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1. CAPACITANCE

The phenomena of capacitance is a type of electrical energy
storage in the form of a field in an enclosed space. This space
is typically bounded by two parallel metallic plates or two
metallic foils on an interviening insulator or dielectric. A
nearly infinite variety of more complex structures can exhibit
capacity, as long as a difference in electric potential exists
between various areas of the structure. The oscillating coil
represents one possibility as to a capacitor of more complex

form, and will be presented here.

2. CAPACITANCE INADEQUATELY EXPLAINED

The perception of capacitance as used today is wholly inadequate
for the proper understanding of this effect. Steinmetz mentions
this in his introductory book "Electirc Discharges, Waves and
Impulses". To quote, "Unfortunately, to a large extent in dealing
with dielectric fields the prehistoric conception of the electro-
~static charge (electron) on the conductor still exists, and by its
use destroys the analogy between the two components of the electric
field, the magnetic and the dielectric, and makes the consideration

of dielectric fields unnecessarily complicated.”

3. LINES OF FORCE AS REPRESENTATION OF DIELECTRICITY

Steinmetz continues, "There is obviously no more sense in
thinking of the capacity current as current which charges the
conductor with a quantity of electricity, than there is of speaking

of the inductance voltage as charging the conductor with a gquantity



of magnetism. But the latter conception, together with the notion
of a quantity of magnetism, etc., has vanished since Faraday's

representation of the magnetic field by lines of force."

4. THE LAWS OF LINES OF FORCE

All the lines of magnetic force are closed upon themselves,
all dielectric lines of force terminate on conductors, but may
form closed loops in electromagnetic radiation.

These represent the basic laws of liﬁes of force. It can be
seen from these laws that any line of force cannot just end in
space.

5. FARADAY AND LINES OF FORCE THEORY

Farady felt strongly that action at a distance is not possible
thru empty space, or in other words, "matter cannot act where it
is not." He considered space pervaided with lines of force.
Almost everyone is familiar with the patterns formed by iron filings
around a magnet. These filings act as numerous tiny compasses
and orientate themselves along the lines of force existing around
the poles of the magnet. Experiment has indicated that a magnetic
field does possess a fiberous construct. By passing a coil of wire
thru a strong magnetic field and listening to the coil outpﬁt in
headphones, the experimenter will notice a scraping noise. J. J.
Thompson performed further experiments involving the ionization of
gases that indicate the field is not continuous but fiberous

(electricity and matter, 1906).



6. PHYSICAL CHARACTERISTICS‘OF LINES OF FORCE

Consider the space between poles of a magnet or capacitor
as full of lines of electric force. See.Fig. 1. These lines
of force act as a quantity of stretched and mutually repellent
springs. Anyone who has pushed together the like poles of two
magnets has felt this springy mass. Observe Fig. 2. Notice the
lines of force are more dense along A B in between poles, and
that more lines on A are facing B than are projecting outwards to
infinity. Consider the effect of the lines of force on A.
These lines are in a state of tension and pull on A. Because more
are pulling on A towards B than those pulling on A away from B,
we have the phenomena of physical attraction. Now observe Fig. 3.
Notice now that the poles are like rather than unlike,.ﬁore

or all lines pull A away from B; the phenomena of physical

repulsion.

7. MASS ASSOCIATED WITH LINES OF FORCE IN MOTION

The line of force can be more clearly understood by representing
it as a tube of force or a long thin cylinder. Maxwell presented
the idea that the tension of a tube of force is represehtative of
electric force (volts/inch), and in addition to this tension,
there is a medium through which these tubes pass. There exists
a hydrostatic pressure against this media or ether. The value of
this pressure is one half the product of dielectric and magnetic
density. Then there is a p?essure at right angles to an electric
tube of force. If through the growth of a field the tubes

of force spread sideways or in width, the broadside drag through



the medium represents the magnetic reaction to growth in intensity
of an electric current. However, if a tube of force is caused

to move endwise, it will glide through the medium.with little or
no drag as little surface is offered. This possibly explains why
no magnetic field is associated with certain experiments performed
by Tesla involving the movement of energy with no accompanying

magnetic field.

8. INDUCTANCE AS AN ANALOGY TO CAPACITY

Much of the mystery surrounding the workings of capacity

" can be cleared by close examination of inductance and how it

can give rise to dielectric phenomena. Inductance represents
energy storage in space as a magnetic field. The lines of force
orientate themselves in closed loops surrounding the axis of
current flow that has given rise to them. The larger the space
between this current and its images or reflections, the more

energy that can be stored in the resulting field.

9. MECHANISM OF STORING ENERGY MAGNETICALLY

The process ©Ofpushing these lines or loops outward, causing
them to stretch, represents storing energy as in a rubber band.
A given current strength will hold a loop of force at a given dis-
tance from conductor passing current hence no energy movement.
If the flow of current increases, enercy is absorbed by the field as
the loops are then pushed othard at a corresponding velocity.
Because energy is in motion an E.M.F. must accompany the current
flow in order for it to represent power. The magnitude of this EMF

exactly corresponds to the velocity of the field. Then if the current



Fig.1a— Eleetrie Field of Circuit.

Fig.th— Electric Field of Conductor.



ceases changing in magnitude thereby becoming constant, no EMF
accompanys it, as no power is being absorbed. However, if the current
decreases and represents then a negative velocity of field as

the loops contract. Because the EMF corresponds exactly to velocity
it reverses polarity and thereby reverses power so it now moves out

of the field and into the current. Since no power is required

to maintain a field, only current, the static or stationary field,

represents stored energy.

10. THE LIMITS OF ZERO AND INFINITY

Many interesting features of inductance manifest themselves
in the two limiting cases of trapping the energy or releasing
it instantly. Since the power supply driving the current has
resistance, when it is switched off the inductance drains its
energy into this resistance that converts it into the form of
heat. We will assume a perfect inductor that has no self resis-
tance. If we remove the current supply by shorting the terminals
of the inductor we have isolated it without interrupting any current.
Since the collapse of field produces EMF this EMF will tend to
manifest. However, a short circuit will not allow an EMF to
develop across it as it is zero resistance by definition. No EMF
can combine with current to form power, therefore, the energy will
remain in the field. Any attempt to collapse forces increased
current which pushes it right back out. This is one form of storage

of energy.



11. INSTANT ENERGY RELEASE AS INFINITY

Very interesting (and dangerous) phenoma manifest themselves
when the current path is interrupted, thereby causing infinite
resistance to appear. In this case resistance is best represented
by its inverse, conductance. The conductance is then zero. Because
the_current vanished instantly the field collapses at a velocity
approaching that of light. As EMF is directly releated to velocity
of flux, it tends towards infinity. Very powerful effects are produced'
because the field is attempting to maintain current by producing
whatever EMF required. If a considerable amount of energy exists,
say several kilowatt hours* (250 KWH for lightning stroke), the ensuing
discharge can produce most profound effects and can completely

destroy inadequately protected apparatus.

12. ANOTHER FORM OF ENERGY APPEARS

Through the rapid discharge of inductance a new force field appears
that reduces the rate of inductive EMF formation. This field
is also represented by lines of force but these are of a different
nature than those of magnetism. These lines of force are not a
manifestation of current flow but of an electric compression

or tension. This tension is termed voltage or potential difference.

* The energy utilized by an average household in the course of one day.



13. DIELECTRIC ENERGY STORAGE SPATIALLY DIFFERENT THAN MAGNETIC
ENERGY STORAGE

Unlike magnetism the energy is forced or compressed inwards
rather than outwards. Dielectric lines of force push inward into
internal space and along axis, rather than pushed outward broadside
to axisas in the magnetic field. Because the lines are mutually
repellent certain amounts of broadside or transverse motion can be
expected but the phenomena is basically longitudinal. This gives rise
to an interesting paradox that will be noticed with capacity. This
is that the smaller the space bounded by the conducting structure
the more energy that can be stored. This is the exact opposite of
magnetism. With magnetism, the units volumes of energy can be
thought ofas working in parallel but the unit volumes of energy
in association with dielectricity can be thought of as working

in series.

14. VOLTAGE IS TO DIELECTRICITY AS CURRENT IS TO MAGNETISM.

With inductance the reaction to change of field is the production
of voltage. The current is proportionate to the field strength only
and not velocity of field. With capacity the field is produced

not by current but voltage. This voltage must be accompanied by

current in order for power to exist. The reaction of capacitance

to change of applied force is the production of current. The current
is directly proportional to the velocity of field strength. When
voltage increases a reactioq current flows into capacitance and
thereby energy accumulates. If voltage does not change no current
flows and the capacitance stores the energy which produced the field.

If the voltage decreases then the reaction current reverses and energy



flows out of the dielectric field.

As the voltage is withdrawn the compression within the bounded space
is relieved. When the energy is fully dissipated the lines of force

vanish.

15. AGAIN THE LIMITS ZERO AND INFINITY

Because the power supply which provides charging voltage has internal
conductance, after it is switched off the current leaking through
conductancedrains the dielectric energy and converts it to heat.

We will assume a perfect capacitance having no leak conductance. If

we completely disconnect the voltage supply by open circuiting the
terminals of the capacitor, no path for current flow exists by defi-
nition of an open circuit. If the field tends to expand it will tend
towards the production of current. However, an open circuit will not
allow the flow of current as it has zero conductance. Then any

attempt towards field expansion raises the voltage which pushes the field
back inwards. Therefore, energy will remain stored in the field.

This energy can bé drawn for use at any time. This is another form

of energy storage.

16. INSTANT ENERGY RELEASE AS INFINITY

Phenomena of enormous magnitude manifest themselves when the
criteria for voltage or potential difference is instantly disrupted,
as with a short circuit. The effect is analogous with the open circuit
of inductive current. Because the forcing voltage is instantly withdrawn
the field explodes against the bounding conductors with a velocity
that may exceed light. Because the current is directly related to the

velocity of field it jumps to infinity in its attempt to produce



finite voltage acfoss zero resistance. If considerable energy had
resided in the dielectric force field, again let us say several K.W.H.
the resulting explosion has almost inconceivable violence and can =
vaporize a conductor of substantial thickness instantly. Dielectric
discharges of great speed and energy represent one of the most

unpleasant experiences the electrical engineer encounters in practice.

17. ENERGY RETURNS TO MAGNETIC FORM

The powerful currents produced by the sudden expansion of a dielect:
field naturally give rise to magnetic energy. The inertia of the =
magnetic field limits the rise of current to a realistic value. The
capacitance dumps all its energy back into the magnetic field. and
the whole process starts over again. The inverse of the product of
magnetic storage capacity and dielectric storage capacity represents
the frequency or pitch at which this energy interchange occurs. This -
pitch may or may not contain overtones depending on the extent of

conductors bounding the energies.

18. CHARACTERISTIC IMPEDANCE AS REPRESENTATION OF PULSATION OF ENERGY

FIELD -
The ratio of magnetic storage apility to that of the dielectric
is called the characteristic impedance. This gives the ratio of maximum
voltage to maximum current in the oscillitory structure However,
as the magnetic energy storage is outward and the dielectric storage
is inward the total or double energy field puisates in shape or size. .
The axis of this pulsation of force is the impedance of the system’
displaying oscillations and pulsation occurs at the frequency of

oscillation.



19. ENERGY INTO MATTER

As the voltage or impedance is increased the emphasis is on the
inw;rd flﬁx; If the impedance is high and rate of change is fast
enough (perfect overtone series), it would seem possible the compression
of the energy would transform it into matter and the reconversion of
this matter into energy may or may not synchronize with the cycle of
oscillation. This is what may be considered supercapacitance,

that is, stable longterm conversion into matter.

20. MISCONCEPTIONS OF PRESENT THEORY OF CAPACITANCE

The misconception that capacitance is the result of accumulating
electrons has seriously distorted our view of dielectric phenomena.
Also the theory of the velocity of light as a limit of energy flow,
while adequate for magnetic force and material velocity, limits our
ability to visualize or understand certain possibilities in electric
phenomena. The true workings of free space capacitance can be
best illustrated by the following example. It has been previously
stated that dielectric lines of force must terminate on conductors.
No line of forcé can end in space. If we take any conductor
and remove it to the most remote portion of the universe, no lines
of force can extend from this electrode to other conductors. It
can have no free space capacity, regardless of the size of the
electrode, therefore it can store no energy. This indicates that
the free space capacitance of an object is the sum mutual capacity of it

to# all the conducting objects of the universe.



2l. FREE SPACE INDUCTANCE IS INFINITE

Steinmetiz in his book on the general or unified behavior

.of electricity "The Theory and Calculation of Transient Electric 1
Phenomena and Oscillation," points out that the inductance of any
unit length of an isolated filimentary conductor must be.infinite.
Because no image curfents exist to contain the magnetic field

it can g?ow to infinite size. This large quantity of energy cannot
be quickly retrieved due to the finite velocity of propagation of the r
magnetic field. This gives a non reactive or energy component to the

inductance which is called electromagnetic radiation.

22. WORK OF TESLA,STEINMETZ AND FARADAY

In the aforementioned books of Steinmetz he develops some rather r
unique equations for capacity. Tesla devoted an enormous portion of
his efforts to dielectric phenomena and made numerous remarkable discoveri
in this area. Much of this work is yet to be fully uncovered. It is
my contention that the phenomena of dielectricity is wide open for
profound discovery. It is ironic that we have abandoned the lines
of force concept associated with a phenomena measured in the units called
farads after Farady, whose insight into forces and fields has led

to the possibility of visualization of the electrical phenomena.
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23. QUESTION AS TO THE VELOCITY OF DIELECTRIC FLUX

It has been stated that all magnetic lines of force must
be closed upon ﬁhemselves, and that all dielectric lines of force
must terminate upon a conducting surface. It can be infered
from these two basic laws that no line of force can terminate
in free space. This creates an interesting question as to the
state of dielectric flux lines before the field has had time to
propagate to the neutral conductor. During this time it would seem
that the lines of force, not having réached the distant neutral
conductor would end in space at their advancing wave front. It
could be concluded that either the lines of force propagate instantly
or always exist and are modified by the electric force, or voltage.
It is possible that additional or conjugate space exists within
the same boundaries as ordinary space. The properties of lines
of force within this conjugate space may not obey the laws of

normally conceived space.



TABLE L

Magnetic Field.

Dielectric Field.

Magnetie flux:

« = Li 108 lines of magnetic force.

Inductance voltage:

,_ _dd o 7 @8
(-—nml()— -Ldtvolts.

Magnetic energy:

w =

Le joules
g YRS

\Magnetomotive force:

F = ni ampere turns.

Magnetizing force:

ampere turns per c¢m.

Magnetic-field intensity:

Dieleciric Hux:
¥ = Ce¢ lines of dielectric force, or

: _coulombs.
Capacity current:
., dY de T
=e= =L = .
it g erere

3 = 47f10! lines of magnetic

force per cm?,

Magnetic density:

-

® = uJC lines of magnetic force
per cm?.

Permeability: u

Magnetic flux:

¢ = A® lines of magnetic force.

Dielectric energy:

Cet

2

w = joules.

Electromotive force:
¢ = volts.

Electrifving force or voltage gra-
dient:

- €
G = Z\‘olts per cm.
Dietectric-field intensity:
" & s : .
K = yyn 10° lines of dielectric
force per cm?, or coulombs
per cm-.

Dielectric density:

D = K lines of dielectric force
per cm?, or coulombs per
coy.

Permittivity or specific capacity: «

Dielectric flux:

¥ = AD lines of dielectric force,
or coulombs.

v=3X10"°=

velocity of light.




TABLE II.

Magnetic Circuit.

Dielectric Circait.

Electric Circuit.

eTTT T

. Magnetic flux (magnetic

;  current):

& = lines of magnetic
force.

Magnetomotive force:
F = ni ampere turns.

Permeance:

®
M s

Inductance:
L="210-1="210s
F 3

henry.

. Reluctance:

F
R=g

!

Magnetic energy:
Li: Fo

b 5)
-

Magnetic density:

®=— =pJClinespercm?.

it
A
Magnetizing force:

/=

l

cm.
Magnetic-field intensity:

JC = 4xf.

. Permeability:

-3
3

Reluctivity:
/

pP= ¢

Specific magnetic energy:
wy = ———'4'2“1’ ="'—;-“ 10~ =
H®
8

k2

107 joules per cm?.

10—* joules. '

ampere turns per‘

Dielectric flux (dielectric
current):
¥ = lines of dielectric
force.
Electromotive force:
e = volts.

Permittance or capacity:

C=§famds. g=£mhos.
(Elastance): Resistance:

1 e _¢

Rk = r=3 ohms.
Dielectric energy: Electric power:

Cer eV, p=rit=ge=el

r=75 =3 joules. watts.

Dielectric density: Electric-current
density:
D=i_;=xKlinespercm’. 1= —j{ = ~G am-
i ’ perespercm?.

‘ Dielectric gradient:
= ; volts per cm.

Electric current:

i = electric cur-
rent.

Voltage:
e = volts.

Conductance:

Electric gradient:
G = ; volts percm.

. Dielectric-field inten-|
. sity:
G
t K = z'—';lo’. )
| Permittivity or specific| Conductivity:
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D I
= X' Y= amho—em.
; (Elastivity M: Resistivity:
1 K 1 G
! =D p=;=70hm—cm.
! Specific dielectric energy:| Specific power:
e GD ..,
wg=-4—t—-0,10'=-—2-10- m-pl‘a@-a[
| 2x?KD joules per cm’. WS ¥,

|
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I. IxTrRODUCTION

In the following paper are outlined some results of the appli-
cation of the theory of circuits having uniformly distributed
clectrical characteristies to the cleetrical oscillations in antennas
and inductance coils. Experimental methods are also given for de-
termining the constants of antennas and experimental results
showing the cfiect of imperfect diclectries upon antenna resistance.

The theory of circuits having uniformly distributed charac-
teristics such as cables, telephone lines, and transmission lines
has been applied to antennas by a number of authors. The
results of the theory do not scem to have been clearly brought
out, and in fact erroncous results have at times been derived
and given prominence in the literature. As an itlustration,
in one article the conclusion has been drawn that the familiar
method of determining the capacity and inductance of antennas
by the insertion of two known loading coils leads to results which
are in very great error.  In the following treatment it is shown
that this is not true and that the method iz very valuable.

Another point concerning which there scems to be consider-
able uncertainty is that of the effective values of the capacity,
inductance and resistance of antennas.  In this paper expres-
sions are obtained for these quantities giving the values which
would be suitable for an artificial antenna to represent the actual
antenna at a given frequency.

The theory is applied also to the case of inductance coils
with distributed capacity in which caze an explanation of o
well-known experimental result is obtained.

Experimental methods are given for determining the con-
stants of antennas, the first of which ix the familine method
previousiy mentioned. Tt i shown that this mctheed m reality
gives values of capacity and inductines of the antenna close to
the low frequency or static values and may he corrected <o as to
sive these values very aceurately. The secomd method con-
corns the determination of the ofcetive values of the capaeity,
inductance, and resistance of the anienna.

In the portion which deals with the resiztance of antennas,
a series of experimental results wre given which explain the
lincar rise in resistance of antennas as the wave length o= in-
creased. It is shown that thi= charaeteri=tic feature of antenna
resistance curves is caused by the presence of imperfect diclee-
tric such as trees, buildings, and =0 on, in the ficld of the
antenna, which causes it to bebave as an absorbing condenser.
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II. CircuitT witd UNirorMLY DISTRIBUTED INDUCTANCE AND
CaracIty

The thcory, generally applicable to all circuits with uni-
formly distributed inductance and capacity, will be developed
for the case of two parallel wires. The wires (Figure 1) are of
length [ and of low resistance. The inductance per unit length

>
R (]

X0 Dd=-C d

Figure 1

L, is defined by the flux of magnetic force between the wires per
unit of length that there would be if a steady current of one
ampere were flowing in opposite directions in the two wires.
The capacity per unit length C, is defined by the charge that
there would be on a unit length of one of the wires if a constant
emf. of one volt were impressed between the wires.  Further the
quantity L,=I[L, would be the total inductance of the circuit
if the current flow were the same at all parts. This would be
the case if a constant or slowly alternating voltage were applied
at =0 and the far end (z=1) short-circuited. The quantity
C,=1C, would represent the total capacity between the wires
if a constant or slowly alternating voltage were applied at z=0
and the far end were open.

Let us assume, without defining the condition of the circuit
at =1 that a sinusoidal emf. of periodicity w=2 =iz impressed
at =0 giving rize to 2 current of im=tantancous value 7 at A and

a voltage between A and D equal to e, At 8 the curcent will be
., 91 . drv
1+ — dx and the voltage from B to C will be e+ 2= i r.

dr : Jdr

The voltage around the rectangle A 3C D will be equal to
the rate of decrease of the induction thru the rectangle; hence

C9 a .. ., -
<L +0-1',)/[I—L == (Lyidz)
de d:
-=—], 1
ar 91 (1)

Further the rate of increuse of the chargc q on the clementary
length of wire AB will be equal to the excess in the current
flowing in at A4 over that flowing out at B.
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Henee

dq 4 ., . A
a(~a-[((‘I{I.r)—1—<z+a:(11)
ai av
e 2
B v (2)

These equations (1) and (2), determine the propagation of the
current and voltage waves along the wires. In the case of
sinusoidal waves, the expressions

v=coswi(d cosm\/C L, t+Bsin w1, z) (3)
. . i, . e gl B B
i=sinwmt \/1—' (AsinwNCiiax—=Bcosw~\"C L, 7) (4)
'L,
are solutions of the above equations as may be verified by sub-
stitution. The quantities 4 and B are constants depending
upon the terminal conditions.  The velocity of propagation of
the waves at high frequencies, is

I’ ]

\/I«l('l
1. Tue ANTENNA
1. REACTANCE OF THE AERIAL-GRrROUND Pogrtiox
The acrial-ground portion of the antenna (D in Figure 23

will be treated as a line with uniformly distributed inductance,
capacity and resistance.  As is common in the treatment of

C
ANANNINNA AN INANAINA R VA A A A
SY A x Y WO T

d '| n ll‘ A 3 S

IR S I M e ,T‘,.

vVIVVVVVYVVVUVYVVY YV YLy

Il‘

1
VY]

—_ : : : '

Frovne 2— \ntenin Repreesented as o0 Line with
Uraform Distebaution of Tnduetince sond Cupaenty

H(liu cirenit=, the resistance will be considored 1o he =0 Jow as
not to affeer the frequenes of the oscitlations or the distribution
of current and voltage. The lead-in 20 Fignre 20 will he



considered to be free from inductanee or eapacity exeepting as
inductance coils or condensers are inserted (at A4) to modify the
oscillations.

Applying equations (3) and (4) to the aerial of the antenna
and assuming that =0 is the lead-in end while z=1is the far
end which is open, we may introduce the condition that the
current is zevo for r=0L TFrom (4)

A J .
— =col w\NCil,! ("))
B
Now the reactance of the acrial, which includes all of the an-
tenna but the lead-in, ix given by the current and voltage at
r=0. These are, from (3), (4), and (5),

v.=A coswi=Bcol » \/(-—,I-, l cos w !
igw

[,=— \!‘;—-l Bsinwt

~1

The current leads the voltage when the cotangent s positive,

and lags when the cotangent is negative. The reactance of the

acrial, given by the ratio of the maximum values of ¢, to 1,08

[ ORD |5 N

\‘(‘1

or in terms of C =1 and L, =11,
/ bpn G )
Xiem \!{‘.':“ N (6)
: . 1
or =since 1'=
VL

N=—/.,Vcotw~ v(,! L, [

cwiven by oS0 Stone!

’

At low frequencies the rescianee is negative sund henee

1
the acrial behaves as weapacity, AU the frequeney £ = e
‘ bl
the reaetanee becomes zero s bevond thes frequeney = posthive

1
2 O
actance bhecomes infinite. This varintion of the aerial rewe-

or inductive up to the frequencey 7= at which the re-

tance with the frequeney i< shown by the cotangent cirves i
Figure 3.

tstone, o< e Tun, Blees Conress St Loais, B0 pe 5950 1oud
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Frovne 3—\Varintion of the Reactance of the Aerial of an Antenna with
the Irequencey

2. NATURAL FREQUENCIES OF OSCILLATION

Those frequencies at which the reactance of the aerial, as
given by cquation (6), becomes equal to zero are the natural
frequencies of oscillation of the antenna (or frequencies of re-
sonance) when the lead-in is of zero reactance. They are given
in Figure 3 by the points of intersection of the cotangent curves
with the axis of ordinates and by the equation

m

=—-==: =1, 3. 3, ctec.
/ 1\ C,L,

The corresponding wave lengths are given by

I ! 4!

i NC.L, om
oo d 104 304 504 70etes, ties the length of the aerial. I,
however, the lead-in has @ reactance X, the nataral frequencies
of oscillation are determined by the condition that the total
reactance of lead-in plus acrial shall be zere, that is:

N, +X=0
provided the reactances are in series with the driving emlf.
(ai  Loavine CoiL iz Leap-In. The most important prac-

tical case i= that in which an inductance coil is inserted in the
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lead=in. If the coil has an inductance L its reactance N, =wl.
This is a positive reactance increasing Jincarly with the fre-
queney and represented in Figure 4 by a solid line. Those fre-
quencies at which the reactance of the coil is equal numerically
but opposite in sign to the reactance of the nerial, are the natural
frequencies of oscillation of the loaded antenna since the total
reactance X+ X =0. Graphically these frequencies are deter-

25e

Zooe

1500

1000

Reaclance
<

24 26X 10%w

loec

Sco Lot SOMN
Co s 00008 LS.
Le 100N
20
250 Ses

Ficure 4—Curves of Acrial und Loading Coil Reactances

mined by the intersection of the straight line— X, = —wL
t<hown by a dashed line in Figure $) with the cotaneent curves
representing Xoo [t ix evident that the frequeney i= lowered by
the inscrtion of the loading coil and that the higher natural fre-
quencies of vscillation are no longer integral multiples of the
lowest freguencey.

The condition X+ X =0 which determines the natural fre-
quencies of oscillation leads to the equation

L., —
mL — \ = col w ‘\/( ,,L“=0

o

or

col ‘\/( VI,L,_. s [1 (t)

(0 \/(.'u Ln 1“’

B4



This cquation has heen given by Guyvan® and L. Cohen. It
determines the periodicity w and henee the frequencey and wave
length of the possible natural modes of oscillation when the
distributed capacity and inductance of the acrial and the in-
ductance of the loading coil are known. This equation cannot,
however, be solved direetly; it may be solved graphically as
shown in Figure 4 or a table may be prepared indireetly which
gives the values of w VC, L, for different values of L from

’
‘0

which then o, J or i may be determined. The sccond column
of Table I gives these values for the lowest natural frequencey
of vscillation, which is of major importance naturally.

(b)  CONDENSER IN Liap-IN. At times, in practice, a con-
denser is inserted in the lead-in, If the capacity of the condenser
s C. its reactance is X.=- L

(U(

Figure 5 by the hyperbola drawn in solid line.  The intersection

This reactance is shown in
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Frovke 5—Curves of Aerial and Series Condenser Reaetanees

of the vegative of this curve tdrawn in dashed lines with the
cotungent eurves representing X gives the frequencies for which
SGaven, A\ Lumidre Electrique,” 15, p. 13 1011,
SCohen, Lo o Eleetriead \Vuth"UJ,[L 286 1915,
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DATA FOR LOADED ANTENNA CALCULATIONS
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Ne+ X =0, and henee the natural frequencies of oscillation of

the antenna. The frequencies are inereased (the wave length

decreased) by the insertion of the condenser and the oscillations

of higher frequencies are not integral multiples of the lowest.
The condition X,+ X=0is expressed by the equation

= t‘lﬂ"_\/@ = g (9)
wNColy  Cs

which has been given by Guyau. Equation (9) may be solved
graphieally as above or a table similar to Table I may be prepared

giving o \/C,L, for different values of ok More complieated

circuits may be solved in a similar manner.

3. EFffFecTIVE RESISTANCE, INDUCTANCE, AND CAPACITY

In the following, the most important practical case of a load-
ing coil in the lead-in and the natural oscillation of lowest fre-
queney will alone be considered. The problem is to replace
the antenna of Figure 6 (a) which has a loading coil L in the lead-
in and an acrial with distributed characteristics by a circuit
Figure 6 (b) consisting of the inductance L in series with lumped
rezistance R, inductance L,, capacity .. which are’equivalent
to the acrial. Tt is necessary. however, to state how these
effective values are to be defined.

é Re Le

L L
i
|

a

Ficrre 6

In practice the quantities which are of Huportance in an
antenna are the resonant wave lenoth or frequency and  the
current at the current maximun.  The quantities L, and (),
are, therefore, defined as those whicl will give the circuit (b) the

J0s



same resonant frequency ax the antenna in (a). Further the
three quantities L., C,, and 2, must he such that the current in
(b) will be the same as the maximum in the antenna for the
same applied emf. whether undamped or damped with any
decrement. These conditions determine L, Co, and R, uniquely
at any given frequency, and are the proper values for an arti-
ficial antenna which is to represent an actual antenna at a particu-
lar frequency. In the two circuits the corresponding maxima
of magnetic energies and clectrostatic energies and the dissipa-
tion of energy will be the same.

Zenneck! has shown how these cffective values of inductance
capacity and resistance can be computed when the current and
voltage distributions are known. Thus, if at any point r on
the oscillator, the current ¢ and the voltage v are given by

i=Ifx);v=V¢(z)
where I is the value of the current at the current loop and T
the maximum voltage, then the differential equation of the
oscillation is
al

a1 » ' 1

i) 2,1 - il = = 2 N =0
C.”[Rnf(l’) dll-*-al2 Lif(x) ’1L+:_/_‘§_xf¢_(£)__’l_£:‘z
JSCid(x)Fdx

where the integrals are taken over the whole oscillator. If we
write

R.= SR f(z)dx (10)
L=JSLf(x)?dz (11)
SO iith

i j‘('\¢(.l'|:'l.l'
the equation becomes

al,, o1 1

N & S . =0
S dt gt (.,

R
which ix the differential equation of oscillation of w simple cir-
enit with lumped resistance, induetancee, and cupacity of values
R.. L,, and C.and in which the current i< the =ame as the maxi-
mum in the distributed case.  In order to evaluate these quan-
tities, it is necessary only to determine £ i) and @ (o); that 1is,
the functions which =pecify the diztribution of curvent and vol-
tage on the oscillator.  In this connection it will be assumed
that the resistinee is not of nnmportance in determining these
dixtributions.

T Zenneek, “Wireless Telegraphy ™ Translated by AL E. Seeligi, Note 10,
p. 110,
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At the far end of the acrial the current is zcro, that is for

z=I; 44;=0. From cquations (3) and (4) for z=1

vy=cos wt (A CcoS w \/Can l+Bsinw\C\L; l)
IC. At =
=sinwl \)(I}‘ (A sinw+/C\L|=Bcos w VC LD
. 1 A
and since ;=0
AsinwC Li!=Bcosw VC L1

Trom (3) then we obtain
=rc08 (0 VCiL([—w VC I, T)
Hence ¢(J:)=cos(w\/CTL_,l—m VC L, 1)

Now for t=0 from (4) we obtain

2 a
in= -B V’E—‘sinwt= —A \/(‘;l tan w \/ClLllSl‘n wl
whence i sin (@ \/L Lil—w Ly )
sinwNC, L {
and f(r) 5lrl_g_u_1__\££__L_L1_—_w \/( L| z)

sinw V0, L\

We can now evaluate the expressions (10), (11), and (12). From

(10)

R =fIR Sl'n:((u‘\/(,',[,,1—-(u\/(f,L,I)dl‘
‘ o l Sl’n’w‘\/le

_‘ s I:!_s._rl”m\/(l:l]
S w \{/(.'1 L,/ {w \/}_(_1_1_4_1
_ R [ J___, _cot o N ( L}
2 lainteov ‘C. L., w \/”(',: [:,, (13)

and from 110 which contains the sune form of inte eral

[,L,=[f”[‘,—'"l—,"-*——wlw\ ( L] (H)
2 st C, L, w N\ C L

and from (12}

i VSO cos (w A (»_“L,l—zu\ ¢, L,x)dr,
y _/’ ;. cus® 4:1\/(_114,1 o\ (1[«| .r)r/.l
(':\/l@':‘ \/( ILI
: ‘w\/( /)

——( (1 i .-{N 111_\, i I,l1>
"o T revilada

C., SR (15)

B oA\ (ﬂ ., col w \"‘/( L,—. + “"_:,,I‘.“.f“ s ]
o 25 n*w\/C, L.
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The expressions (14) and (15) should lead to the same value
for the reactance X of the acrial as obtained before. It is readily
shown that

1 L.

X=wlL,— col w\/C, L,

wCe  NC,
agreeing with equation (6).

It is of interest to investigate the values of these quantities
at very low frequencies (w = 0), frequently called the static
values, and those corresponding to the natural frequency of
the unloaded antenna or the so-called fundamental of the an-
tenna.  Substituting w=0in (13), (14), and (15) and evaluating
the indeterminant which enters in the first two cases we obtain
for the low frequency values

R,
R.=3!
L
L=
e :‘;
C.=C, (16)

At low frequencies, the current is a maximum at the lead-in
end of the aerial and falls off linearly to zero at the far end.
The effective resistance and inductance are one-third of the
values which would obtain if the current were the same thruout.
The voltage is, however, the same at all points and hence the
cffective capacity is the capacity per unit length times the
length or C,,.

At the fundamental of the antenna, the reactance X of

cquation (6) becomes caual to zero and hence o VC. L, ="

)

Substituting this value in (13), (1-H), and (13) i
-t

Lc—[;-" (171
(o= 3 (

Hence in going from low frequencies up to that of the funda-

mental of the antenna, the resistance (negleceting radiation and

skin effeet) and the inductance tneglecting skin effect’ increase by

fifty per cent.. the capucity, however, decreases by about twenty
) 2

per cent. The incorrect values =L, and =, have been fre-

"
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quently given and commonly used as the values of the effective
inductance and capacity of the antenna at its fundamental.

These lead also to the incorrect value L, = %’ for the low fre-

quency inductance®.

The values for other frequencies may be obtained by sub-
stitution in (13), (14), (15). If the value L of the loading coil
in the lead-in is given, the quantity « /C,L, is directly obtained
from Table 1.

4. EQuivaLENT CircuiT wiTH LuMPED CONSTANTS

Insofar as the frequency or wave length is concerned, the
aerial of the antenna may be considcred to have constant values
of inductance and capacity and the values of frequency or wave
length for different loading coils may be computed with slight
error using the simple formula applicable to circuits with lumped
inductance and capacity. The values of inductance and capacity

. . . . g
ascribed to the aerial are the static or low frequeney, that is, 3

for the inductance and C, for the capacity. The total inductance

in case the loading coil has a value L will be L+[_13" and the

frequency is given by
N (9

;= 1884 \"<L+,—')(',, (19)

where the inductance is expressed in microhenrys and the capacity
in microfarads.  The accuracy with which this formula gives
the wave length can be determined by comparison with the
exact formula (8). In the second column of Table I are given

s These values are given by J. H. Moreeroft in “Proe. L RUOE 5, p.3sy,
1917, It may be shown that they iead to correct values for the reactance of
the aerial and henee to correet values of frequeney as was verified by the ex-
periments.  They are not, however, the values which would be correet foran ur-
tificial antenozn in which the current must. equal the naximum in the actual
antenna and in which the energies must also be equal 1o those in the antenna.
The resistance values given by Prof. Moreeroft agree with these requirements
and with the values obtamed here.

Vidues for the effective inductance and capacity in agreement with those
of equation (17) above have heen given by Go W, 0. Howe. “Yearbook of
Wirciess Telegraphy and Telephony,” page G4, 1917,
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the values of wV/ C, L, for different. values of L, as computed by
formula (8). Formula (18) may be written in the form

w \/Lo Ca = e

\z

1
1
g

so that the values of w \/E:IJ_“, which are proportional to the
frequency, may readily be computed from this formula also.
These values are given in the third column of Table I and the
per cent. difference in the fourth column. It is seen that formula
(18) gives values for the frequency which are correct to less than
a per cent., excepting when very close to the fundamental of the
antenna, i. c., for very small values of L. Under these con-
ditions the simple formula leads to values of the frequency
which are too high. Hence to the degree of accuracy shown,
which is amply sufficient in most practical cases, the aerial can

be represented by s static inductance %— with its static capacity C,

in series, and the frequency of oscillation with a loading cotl L
in the lead-in can be computed by the ordinary formula applicable
{o circutls with lumped constants.

In an article by L. Cohen,® which has been copied in several
other publications, it was stated that the use of the simple wave
length formula would lead to very large errors when applied
to the antenna with distributed constants. The large errors
found by Cohen are due to hix having used the value L, for the

p e s L, . . .
inductance of the acrial, instead of 3": in applying the simple
formula.

IV. Tue Ixpveraxce Coin

The transmission line theory can also be applied to the
treatment of the effects of distributed capacity ininductance
coilx. In Figure 7 (a) is represented o <ingle layer solenoid
connected to a variable condenser ¢. 4 and Bare the terminals
of the coil, D the middle, and the condensers druwn in dotted
lines are supposed to represent the capacities between the dif-
ferent parts of the coil. In Fieure 7 thy the =ame coil 1s repre-
cented as a line with aniformly  distributed inductance and
capacity.  These assumptions are admitredly rough, but are
comewhat justificd by the known similarity of the oscillations in
long =olenoids to those ina simple antenna.

6 Xee foot-note 5.
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Ficvre 7—Inductance Coil Represented as a Line with Uniform
Distribution of Inductance and Capacity

1. Reactance ofF THE CoIL
Using the same notation as before, an expression for the
reactance of the coil, regarded from the terminals 4 B (x=0),
will be determined considering the line as closed at the far end
D (x=10). Equations (3) and (4) will again be applied. taking
account of the new terminal condition, that iz, for o={; ¢=0.
Hence y
dcosw\N/C Lil=-Bsinw VO L
and for r=0
v,=A cos(ul=—-Blanw\/E‘T[:lcos:ut

) s s
1,= — /——Bsmwt
L,
which gives for the reactance of the coil regarded from the
terminals A B,

N = \(L—" tan o\ {—l—lj !
N it b R (20)

o tanw~/C. L.

o

2. NATURAL FREQUENCIES OF USCILLATION

At low frequencies, the reactance of the coil is very small
and positive, but increases with inereasing frequency and hecomes
infinite when w'C, Lu=:—;. Thix represents the lowest fre-
quencey of natural oscillation of the coil when the terminals are
open.  Above this frequency the reactance is highly negative,
approaching zero at the frequeney w VO, L,==. Inthixrange
of frequencies, the coil behaves asa condenser and would require

T4



an inductance across the terminals to form a resonant cireuit.
At the frequency w+/C,L,== the coil will oscillate with its
terminals short-circuited. As the frequency is still further in-
creased the reactance again becomes increasingly positive.

(a) CONDENSER ACROSS THE TerMiNALs. The natural fre-
quencies of oscillation of the coil when connected to a condenser
C arc given by the condition that the total reactance of the
circuit shall be zero.

X'+X.=0

TFrom this we have
’Ii’ tan w N/ Cy Lo = "y
\' Co v WwC

or COl (O] ‘\/C;:;—E) C
O N Luliy o (21)
w ‘\/Co Ln Cu

This expression is the same as (8) obtained in the case of the

loaded antenna, excepting that g— oceurs on the right-hand side

. L :
instead of ==, and shows that the frequency 1s deercased and

4
wave length inercased by increasing the capacity across the cotl
in 2 manner cntirely similar to the deerease in frequency pro-
duced by inserting loading coils in the antenna lead-in.

3. EquivaLExT CIrRcUIT WITH LUMPED CONSTANTS

It is of interest to investigate the effective values of induc-
tance and capacity of the coil at very Jow frequencies.  Expand-
ing the tangent in equation (20) into a series we find

w*C, L,

.\'I=U)I‘”(1+ S 4+ ... )
b)

and neglecting higher power terms this may he written

, 3 )
( o) [4”) ( = o ( '“

)

D]

) ('u

X
wl,—
This is the reactance of an inductance L, in parallel with a

. C, L , : . ]
capacity 3 which shows that at low frequencies the coil may be

. : i bl
reearded as an inductance L, with a capacity 3 across the

terminals and, thercefore, in parallel with the external condenser
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FURTHER DISCUSSION™* ON

“RLECTRICAL OSCILLATIONS IN ANTENNAS AXND
INDUCTION COILS” BY JOHN M. MILLER

By

Jonx H. Morrcrorrt

I was glad to see an article by Dr. Miller on the subject of
o~cillations in coils and antennas because of my own interest
i the =ubject, and also beeause of the able manner in which Dr.
Miller handles material of this kind.  The paper is well worth
studying.

I was somewhat startled, however, to find out from the
author that [ was in error in some of the material presented in
my paper in the ProceEeEpinGs oF THE INSTITUTE oF Rabpio
EnciNEERs for December, 1917, especially ax T had at the time
I wrote my paper thought along similar lines as does Dr. Miller
in his rreatment of the subjeet: this is shown by my treatinent
of the antenna resistance.

A~ to what the effective inductancee and capaetty of an an-
tenna are when it s oscillating in its fundamental mode 1= 1t
seems to me, a matter of viewpoint.  Dr. Miller concedes that
my treatment leads to correet predictions of the behavior of
the antenna and I concede the same to him: it i a question,
therefore. as to which treatment is the more logieal.

From the author’s deductions we must conclude that at
quarter wave length oscillations

L

2

S

Le=

Qlie . S

The vadue of Loreally comes from a consideration ot the
maunctic energy in the antenna keeping the carient e the
artificial antenna the same as the maximum valoe it faed e the
actual antenna, and then selecting the capacity of suitahle valoe
to give the artificial antenna the same narral period as the
actual antenna. This method of procedure will, as the aurthor
<tates. sive an artificial antenna having the same natural fre-
queney. magnetic enerey. and eleetrostatic cnergy, as the aeraal
antennn. keeping the current in the artificiad antenna the sane
as the maximum current in the actual antenue.

*Rocerved Bivohe Fdivor, Jane 26, 1019
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But suppose he had attacked the problem from the viewpoint
of cleetrostatic energy instead of electromagnetic energy, and
that he had obtained the constants of his artificial antenna to
satisfy these conditions (which are just as fundamental and
reasonable ax those he did satisfy); same natural frequency,
saune magnetic energy, =ame cleetrostatic energy and the same
voltage across the condenser of the artificial as the maximum
voltage in the actual antenna. He would then have obtained
the relations

L.= L. (3)

and ¢ = s (4)

Now cquations (3) and (4) are just as correet as are (1) and
(2) and moreover the artificial antenna built with the constants
siven in (30 and (4) would duplicate the actual antenna just as
well as the one built according to the relations given in (1) and (2).

I had these two possihilities in mind when writing in iy
origmad article “as the eleetrostatic energy 1z a funetion of the
potentizl curve and the magnetie energy is the same function
of the current curve, and both these curves have the same shape.
it s Jogeal. and so on.” Needless to =ay, I ~nll consider 1t
logical, and after reading this discussion I am stre Dr. Miller
will ~ee iy reasons for so thinking.

When applving the theory of uniform lines to cuils 1 think
overy anrge error is made at onee, which vitiates very largely
any conciusions reached.  The L and C of the coil. per centimeter
lengtii e by no means uniform. a necessary condition in the
theery of aniform lines: in o long <olenoid the L oper centimeter
nesie the center of the cotl 1> ey twiee as great as the Lope
centimerer at the ends, a faet which follows from elementary
theary sl one which has heen verified inour Liboratory by
measanng the wave length of o hich irequeney wave traveling
along such o ~olenoid. The wave lengtic 1= much <horter m the
center of the coil than it is near the ends. What the eapacity
per centiraeter of a =olenoid is has never heen measurved, T think,
hut 1t s nodonhtedly greater i the center of the cotl than near
the ends

The conchistons he reaches from his equaiton 220 that even
at s nateral frequeney the Loof the eoll may Te regarded as
cqual ta the low frequeney value of Loix valuable in <o far as

i enabies cne bhetter to predict the hehavior of tiwe coill but o



should be kept in mind that really the value of L oof the cail,
when defined as does the author in the first part of his paper in
terms of magnetic energy and maximuvm current. in the coil.
at the high frequency, is very much less than it is at the low
frequency.

One point on which 1 differ very materially with the author
is the question of the reactance of a coil and condenser, con-
nected in parallel, and excited by a frequency the same as the
natural frequency of the cirenit. The author gives the react-
ance as infinity at this frequeney, whereas it. is actually zere
When the impressed frequency is slightly higher than resonant
frequency there is a high eapacitive reaction and at a frequency
slightly lower than resonant frequency there ix o high inductive
reaction, but at the resonant fiequeney the reactance of the cir-
cuit is zero. The resistance of the circuit becomes infinite at
this frequency, if the coil and condenser have no resistance.
but for any value of coil resistance, the reactance of the com-
bination is zero at resonant frequencey.
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TESLA'S LONGITUDINAL ELECTRICITY
A Laboratory Demonstration with
Eric Dollard & Peter Lindemann.

If you've ever wondered if there are more uses to a Tesla
Coil than just making big sparks then this video is definitely
for you. Borderland Labs presents a series of experiments based
on actual Tesla patents providing the researcher with insights
n into the reality of Tesla's theories of electricity.

You will see physical experiments with Tesla's concepts,
some done for the first time, on The One-Wire Electrical
Transmission System, The Wireless Power Transmission System and
the Transmission of Direct Current Through Space.

You will see a novel form of radiant electric light which
attracts material objects but produces a repelling pressure on a
human hand! This light has the characteristics of sunlight and
opens research into true full spectrum incandescent lighting.

You will see DC broadcast through space in the form of a
dark discharge from a plasma column transmitter picked up by a
similar receiver. You will see a capacitor charged through space
with DC from a lightbulb utilizing Tesla Currents.

You will see a longitudinal shortwave broadcast £from
Borderland Labs to a nearby beach, using the Pacific Ocean as an
antenna! This heralds the beginning of the end of using large
radio towers for shortwave broadcasting. This experiment is done
for the first time on this video so you can learn as we did.
This is simply another day at the lab!

These experiments are done so that they can be reproduced by
any competent researcher, no secrets here! Eric built his
equipment from the surplus yards.

TN
Today's conceptions of a Tesla Coil provide the researcher [/
7 with little practical material. Eric Dollard reintroduces the &\ ”
"pancake" Tesla Coils in a series of experiments taken directly
4 from Tesla's work. No modern interpretations needed, we went to \\_///
the source and the equipment works! Construction details are

given so you can do it yourself!

.8 If you want to do some practical work with Tesla's theories
then this video will give you a good start. If you are a Tesla
fan then you will be happy to see Tesla's work and conceptions
vindicated with physical experiments. Either way you will find
that this is some of the most incredible Tesla material now
available to the public!!

60 mins, color, VHS, ISBN 0-945685-89-0.....

M%] HJ }‘&_'W“ﬂr

Lt

Aikola Testa, Inrentor




1991 BSRF PusLicaTiIONS & VIDEOS

THE ABC OF VACUUM TUBES (Lewis)
$9.95

A PRIMER OF HIGHER SPACE
(Bragdon) $13.31

A SYSTEM OF CAUCASIAN YOGA
(Walewski) $19.95

ABRAMS METHOD OF DIAGNOSIS
AND TREATMENT (Barr) $11.95

THE AIDS/SYPHILIS CONNECTION
(McKenna) VHS $29.95

THE AMAZING SECRETS OF THE
MASTERS OF THE FAR EAST
(Perara) $8.95

ARCHAIC ROCK INSCRIPTIONS
(Reader) $14.95

ASSORTED IDEAS ON TECHNOL-
OGY (Resines) $7.95

ASTRO-CLIMATOLOGY (Klocek)
VHS $29.95

ASTROLOGY & BIOCHEMISTRY
(Sawtell) $8.45

ASTROSONICS(Heleus)VHS $29.95

ASTRONOMY COURSE(Steiner)
$20.00

ATOMS & RAYS (Lodge) $16.95

AUSTRALIAN ABORIGINAL HEAL-
ING (Havecker) $11.00

AUTOMATED DETECTING DE-
VICES (Resines) $14.00

A BIPOLAR THEORY OF LIVING
PROCESSES (Crile) $34.95

BIOCIRCUITS (Patten) VHS $29.95

THE BOOK OF FORMULAS
(Hazelrigg) $7.50

THE CALCULATION AND MEA-

SUREMENT OF INDUCTANCE
AND CAPACITY (Nottage) $9.95
THE CAMERON AURAMETER (com-
piled) $14.95

THE CASE FOR THE UFO (Jessup)
$18.95

CENTER OF THE VORTEX (Hamilton)
$14.75

CERTAIN BODY REFLEXES (Intnl.
Hahnemannian Committee) $5.50

COLLECTED PAPERS OF JOSE
ALVAREZ LOPEZ (Lopez) $9.95

COLOR-ITS MANIFESTATION AND
VALUE (Cowen) $5.95

COLOR CAN CHANGE YOUR LIFE
(Hardy) $4.75

THE COMING OF THE GUARDIANS
(Layne) $11.95

THE COMPLEX SECRET OF DR. T.
HENRY MORAY (Resines) $11.95..

CONDENSED INTRO TO TESLA
TRANSFORMERS (Dollard) $11.00

THE COSMIC PULSE OF LIFE (Con-
stable) $24.95

THE CRYSTAL BOOK (Davidson)
$15.95

DEMONSTRATION OF INSTRU-
MENT THAT DETECTS A BIO-
PHYSICAL FORCE (Payne) VHS
$29.95

DIELECTRIC & MAGNETIC DIS-
CHARGES IN ELECTRICAL
WINDINGS (Dollard) $7.95

THE DROWN HOMO-VIBRA RAY
AND RADIO VISION INSTRU-
MENTS: Rate Atlas (Drown) $33.00

DR. SCHUESSLER’S BIOCHEMIS-
TRY, $3.45

EASY STRETCHING POSTURES —
For Vitality & Beauty (Stone) $7.95

THE EIDOPHONE VOICE FIGURES
(Hughes) $7.95

ELECTRICITY AND MATTER
(Thompson) $12.95

ELECTROMAGNETIC & GEO-
PATHICPOLLUTION (Wiberg) VHS
$29.95

ELECTRONIC REACTIONS OF
ABRAMS (Abrams) $11.95

ELECTRICDISCHARGES, WAVES &
IMPULSES, and OTHER TRAN-
SIENTS (Steinmetz) $23.45

ELEMENT AND ETHER (Brown) VHS
$29.95

THE ENERGY GRID I: FOUNDA-
TION, EQUATIONS AND RAMIFI-
CATIONS (Resines) $13.95

THE ENERGY GRID II: ANGLES,
MUSIC FROM THE SPHERES AND
J. LOBACZEWSKI (Resines) $24.95

THE ENERGY GRID III: MATH-
EMATICAL TRANSFORMATION
AND THE MANY-GRIDS THEORY
(Resines) $6.95

ESSENTIALS OF MEDICAL ELEC-
TRICITY (Morton) $29.95

THE ETHER AND ITS VORTICES
(KrafRt) $9.95

THE ETHER DRIFT EXPERIMENT
(Miller) $6.95

THE ETHERIC FORMATIVE
FORCES IN COSMOS, EARTH &

[Prices subject to change without notice]

MAN (Wachsmuth) $20.95
THE ETHER OF SPACE (Lodge) $15.95

THE ETHER SHIP MYSTERY (Layne)
$7.95

THE ETHER-VORTEX CONCEPT
(Millard) $3.00

EVOLUTION OF MATTER (Le Bon)
$39.95

EVOLUTION OF FORCES (Le Bon)
$29.95

EXPERIMENTS ON ROTATION
LEADINGTODEVELOPMENT OF
THE N-MACHINE (DePalma) VHS
$29.95

THE EYE OF REVELATION --The
Original Five Tibetan Rites of Rejuve-
nation (Kelder) $3.95

FIVE RITES OF REJUVENATION
(BSRF) VHS $29.95

FLYING SAUCERS and HARMONY
WITH NATURE (Crabb) $7.50

FLYING SAUCERS AT EDWARDS
AFB, 1954 (compiled) $7.50

FLYING SAUCERS ON THE MOON
(Crabb) $6.95

FOOTSTEPS ON THE HIGHWAY TO
HEALTH (Louise) $15.95

GLIMPSES OF THEUNSEEN WORLD
(Krafft) $6.95

GOLD RUSH GHOSTS (Bradley &
Gaddis) $9.95

GRAND ARCHITECTURE $3.33

HANDBOOK OF MEDICAL ELEC-
TRICITY (Tibbits) $16.95

H-BOMBS HAVE US QUAKING
(Dibble) $4.44-

THE HEART TO HEART TRANS-
PLANT (Crabb) $6.78

THE HENDERSHOT MOTOR MYS-
TERY (compiled Brown) $9.96

IMPLOSION -- The Secret of Viktor
Schauberger (Brown) $19.95

INDUCTION COILS (Lowell & Norrie)
$13.95

INTRODUCTION TO ELECTRONIC
THERAPY (Colson) $7.50

INVESTIGATIONS OF THE ELEC-
TRONIC REACTIONS OF
ABRAMS (compiled) $19.95

INVISIBLE RADIATIONS & THE
MANY GRIDS THEORY (Resines)
VHS $29.95



IS CANCER CURABLE? (Kullgren)
$15.95

THE KAHUNA RELIGION OF HA-
WAIl (Bray & Low) $6.95

THE KOCH TREATMENT for Cancer
and Allied Allergies (Layne) $9.95

THE LAKHOVSKY MULTIPLE
WAVEOSCILLATORHANDBOOK
(Brown) $16.95

LAKHOVSKY MWO (BSRF) VHS
$29.95

THE L.E. EEMAN REPORT (Brown)
$19.95

THE LIES AND FALLACIES OF THE
ENCYCLOPEDIA BRITANNICA
(McCabe) $7.50

THE LIFE & WORK OF SIRJ.C.BOSE
(Geddes) $20.75

LITHIUM & LITHIUM CRYSTALS
(Haroldine) $9.95

THE MAGICAL FREQUENCY BAND
(Hills) VHS $29.95

MAGNETIC CURRENT (Leeds-kalnin)
$4.45

MAN, MOON AND PLANT (Staddon)
$7.95

THE METATRON THEORY (Hilliard)
$5.55

M.K JESSUP & THE ALLENDE LET-
TERS (BSRF) $7.95

THE MORLEY MARTIN EXPERI-
MENTS AND THE EXPERIMENTS
OF DR. CHARLES W. LITTLE-
FIELD & WILHELM REICH $9.95

MY ELECTROMAGNETIC SPHERI-
CAL THEORY & MY MY EXPERI-
MENTS TOPROVEIT (Spring) VHS
$29.95

MY SEARCH FOR RADIONIC
TRUTHS (Denning) $9.95

NATURE WAS MY TEACHER (BSRF)
VHS $29.95

NEW HORIZONS OF COLOUR, ART,
MUSIC & SONG (Louise) $8.95s

NEW LIGHT ON THERAPEUTIC EN-
ERGIES (Galllert) $39.95

0, XYGEN THERAPIES (McCabe) VHS
$29.95

PATHOCLAST
BOOK $15.95

PATHOMETRIC JOURNAL and Ex-
perimental Data $17.95

THE PHENOMENA OF LIFE (Crile)
$29.95

PLANT AUTOGRAPHS & THEIR
REVELATIONS (Bose) $19.50

INSTRUCTION

THE POWERS BEHIND THE RAIN-
BOW (Nicolaides) $1.50

THE PRINCIPLE OF VARIATIONAL
HOMOGENEITY (Lopez) $6.95

PRINCIPLES OF LIGHT AND COLOR
(Babbitt) $100.00

PROCEEDINGS OF THE SCIENTIFIC
& TECHNICAL CONGRESS OFRA-
DIONICS AND RADIESTESIA, $29.95

THE PSYCHEDELIC EXPERIENCE
(Crabb compiled.) $7.65

PSYCHICAL PHYSICS (Tromp) $39.95

PSYCHO-HARMONIAL PHILOSO-
PHY (Pearson) $21.95

QUESTIONS AND ANSWERS ABOUT
ELECTRICITY $9.95

RADIANT ENERGY (Moray) $4.75

RADIATIONS OF THE BRAIN
(Brunler) $2.22

RADIOCLAST INSTRUCTION MAN-
UAL with Rate Atlas (Miller) $9.95

RADIONICS - MORPHIC RESO-
NANCE & SPECTRO-VIBRATORY
IMAGING (Beans) VHS $29.95

RADIONICS — NEW AGE SCIENCE
(compiled) $21.95

RAYS OF POSITIVE ELECTRICITY
(Thompson) $19.95

THE RAY OF DISCOVERY I: TESLA
(Vassilatos) VHS $29.95

THE RAY OF DISCOVERY II: RIFE
(Vassilatos) VHS $29.95

THERAY OF DISCOVERY IIl: MEDI-
CAL RADIONICS (Vassilatos) VHS
$29.95

REALITY OF THE UNDERGROUND
CAVERN WORLD (Crabb) $5.65

RELATIVITY AND SPACE (Steinmetz)
$21.12

REPORT ON RADIONIC RESEARCH
PROJECT $4.44

REVOLUTION IN FARMING & HUS-
BANDRY (Bast) VHS $29.95

ROYAL R. RIFE REPORT (compiled)
$15.95

SCIENCE & PHILOSOPHY OF THE
DROWNRADIO THERAPY (Drown)
$12.95

SECRET OF THE SCHAUBERGER
SAUCER (Resines) $4.95

SELF PROPULSION (Lopez) $5.95

SOME FREE ENERGY DEVICES (Res-
ines) $17.50

SPIRITUAL SCIENTIFIC MEDICINE
(Maret) VHS $29.95

THE STRUCTURE OF THE ATOM
(Krafft.) $6.95

SUNSPOTS & THEIR EFFECTS
(Stetson) $17.95

SYMBOLIC REPRESENTATION OF
ALTERNATING ELECTRIC
WAVES (Dollard) $8.65

SYMBOLIC REPRESENTATION OF
THE GENERALIZED ELECTRIC
WAVE (Dollard) $12.95

TESLA’S LONGITUDINAL ELEC-
TRICITY (Dollard) VHS $29.95

THEORY AND TECHNIQUE OF THE
DROWN HOMO-VIBRA RAY
(Drown) $29.95

THEORY OF WIRELESS POWER
(Dollard) $10.80

THREE GREAT AQUARIAN AGE
HEALERS (Crabb) $9.75

TRANSVERSE & LONGITUDINAL
ELECTRIC WAVES (Dollard) VHS
$29.95

T-SHIRTS $15.00

TWO INVENTORS RETURN AND
PROJECT HERMES (Wright) $7.45

YOU DON'T HAVE TO DIE (Hoxsey)
$22.95

VITIC Bochure (Layne) $7.95
VITIC POWER RODS $99.00

WORKING OF THE STARS IN
EARTHLY SUBSTANCE (Davidson)
VHS $29.95
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Borderland Research

SERVING HIGHER INTELLIGENCE SINCE 1945

A RENAISSANCE IS HAPPENING
IN THE BORDERLANDS OF SCIENCE!

A phenomenal rebirth of ancient knowledge and suppressed technology — a
far-reaching exploration of futuristic visions. THE JOURNAL OF BORDER-
LAND RESEARCH has been at the helm of these exciting discoveries for over 45
years, transporting its readers into a rich and provocative world of ideas and
practical information far beyond other contemporary scientific and New Age
publications.

Shedding the old, materialistic view of the world, this Free-Thought Scientific
Forum examines the living energy ofa living Universe, probing deeply beyond the
accepted boundaries of body, mind and spirit. Here you will find researchers from
all parts of the globe sharing their discoveries, exchanging ideas and opening wide
dynamic new avenues of exploration.

Fascinating subjects investigated in this Borderland beyond the visible world
include: Archetypal Forms and Forces of Nature, and Developing the Imagination
& Intuition to Perceive Them; Light & Color; Radionics; Dowsing, Homeopathy,
& Other Subtle Energy Arts; Ether Physics and the Rediscovered Ftherial Forces;
the Controversial Field of Free Energy & Devices You can Build; Orgone Energy;
Water - the Vital Substance of Life; Inventions of Nikola Tesla and the Secrets of
Electricity; Alchemy, Initiation and the Science of the Stars; The World Energy
Grid & Cosmic Weather Report; Anomalies and Fortean Phenomena; Hypnosis;
Photography of the Invisible and the UFO Enigma; and much, much more...
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Share in the birth of an evolved new science that will not only transmute your
awareness, but transform the world! Sign up now as a member of Borderland
Sciences and receive THE JOURNAL OF BORDERLAND RESEARCH.
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