal of Geophysical Research
86, 2451-2455.

Burke, W.J., Huang, C.Y., Gentile, L.C., Bauer, 1., 2004.
Seasonal-longitudinal variability of equatorial plasma
bubbles. Annales Geophysicae 22, 3089-3098 Sref-ID:
1432-0576/ag/.

Crain, D.J., Heelis, R.A., Bailey, G.J., Richmond, A.D., 1993.
Low latitude plasma drifts from a simulation of the global
atmosphere dynamo. Journal of Geophysical Research 98,
6039-6046.

Eccles, J.V., 1998. Modeling investigation of the evening
prereversal enhancement of the zonal electric field in the
equatorial ionosphere. Journal of Geophysical Research
103, 26,709.

Fejer, B.G., Emmert, J.T., 2003. Low latitude ionospheric
disturbance electric field effects during the recovery phase of
the October 19-21, 1998, magnetic storm. Journal of
Geophysical Research 108 (A12), 1454.

Fejer, B.G., de Paula, E.R., Gonzales, S.A., Woodman, R.F.,
1991. Average vertical and zonal plasma drifts over
Jicamarca. Journal of Geophysical Research 96,
13901-13906.

Farley, D.T., Bonelli, E., Fejer, B.G., Larsen, M.F., 1986. The
prereversal enhancement of the zonal electric field in the
equatorial ionosphere. Journal of Geophysical Research 91,
13723-13728.

Gledhill, J.A., Torr, D.G., 1966. Ionospheric effects of
precipitated electrons in the South Atlantic radiation
anomaly. Space Research 6, 222.

Greenspan, M.E., Rasmussen, C.E., Burke, W.J., Abdu, M.A.,
1991. Equatorial density depletions observed at 840km
during the great storm of March 1989. Journal of
Geophysical Research 96, 13931-13942.

Haerendel, G., Eccles, J.V., Cakir, S., 1992. Theory of modeling
the equatorial evening ionosphere and the origin of the
shear in the horizontal plasma flow. Journal of Geophysical
Research 97, 1209-1223.

Heelis, R.A., Kendall, P.C., Moffet, R.J., Windle, D.W.,
Rishbeth, H., 1974. Electrical coupling of the E- and F-
region and its effects on the F-region drifts and winds.
Planetary and Space Science, 743-756.

Huang, C.Y., Burke, W.J., Machuzak, J.S., Gentile, L.C.,
Sultan, P.J., 2001. DMSP observation of equatorial plasma
bubbles in the topside ionosphere near solar maximum.
Journal of Geophysical Research 106, 8131.

Hysell, D.L., Kelley, M.C., Swartz, W.E., Woodman, R.F.,
1990. Seeding and layering of equatorial spread F. Journal
of Geophysical Research 95, 17253.

Jayanthi, U.B., Pereira, M.G., Martin, .M., Stozkpov, Y.,
Amico, F.D., Villela, T., 1997. Electron precipitation
associated with geomagnetic activity: balloon observation
of X-ray flux in South Atlantic anomaly. Journal of
Geophysical Research 102 (A11), 24,069-24,073.

Lin, C.S., Yeh, H.C., 2005. Satellite observation of electric
fields in the South Atlantic anomaly region during the July
2000 magnetic storm. Journal of Geophysical Research 110,
A03305, doi:10.1029/2003JA010215.

Nishino, M., Makita, K., Yumoto, K., Rodrigues, F.S.,
Schuch, N.J., Abdu, M.A., 2002. Unusual ionospheric
absorption characterizing energetic electron precipitation
into the South Atlantic Magnetic Anomaly. Earth Planets
and Space 54 (9), 907-916.

Paulikas, G.A., 1975. Precipitation of particles at low and
midlatitudes. Reviews of Geophysics and Space Physics 13,
709-734.

Pinto Jr., O., Gonzalez, W.D., 1986. Eneregetic electron
precipitation at the South Atlantic anomaly: a review. Journal
of Atmospheric and Terrestrial Physics 51, 351-365 (1089).

Reinisch, B.W., 1996. Modern ionosondes. In: Kohl, H.,
Rister, R., Schlegel, K. (Eds.), Modern Ionospheric
Science, vol. 37191. European Geophysical Society, Katlen-
burg-Lindau, Germany, pp. 440-458.

Rishbeth, H., 1971. Polarization fields produced by winds in the
equatorial F region. Planetary and Space Science 19,
357-369.

Sastri, J.H., Abdu, M.A., Batista, 1.S., Sobral, J.H.A., 1997.
Onset conditions of equatorial (range) spread F at
Fortaleza, Brazil, during the June solstice. Journal of
Geophysical Research 102 (A11), 24013-24021.

Vernov, S.N., Gorchakov, E.V., Shavrin, P.I., Shavriva, K.I.,
1967. Radiation belts in the region of South Atlantic
Magnetic Anomaly. Space Science Reviews 7, 490.


dx.doi.org/10.1029/2003JA010215

	A 31238854-TESLA-True-Wireless
	B TESLA ON GLOBAL WIRELESS ENERGY TRANSMISSION
	C Research of Nikola Tesla in Long Island Laboratory
	D Worldwide Wireless Power Prospects _Kurt Van Voorhies_
	E Operating Principles of the Wardenclyffe Apparatus
	F The Tesla World Broadcast System _Donald Mitchell_
	G The Wardenclyffe laboratory
	H Application of Ether Longitudinal Waves for Telecommunication Systems
	I Rare Notes from Tesla on Wardenclyffe (Leland Anderson)
	J SOLID STATE TESLA COIL
	K Nikola Teslas Wireless Systems
	L SUMMARY NOTES ON TESLA COILS (CORUM)
	M TCBA2000-N
	N The Tesla Longitudinal Wave
	O Wireless-Energy-Transfer
	P Scalar Waves - Theory and Experiments
	Q 13153745-teslasymp06strebkov
	R 36T_1904_Ball_Lightning_Tesla_Experiments_March_5_1904
	S TESLA'S COLORADO SPRINGS LIGHTNING OBSERVATIONS _Gary Peterson_
	T SCALAR STRESS WAVE - TESLA WAVE _Tom Bearden_
	U Nikola Tesla Unique Experiments in Colorado and the Krasnoyarsk Tesla Tower _Gennady F. Ignatyev_
	V 090310_vamuum
	W 140311_shipov
	X NikolaTeslasRadiationsAndCosmicRays
	Y FAMOUS SCIENTIFIC ILLUSIONS (NIKOLA TESLA)
	Z South Atlantic magnetic anomaly ionization
	South Atlantic magnetic anomaly ionization: A review �and a new focus on electrodynamic effects in the �equatorial ionosphere
	Introduction
	Sama magnetic field configuration and particle precipitation
	Electrodynamic effects due to the SAMA
	Magnetic declination effect on the evening equatorial electrodynamics
	SAMA-associated conductivity longitudinal gradient and the enhancement of the quiet-time PRE
	Effect of storm-associated enhanced conductivities on the post-sunset plasma drifts

	Discussion and conclusions
	Acknowledgments
	References



