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1. CAPACI TANCE

The phenonena of capacitance is a type of electrical energy
storage in the formof a field in an enclosed space. This space
is typically bounded by two parallel nmetallic plates or two
metallic foils on an intervening insulator or dielectric. A
nearly infinite variety of nore conplex structures can exhibit
capacity, as long as a difference in electric potential exists
bet ween various areas of the structure. The oscillating coi
represents one possibility as to a capacitor of nore conpl ex

form and will be presented here.

2. CAPACI TANCE | NADEQUATELY EXPLAI NED

The perception of capacitance as used today is wholly inadequate
for the proper understanding of this effect. Steinmetz nentions
this in his introductory book "Electric D scharges, Wves and
| mpul ses™. 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 anal ogy between the two conponents of the electric
field, the magnetic and the dielectric, and makes the consideration

of dielectric fields unnecessarily conplicated."

3. LINES OF FORCE AS REPRESENTATI ON OF DI ELECTRICI TY

Steinnetz continues, "There is obviously no nore sense in
t hi nking 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 quantity



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

Al the lines of magnetic force are closed upon thensel ves,
all dielectric lines of force termnate on conductors, but nay
form closed |loops in electromagnetic radiation

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

5. FARADAY AND LI NES OF FORCE THEORY

Faraday felt strongly that action at a distance is not possible
thru enpty space, or in other words, "matter cannot act where it
is not." He considered space pervaided with lines of force.
Al nost everyone is famliar with the patterns formed by iron filings
around a nmagnet. These filings act as nunerous tiny conpasses
and orientate thenselves along the lines of force existing around
t he pol es of the nmagnet. Experinent has indicated that a magnetic
field does possess a fiberous construct. By passing a coil of wre
thru a strong nagnetic field and listening to the coil output in
headphones, the experinmenter will notice a scraping noise. J. J.
Thonpson performed further experinents involving the ionization of
gases that indicate the field is not continuous but fiberous

(electricity and matter, 1906).



6. PHYSI CAL CHARACTERI STI CS OF LINES OF FORCE

Consi der 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 nutually repellent
springs. Anyone who has pushed together the |like poles of two
magnets has felt this springy mass. (Cbserve Fig. 2. Notice the
lines of force are nore dense along A B in between poles, and
that nore 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 nore
are pulling on A towards B than those pulling on A away fromB
we have the phenonena of physical attraction. Now observe Fig. 3.
Noti ce now that the poles are like rather than unlike, nore
or all lines pull A away from B; the phenonena of physical

repul si on.

7. MASS ASSOCI ATED W TH LINES CF FORCE I N MOTI ON

The line of force can be nore 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 representative of
electric force (volts/inch), and in addition to this tension
there is a mediumthrough which these tubes pass. There exists
a hydrostatic pressure against this nedia or ether. The val ue of
this pressure is one half the product of dielectric and nagnetic
density. Then there is a pressure 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 nedi um represents the nmagnetic reaction to growh in intensity
of an electric current. However, if a tube of force is caused

to nove endw se, 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 experinents performed
by Tesla involving the movement of energy with no acconpanying

magnetic field.

8. | NDUCTANCE AS AN ANALOGY TO CAPACITY

Much of the nystery surrounding the workings of capacity
can be cleared by close exam nation of inductance and how it
can give rise to dielectric phenomena. |nductance represents
energy storage in space as a magnetic field. The lines of force
orientate thenselves in closed |oops surrounding the axis of
current flow that has given rise to them. The |arger the space
between this current and its inmages or reflections, the nore

energy that can be stored in the resulting field.

9. MECHANISM OF STORI NG ENERGY MAGNETI CALLY

The process of pushing these lines or |oops outward, causing
themto stretch, represents storing energy as in a rubber band.
A given current strength will hold a |oop of force at a given dis-
tance from conductor passing current hence no energy novenent.
If the flow of current increases, energy is absorbed by the field as
the | oops are then pushed outward at a corresponding velocity.
Because energy is in motion an E.M.F. nust accompany the current
flow in order for it to represent power. The nmagnitude of this EM

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



FIG. & Ra. 3.

Fig.1¢ — Electric Field of Circuit.

Fig.1h— Electric Field of Conductor.



ceases changing in magnitude thereby becom ng 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 | oops contract. Because the EMF corresponds exactly to velocity
it reverses polarity and thereby reverses power so it now noves 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 LIMTS OF ZERO AND INFINITY

Many interesting features of inductance manifest thenselves
in the two limting cases of trapping the energy or releasing
it instantly. Since the power supply driving the current has
resi stance, when it is switched off the inductance drains its
energy into this resistance that converts it into the form of
heat. We will assunme a perfect inductor that has no self resis-
tance. |If we renove the current supply by shorting the term nals
of the inductor we have isolated it without interrupting any current.
Since the collapse of field produces EM- this EM will tend to
mani fest. However, a short circuit will not allow an EMF to
devel op across it as it is zero resistance by definition. No EMF
can conbine with current to formpower, therefore, the energy wll
remain in the field. Any attenpt to collapse forces increased
current which pushes it right back out. This is one formof storage

of energy.



11. INSTANT ENERGY RELEASE AS INFINITY

Very interesting (and dangerous) phenoma manifest thenselves
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 vani shed 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 attenpting to maintain current by producing

what ever EMF required. |If a considerable anmount of energy exists,

*

say several kilowatt hours (250 XKwH for lightning stroke), the ensuing
di scharge can produce most profound effects and can conpletely

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
mani festation of current flow but of an electric conpression

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

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



13. DI ELECTRI C ENERGY STORAGE SPATI ALLY DI FFERENT THAN MAGNETI C
ENERGY STORAGE

Unli ke magneti smthe energy is forced or conpressed inwards
rat her than outwards. Dielectric lines of force push inward into
internal space and along axis, rather than pushed outward broadsi de
to axisas in the magnetic field. Because the lines are nutually
repellent certain anounts of broadside or transverse notion can be
expected but the phenonena 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 nore energy that can be stored. This is the exact opposite of
magnetism Wth magnetism the units volunes of energy can be
t hought ofas working in parallel but the unit volunes of energy
in association with dielectricity can be thought of as working

in series.

14. VOLTAGE IS TO DI ELECTRICITY AS CURRENT IS TO MAGNETI SM

Wth 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. Wth capacity the field is produced
not by current but voltage. This voltage nust be acconpani ed 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. Wen
voltage increases a reaction current flows into capacitance and
t hereby energy accunul at es. If voltage does riot 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 conpression within the bounded space
is relieved. When the energy is fully dissipated the lines of force

vani sh.

15. AGAIN THE LIMTS ZERO AND I NFINITY

Because the power supply which provides charging voltage has interna
conductance, after it is switched off the current |eaking through
conduct ancedrains the dielectric energy and converts it to heat.
W will assune a perfect capacitance having no |eak conductance. |If
we conpletely disconnect the voltage supply by open circuiting the
termnals 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
attenpt towards field expansion raises the voltage which pushes the field
back inwards. Therefore, energy will remain stored in the field.
This energy can be drawn for use at any time. This is another form

of energy storage.

16. I NSTANT ENERGY RELEASE AS. INFINITY

Phenonmena of enornmous nagnitude manifest thensel ves when the
criteria for voltage or potential difference is instantly disrupted,
as with a short circuit. The effect is anal ogous with the open circuit
of inductive current. Because the forcing voltage is instantly w thdrawn
the field expl odes against the bounding conductors with a velocity
that nmay exceed light. Because the current is directly related to the

velocity of field it junps to infinity in its attenpt to produce



finite voltage across zero resistance. If considerable energy had
resided in the dielectric force field, again let us say several K.W.H.
the resulting explosion has al nost inconceivable violence and can
vaporize a conductor of substantial thickness instantly. D electric
di scharges of great speed and energy represent one of the npst

unpl easant experiences the electrical engineer encounters in practice.

17. ENERGY RETURNS TO MAGNETI C 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 limts the rise of current to a realistic value. The
capaci tance dunps all its energy back into the magnetic field- and

t he whol e process starts over again. The inverse of the product of
magneti ¢ 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 boundi ng the energies.

18. CHARACTERI STI C | MPEDANCE AS REPRESENTATI ON OF PULSATI ON OF ENERGY

FI ELD

The ratio of magnetic storage alBility to that of the dielectric
is called the characteristic inpedance. This gives the ratio of maxi mum
voltage to maximum current in the oscillitory structure However
as the magnetic energy storage is outward and the dielectric storage
is innard the total or double energy field pulsates in shape or size.
The axis of this pulsation of force is the inpedance of the system
di splaying oscillations and pul sation occurs at the frequency of

oscillation.



19. ENERGY | NTO MATTER

As the voltage or inpedance is increased the enphasis is on the
inward flux. If the inpedance is high and rate of change is fast
enough (perfect overtone series), it would seem possible the conpression
of the energy would transformit into matter and the reconversion of
this matter into energy may or may not synchronize with the cycle of
oscill ation. This is what may be consi dered supercapacitance,

that is, stable |longtermconversion into matter.

20. M SCONCEPTI ONS OF PRESENT THECORY OF CAPACI TANCE

The m sconception that capacitance is the result of accumulating
el ectrons has seriously distorted our view of dielectric phenonena.
Al so the theory of the velocity of light as a limt of energy flow,
whi |l e adequate for magnetic force and material velocity, limts our
ability to visualize or understand certain possibilities in electric
phenonena. The true workings of free space capacitance can be
best illustrated by the follow ng example. It has been previously
stated that dielectric lines of force nust term nate on conductors.
No Iine of force can end in space. |If we take any conductor
and renove it to the nost renote portion of the universe, no lines
of force can extend fromthis electrode to other conductors. It
can have no free space capacity, regardless of the size of the
el ectrode, therefore it can store no energy. This indicates that
the free space capacitance of an object is the sumnutual capacity of "ft

to# all the conducting objects of the universe.



21. FREE SPACE | NDUCTANCE IS I NFINTE

Steinmetiz in his book on the general or unified behavior
of electricity "The Theory and Cal culation of Transient Electric
Phenonena and Gscillation,” points out that the inductance of any
unit length of an isolated filimentary conductor nust be infinite.
Because no image currents exist to contain the magnetic field
it can growto infinite size. This large quantity of energy cannot
be quickly retrieved due to the finite velocity of propagation of the
magnetic field. This gives a non reactive or energy conponent to the

i nductance which is called el ectromagnetic radiation.

22. WORK OF TESLA,STEINMETZ AND FARADAY

In the aforenentioned books of Steinnmetz he devel ops sone rather
uni que equations for capacity. Tesla devoted an enornous portion of
his efforts to dielectric phenonena and made nunerous remnarkabl e di scoveri
in this area. Mich of this work is yet to be fully uncovered. It is
my contention that the phenonena of dielectricity is wide open for
prof ound di scovery. It is ironic that we have abandoned the I|ines
of force concept associated with a phenonena neasured in the units called
farads after Farady, whose insight into forces and fields has led

to the possibility of visualization of the electrical phenonena.
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23. QUESTION AS TO THE VELOCITY OF DI ELECTRI C FLUX

It has been stated that all nmgnetic |ines of force nust
be cl osed upon thenselves, and that all dielectric lines of force
must term nate upon a conducting surface. It can be infered
fromthese two basic laws that no line of force can termnate
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 reached 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 nodified by the electric force, or voltage.
It is possible that additional or conjugate space exists within
t he same boundaries as ordinary space. The properties of |ines
of force within this conjugate space may not obey the |aws of

normal Iy concei ved space.



TABLE 1I.

Magnetic Field. Dielectric Field.
Magnetie flux: Dielectric tux:
+ = Li 108 lines of magnetic force. e = Ct lines of dielectric force, or
_coulombs,
Inductance voltage: Capacity current:
dd di L, _dv . de
(="Wm— Ldtvolts 1_;17_(}’_[,
Magnetic energy: Dielectric energy:
w= 2 joules. I w = 7 joules.
Magnetomotive force: Electromotive force:
F = ni ampere turns. ¢ = volts.
Magnetizing force: ' El%qtriftying force or voltage gra-
ient:

p .
J — ~ ampere turns per cm. i e
' G =5 volts per cm.

Magnetic-field intensity: | Dielectric-field intensity:
W =4xf10~" lines of magnetic 5 G .
force per ems. ——10' hu of dielectric
fﬁf e per cm or coulombs
. . . per em?.
Magnetic density: Diglectric density: )
® = u3¢ lings of magnetic force D =«K lines of dielectric force j
per CM°. per cm?, or coulombs per
cmd.
Permeability: u ;  Permituivity or ecific capacity: «
Magnetic flux: | Dielectric flux:
o = A® lines of magnetic force. ' * =AD lines of dielectric force,
or coulombs.

v =3 X 10 = velocitv Of light.



Magnetic Circuit.

j Magnetic lux (magnetic

e current):

j  * =lines of magnetic
| force,

|

Magnetomotive force:
F = ni ampere turns.
;. Permeance:
+

Inductance:

henry.
Reluctance:

] Magnetic energy: |

w=—=-10—*joules.

Magnetic density:

® =A—=u.7Clinespe.rcm’.
Magnetizing force: j
F i
/=< ampere turns per:
cm. '
Magnetic-field intensity::
I - 4xf.
. Permeability:
.= St
Reluctivity:
P =<B..

TABLE II.

Dielectric Circuit.

Dielectricflux (dielectric
current):

¥= lines of dielectric
force.
Electromotive force:
e = volts.

Permittance or capacity:
C = -farads.
e
(Elastance):
| <1
C ¥
Dielectric energy:
_Ce?* _ eV,
w = - = 5 joules.

Dielectric density:

D = — =«K lines per cm3?.

Dielectric gradient:
G =: voltsper cm.

Dielectric-field
Slty:
G
K - mlo’-

Permittivity or specific

capacity:
D

(Elaativity ?):
1 K

inten-

Electric Circuit.

Electric current:

i = electric cur-

rent.
Voltage:
e = volts.
Conductance:
g =- mhos.
6
Resistance:
I = - ohms.
3
Electric power:
p = ri’ =ges =
watts.

Electric-current
density:

I=1=4+G am-
peres per CM°.

Electric gradient:
G --

j voltsper em.

Conductivity:

T=G mho-cm.
Resistivity:

p= -7=-—| ohm-cm.

Specific magnetic energy:; Specific dielectric energy: Specific power:

10-' joulesper cm.:

2xr*KDjoulesper am*.

watts par em?,



APPENDIX |

CARLE OF UNITS, SYMBOLS AND DIMENSIONS

Dimensiona!
ks ‘ormula Mo. oi No. of No. of
m . ) emu esu esu
Quantity Sgol_ v"Unitli B Defining Equation Exponents of cis erau o, of cgs esu ~o. O <o of
tionalize ks mics emu
L M f G
1 Lenuth L 1 0] o cm cm 10' 1
A A - I3 2 of o o cin? i cm? 104 1
p o= [ 3 0 0 g4 Lo ad 108 em? 108 1
Mom 0 S B ) 162 gram 103 1
! 0ot 1 g i d 1 ; 1
" f. cw g 1 ouv_1 ‘ am see :?fn\‘:cl 101 1
. ieration u a - L1 1 0 S cnisec* cin, sec? 102 1
e r newton fo = Ma 1 dyne 10 dyne 100 1
o };ne—,:y . joule = I‘L 2 - 0 107 erg 10' 1
10, Power Wit P = 2 1-3 0 eg. sec 107 10 1
11 Charge Q. ¢ couluinb F = Q1 f(4"°L:) 0 0 0 1 ab.coulemb 107t statcoulomb 10c 100c
12| Dielectric constant of .
free space 0 farad/m e - 1/ (uoc?) —3 -1 2 2 1 4xe3/107
11| Dielectric constant « farad.m ) —3 -1 q 2
14 relative o numeric & — ¢/e0 o o 0 o 1
Charye density
15|  volume p coulomb/m3 P - Q/ -3 ol o 1| abecoulomb/cm? 10-7 | statcoulomb/em?| c/10' 100¢
16l surface Pt coulomb/m* -2 n 0| 1| abcoulomb/cm?| 10-¢ | statcoulomb/em3| c/10 100¢
17 line fit coulomb/m 7t - Q/L —1 0| 0| 1| abcoulomb/cm 10-3 | statcoulomb/cm c/10 100c¢
18| Electric intensity E volt/m E - F/Q - -V/L 1 1-2]-1 abvolt,em 10¢ statvoit/cm 108/¢ 1/(100¢)
19| Electric '1ux denisity D coulomb/m? D - E - ¢/A -2 o o 1 4xc/108 100c
20| Electric flux ¥ coulomb v - DA ol 0 0 1 4w/ 10 4x10c 100c¢
21 Electnc potential \Y volt V - =E A L-2)—1 abvolt tos statvolt 10%/¢c 1/dO0Oc)
22 v volt V, — —da&jdt 2 1-2|—-1 abvolt 10 statvolt 108/¢ 1/(100c)
13 Capacnance r? farad C - Q/Vv -2 |-1) 2 2 abfarad 10~ statfarad c1/108 (100c)’
24| Current 1. i ampere | - Q/T 0| o0f-1 1 abampere 1a- statampere 10c 100¢
25| Current density J ampere/m? J - 1/4 -2 | 0|—1 1| abampere/cm? 10-8 | statampere/cm? | /108 100c
2(.| Resistance R ohmr R - Fa 2| fl-1|—2 abohm 100 statohm 108/¢? | 1/(100¢)*
Resistivity p ohm-m p - IL 3| 1|~ 1=2| abohm-cm 182 statohm-cm 10/ ¢t | 1/(100¢)*
23| Conductance G mho G - 1I/R —12[-1 1 2 abmho 107 statmho c2/10% (100¢)?
29| Conductivity I mho/m ff = t/p= J/E -3 |—1 5| 2 abmha,cm 10-1 statmho/cm c'/10' (100c)'
10| Electric pol-rization P coulomb/in? P - -tE - oL |-2 9 0| 1 aberulomb/em? 1073 | statcoulomb,cm? (/100 100c
31| Electric Suscef)tlblllty xo farad/m X. - P/E- eler - 1)[-3[-1 2] 2 1 dxc?/107
32 Electric dipole mo- ‘
ment e coulomb-m me - QL 1 0 I statcoulomb-cm 103%¢
3! Electn:energy density  wa joule “md -1 1-2 g 1 erg ‘em!? 10 1
TABLE OF UNITS, SYMBOLS, AND DIMENSIONS
Dlimensional ! !
ks = Fermula i No. u" No. of No. of
(Juantity Sym- Unit Defining Eauation txporents ot Cgs @mu e cgs esu -
tel I No. oi No. vi Ng, of
-~ mks mks emu |
L r Q
4 Permeabiiity of ‘ree
shace o henry, m so - 4y 10 1 11 0 =2 107 1w
'S| Permeabilitv henry - m u - B/ 0-2
in rel-tive numeric v o0 0 o 1
37 Magnetic pule p weber p - B - Lo 2 1- I‘— ! sty
Magnetic moment m aer m 1 -1 —1 pote-cm IR
Magnetic intensity H ampere/ M or H =L iLorF/p -1 0-1 vercted 1 tr, 10 1
. . newtos w‘_ber mibert, cm
41 Magnetic fuxilensity B weber, m? - 0 1‘ -1 1 4auss or tam |
maxwell cm* I
1 Magnetic rtux 4 weber ¢ - b - [\7 2o - 1‘7] maxwell 108
11 AMenetic jotential \Y G -S- UL 0 01 gilbert fr: 10 !
4\ MM ampere F -1 «—1 1 ir/10 !
44 Intensity vt magneti- \t weber/m? M - B - Bo- m/L? 0 1-—-1 -1 pole/em? or 10¢/4x
zation gauss/4* -
Inductance
AS of henry L - 0// 20 1 0 abhenry o 108/ct  1/(100¢)?
16]  mutual M henry M=o, - W/I 2 1 (=2 wbhenzy 100 104/t 1/(100¢)?
47 Reluctance ampere/weber | ® = F/a 2 |-1 0
4S Reluctivity 4 meter/f]enry » & 1/u -1 0] 2
19 Permeance (4 weber/amp & - 1R 2l 1 o|-2
50 Permittivity u henry/meter w - 1/ o102
51| EMF V. volt 2 1-7)-1 abvcyq * o8 statvolt 108/c  1/(100¢)
52| Poy nting's vector P watts, m? ® - EH 0 10-j 0 abwatt/cm? 100 statwatt/cm? 108 1
53| Magnetic energy den- .
Sity wm oule,/ m? wn - I{Bg‘! -1 1[-2 o erg/cmi 10 erg/cmi 10 1
24 Magretic suscepti- enry/n x= = M/ 1 1] o|—=2 henry/m 107/4x i
bility - pe(pr = 1) {

- 4x/10" henrys/meter. LForc - 2998 X 168 metors/soc, ss - ! /usc?- 107/(4wc3) - 8854 X 10-!1 farad/mew
For c - 3 X 10' meters/sec, « S'1/(36x10%) farad/meter
- - 898S X 10U 9X 10



I. INTRODUCTION

In the following paper are outlined some results of the appli-
cation of the theory of circuits having uniformly distributed
electrical characteristics to the electrical oscillations in antennas
and inductance coils. Experimental methods are also given for de-
termining the constants of antennas and experimental results
showing the effect of imperfect dielectrics 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 seem to have been clearly brought
out, and in fact erroneous results have at times been derived
and given prominence in the literature. As an illustration,
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 1t is shown
that this is not true and that the method :s very valuable

Another point concerning which there seems 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 aso to the case of inductance coils
with distributed capacity in which casec an explanation of a
well-known experimental result is obtained.

Experimental methods are wiven for determining the con-
stants of antennas. the firg of whirl) is the familiar method

previously mentioned. 1t is shown thut trs mcthead in vealivy
gives values of capacity and inductance ottt wnitentn close ta
the low frequency or static values and may be corrected <o ax to
give these values very accurately. The -ceowd method con-
cerns the determination of the ffcetivie values ot the capacity,

inductance, and resistance! of the zntenna.

In the portion which deals with the resistance of untennas,
a series of experimental results are given which explain the
linear rise in resistance of antennas as the wave length is in-
creased. 1t is shown that thiz characteristic feature of  antenna
resistance curves is caused by the presence of imperfect dielec-
tric such as trees. buildings, and so on, in the fidd of the
antenna, which cau.-es it to behave as an ubsorbing condenser.
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1. CIRCUIT WITH UNIFORMLY DISTRIBUTED INDUCTANCE AND
CAPACITY

The theory, generally applicable to al 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

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 onc
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,=1L,would be the total inductance of the circuit
if the current flow were the same at al parts. This would be
the case if a constant or slowly alternating voltage were applied
at z=0 and the far end (x=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 x= 0
and the far end were open.

Let us assume, without defining the condition of the circuit
at x=/. that a sinusoidal cmf. of periodicity « =2 = fisimpressed

at r =0 giving rise to a current of inztantancous value i a .1 and
avoltage between .1 and I) equal tov. At 3 the current will be
14— dx and the voltage from B to C will be ¢4+-— .

dx ' dx

The voltage around the rectangle .1 3 C Dwill be equal to
the rate of decrease of the induction thru the rectangle; hence

dx dt N

Further the rate of increase of the charge g on the clementary
length of wire A B will be equal to the excess in the current
flowing in at .4 over that flowing out at B.
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fTence

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=cos wl(dcos @ \/C Ly x4in o VO L 1) 3)
i=SNw tJ= (A xinw VL X—B8 cos w VO L) (4)

are solutions of the above equations ax 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 freguencies, is

1. Tur ANTENNA
1 Reac TaxceE OF THE Aertarn-C @ rovsn Pogrrioxs
The aerial-ground portion of the wantenna (D ill Figure 2|

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

e B C -

Frovue 2— Antennn Represented ac o Linettiin
Uniform oi-: mibeation 1 Induetinee and( ey

Wdio cirenits, resttaner will b considiorec to be so fow as
not to affect the frequency of the o=citlitions or the distribution
of current and voltawe,  The lead-in B0 Fignre 20 will he



considered to he free from inductanee or capacity excepting as
inductance coils or condensers are inserted (at A) to modify the
oscillations.

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

—=col toNC L./ (5)

Now the reactance of the acrial. which includes al of the an-
tenna but the lead-in, is given By the current and voltage a
r=(. Theseare, from (3), (4), and (5),

@, =.4coswl=0cotw\CLI cosw t

iz

Koy
= — \!\7]3 sSinw t
The current leads the voltage when t he cotangent is positive,
and lags when the cotangent 1= ncgative. The reactance ol the
acrial, given by the ratio of 1he maximum values ot ¢ to [, 1%

. J/‘: i
N = - \‘.‘,—,—COt m N

or 1 terms ol (7, =1C, and L,=11,

!

X=- \//f‘.fcot w Vol

orsince | =
v L.
A=, Vieotan. ¢ [, 1
as given by o) S0 Srone!
At low Dregiencies the reacianee - negative and  hienee

1
the aerial behaves as w capacity. At the frequency o= —

the reactance becomes zevo and bevond les trequeney s positive
1

or inductive up to the trequencey = 0 0 et which the re-

actance becomes infinite. | his variation of the aerial  vene-
tance with the frequeney i <hown by the cotangent curves in
Figure 3.

ttone, Jo s Trans Tor, Plee ©vmeres< ) Se Loas, U o 3550 Toud
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Froune 3—Variation of the Reactance of the Aerial of an Antenna with
the Frequeney

2. NATURAL FREQUENCIES OF OSCILLATION

Those frequencies at which the reactance of the aerial, as
given by cquation (G). 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 animates and by the equation

The corre<ponding wave fengrhs are given by

T f fVCL, om
\. v..4 1.4 3.4 5. 4 7. ¢te, times the length of the aerial.  If.
however, the lead-in has @ reactance A", the natural frequencies
of oscillation are determined by the condition that the total
reactance of lead-in plus aerial shall be zero, th:ut is:

N, +X=0
provided the reactances are in series with the driving emf.

(ai  Loaping CoiL IN Leap-IN. The most important prac-
tical casc i- that in which an inductance roil is inserted in the



lead-in. 1f the foll has an inductance L its reactance X; =w L.
This is a pogtive reactance increasing linearly with the fre-
quency and represented in Figure 4 by a solid line. Those fre-
quencies a which the reactance of the cail is equa numerically
but opposite in Sgn to the reactance of the aerial, arc the natural
frequencies of oscillation of the loaded antenna since the total
reactance X+ X = (). Graphically these frequencies are deter-
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mined by the intersection of the straight line— X, =— toL
:zhown by a dashed line in Figure 4) with the cotangent curves
representing A" [t isevident that the frequency i lowered By
the insertion of the loading foil aud that the higher natural fre-
quencies of oscillation are no longer integral multiples of the
lowest frequency.

The condition X;+ X =0 which determiner: the natural fre-
guencies of oscillation leads to the equation

f'/ L . :‘. COI W\ ("n Lu = 0

or
cot



This equation has been given by Guvau® and L. Cohen' It
determines the periodicity » and hence the frequency and wave
length of the possble natura modes of oscillation when the
distributed capacity and inductance of the aeria and the in-
ductance of the loading coll arc known. This equation cannot,
however, be solved directly; it may be solved graphicaly as
shown in Figure 4 or a table may be prepared indirectly which

gives the values of w +/C,L.for different values of--, from

which then to, f or 2 may be determined. The second column
of Table | gives these values for the lowest natural frequency
of oscillation, which is of major importance naturally.

(> Coxprxser IN LEAD-IN. At times, in practice, a con-
denser is inserted in the lead-in.  If the capacity of the condenser

is C. its reactance is X, = - . This reactance is shown in
<o(

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

/ C. cvccany

et ke Curves of Aeral a

ot the veautive of this curve (drawn in dashed line: with the
cotungent curves representing A' gives the frequencies for which

SGavan, Al Lumiére Eleetrique, ' 13, po i 1011
SCoben, o v Eleetrieal World, ™ 65, p. 286; 1915,
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DATA FOR LOADED ANTENNA CALCULATIONS
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X 4+A =(). and henee the natural frequencies of oscillation of

the antenna. The frequencies are increased (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.4+X =0 is expressed by the equation

c
- (9)
which has been given by Guy au. Equation (9) may be solved
graphically as above or a table similar to Table | may be prepared

giving C, i, for different values of — . More complicated

circuits may be solved in a similar manner.

3. EFFECTIVE RESISTANCE, INDUCTANCE, AND CAPACITY

In the following, the most important practical case of a load-
ing cail in the lead-in and the natural oscillation of lowest fre-
quency will alone be considered. The problem is to replace
the antenna of Figure 6 (& which has a loading coail L in the lead-
in and an aeria with distributed characteristics by a circuit
Figure 6 (b) consisting of the inductance L in series with lumped
resistance £,. inductance L,. capacity (',. which arce equivalent
to the aerial. It is nccessary. however, to state how these
effective values arc to be defined.

0000 ™

Re Le
I pmen
Ce
Ficrre o
In practice the quantities which arc of importance, in an
antenna are the resonant wave length or frequency and the

current at the current maximum. The quantifies L. and (',
are, therefore, defined as those which will give the circuit (b) the



same resonant frequeney as the antenna in (a).  Further the
three quantitiesL,, C,, and #, must be 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., C., and R, uniquely
at any given frequency, and arc the proper values for an arti-
ficia antennawhich isto represent an actual antennaat a particu-
lar frequency. In the two circuits the corresponding maxima
of magnetic energies and electrostatic energies and the dissipa
tion of energy will be the same.

Zenneck* has shown how these effective values of inductance
capacity and resistance can be computed when the current and
voltage distributions are known. Thus, if a any point x on
the oscillator, the current i and the voltage >> are given by

where | is the vaue of the current a the current loop and 1
the maximum voltage, then the differentidl equation of the
oscillation is

where the integrals are taken over the whole oscillator.  If we
write
R.= SR f(z)dz (10)
Lo=fLJf(r)dzx (11

the equation becomes
P al, | r)"[_le”
dt  of (,

which 1= the differential cquation of o=cillation of a simple cir-
cuit with lumped resistance, nductance, and capacity of values
R,, L,and (', and in which the current is the =ame as the maxi-
mum in the distributed caxe. In order to evaluate these quan-
tities, it is necessary only to determine fir) and @ (&); that is,
the functions which specify the distribution of current and vol-
tage on the oscillator. In thi< connection it will be assiumed
that the resstance is not uf importance in determining these
distributions.

‘Zenneck, "Wireless Telegraphy * Translated by AL 1L Seeligi, Note 10,
p. 410,



At the far end of the aerid the current is zero, that is for
x=1; { = 0. From oquations (3) and (4) for x = |
v,=costot (A costo \/C,LI+Bsinto \/C,L, 1)
i =sinw ty)™ (Asintov/CiL! —Bcosto v/ CL\D)
and since i, =0 -
A SNw VC I, =Bcosto/C,L\ 1
From (3) then we obtain
r =1, Cos (o VC. W\ —w A Cly )
Hence ¢ (X) =cos (At\/C,Lil—w \V/C\LX)
Now for x = 0 from (4) we obtain

1, = -B \’!ZJSin w\l’= —i\/%—' tan w \/C I} sin t0t
1 B |

whence _ . Xin(wNC L —w VO LX)
sinw~AC L1
and . v sin 0V Lo N/CIX)
J @)= L -

s.zn to V‘C’J’Al
We can now evaluate the expressions (10). (11), and (12). From
(10)

R — (-{psin»’(w VCiLil~'» VCiLixdx
sin- tu~/C, L{

stmw V'C, L[ L2 4o C L

2 Lm‘-' o\, L., N CoL,
aud from 11 which contiuns the same form of integral

2 l_.\'l'll: ) V C,,L,, w V (_‘,, L,,
and from (12)

i S cos (w A CiLy L=/ C L x)day e
./(: | ocos (_“’ \///("lx‘ L. \/('1[4| x)d,

- B
il a2
-
C, i (15)
o\ (Lt AL
2
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The expressions (14) and (15) should lead to the same value
for the reactance X of the aerial as obtained before. It is reudily
shown that

L
X=wl = — t w
‘ w U . \I\J/?o ‘

agreeing with equation (6).

It is of interest to investigate the values of these quantities
at very low frequencies (w = 0), frequently caled 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 = 0 in (13), (14), and (15) and evaluating
the indeterminant which enters in the first two cases we obtain
for the low frequency values

— RH
3
E.
L,
C.=C, (16)

At low frequencies, the current is a maximum at the lead-in
end of the aerial and fals dof 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
effective capacity is the capacity per unit length times the
length or C..

At the fundamental of the antenna, the reactance X of

equation (6) becomes equal to zero and hence w VC,.L.= e

Substituting this value in (13). (14), and (15)

— Rl!
R,= 5
Lc:2 (1
. 8
[

-

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

mental of the antenna, the resistance (neglecting radiation and

skin effect) and the inductance inegleering skin effect) increase by

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

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



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

These lead dso 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 consdered to have constant values
of inductance and capacity and the values of frequency or wave
length for different loading coils may be computed with dight
error using the smple formula gpplicable to circuits with lumped
inductance and capacity. The values of inductance and capacity

ascribed to the aeria are the static or low frequency, that is, —
for the inductance and C, for the capacity. The total inductance
in case the loading coil has a value L will be L+ - and the

frequency is given by
(18)

or the wave length in meters by

£ = 1884 \/L+2) 0, (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 coumn of Table | are given

s These values arc given by J. I, Moreeroft in Pr L6 E ). p.isw,
1917. It may bo shown that they lead to correct vulu s fur the reactance of
the aerial and hence to correct values of frequency as ' eas verified by the ex-
periments  They are not, however, the values which wo ld be correet foran ar-
tificial antenna i which the current must equal the 2aximuman the actual
antenna and i which the energies must aso be cqual to rhosen the antenna.
The resistance values given v Prof. Morceroft agree with these requirements
ar.d with the values obtained here.

Values fur the effective inductance and capacity in agreement with those
of equation (17) above have been (liven by Gi. W, 0. Howe. " Yearbook of
Wirciess Telegraphy and Telephony,” page fet'. 1917,




the values of w+/C, L, for different. values of L, as computed by
formula (8). Formula (18) may be written in the form

0 that the values of w v/C,L,, Which arc proportional to the
frequency, may readily be computed from this formula also.
These values are given in the third column of Table | and the
per cent. difference in the fourth column. It is seen that formula
(18) gives vaues for the frequency which are correct to less than
aper cent., excepting when very cdose to the fundamenta of the
antenna, i. c., for very smdl values of L. Under these con-
ditions the smple formula leads to values of the frequency
which arc too high. Hence to the degree of accuracy shown,
which is amply sufficient in mogt practical cases, the aerial can

be represented by its static inductance —-  with its static capacity C,,
(3]

in series, and the frequency of oscillation with a loading coil L

in the lear-in can be computed by the ordinary formula applicable

lo circuits with lumped constants.

In an article by L. Cohen,® which has been copied in severa
other publications, it was stated that the use of the smple 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 his having used the value L, for the

inductance of the aerid, instead of —: in applying the smple
formula.

IV. Tue Ixvrverance Coln

The transmission line theory can also he applied to the
treatment of the effects of distributed capacity in inductance
coils. In Figure 7 la) is represented a single layer solenoid
connected to a variable condenser (. .1 and B e the terminals
of the coil, D the middle, and the condensers drawn in dotted
lines are supposed to represent the capacities between the dif-
ferent parts of the coil. In Figure 7 (b the same cail is repre-
sented as a line with uniformly distributed inductance and
capacity. These asswmptions are admittedly rough, but are
somewhat justified by the known -imilarity of the oscillations in
long solenoids to those in a simple :rirenmat.

¢ =ve foot-note .



Ficvre 7—Induetance Coil Represented as a Line with Uniform
Distribution of Inductance and Capacity

1. REACTANCE OF THE COIL

Using the same notation as before, an expression for the
reactance of the coil, regarded from the terminas A4 B (=0),
will be determined considering the line as closed at the far end
D{.t=I). Equations (3) and (4) will again be applied, taking
account of the new terminal condition, that is. for x={: r=0.
Hence

dcoswA/CiL,l=—Bsinw VO L
and for x=0
v,=ACOSwt =— Btan w~/CL\l coswt

1,= — sinwt

which gives for the reactance of the coil regarded from the
terminals 4 B,

X' = lﬂ \ {'x]«;"

‘"

or A" v, L,, ‘30)

2. NATURAL FrrqQUENCIES OF OSCILLATION

At low frequencies, the reactance of the coil is very small
and positive, but increases with increasing frequency and becomes
infinite when w V CoL.=3. This represents the lowest fre-
qguency 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 v(', L.==. In thisrange
of frequencies, the cail behaves as a condenser and would require



an inductance across the terminals to form a resonant circuit.
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.

(2) CONDENSER ACROSS THE TERMINALS. The natural fre-
guencies 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
From this we have
<rr
J—tanw N C, Ly, - —T,
or cot w/Cy Lo _C .
L ~C (G

This expression is the same as (8) obtained in the case of the
loaded antenna, excepting that £ occurs on the right-hand side

instead of —> and shows that the frequency is decreased and

wave length increased by increasing the capacity across the cail
in a manner entirely similar to the decrease in frequency pro-
duced by inserting loading cails in the antenna lead-in.

3. EQUIVALENT CirctiT WITH LUMPED CONSTANTS

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

D]

and neglecting higher power terms this may be written

This is the reactance of an inductance L, in pardld with a
capacity c
(]

which shows that a low frequencies the coil may be

regarded as an inductance Lu with a capacity — across the

terminals and. therefore, in parald with the externa condenser
315



FURTHER DISCUSSION* ON

“ELECTRICAL OSCILLATIONS IN ANTENNAS AND
INDUCTION COILS" BY JOHN M. MILLER

BY

Joux H. Morecrorr

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

| was somewhat startled, however, to find out from the
author that. |1 was in error in some of the material presented in
my paper in the PrROCEEDINGS OF THE INSTITUTE or Rabio
Excizeers for December. 1917, especialy as | had at the time
| wrote my paper thought along similar lines as does Dr. Miller
in his treatment of the subjeet: this is shown by my treatment
of the antenna resistance.

A~ to what the effective inductance and capucity of an an-
tenna are when it is oxcillating in its fundamental node is, it
seems to me, a matter of viewpoint. Dr. Miller concedes that
my treatment leads to correct predictions of the behavior of
the antenna and | concede the same to him: it 1= 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

The value ot L really comes from a consideration of th «
machetie energy o in the antenna keeping the current in the
artificial antenna the <ame as the maximum value it had in the
actual antenna, and then xclecting the capacity oi suitable value
to give the artificial antenna the same natural peviod as the
actual antenna. This method of procedure will. us the author
states. wive an artificial antenna having the ~ame natural tre-
queney, maghetic energy. and electrostatic energy. as the wetial
antenna, keeping the current in the artificial antenta the ~me
as the maximum current in the actual antenu:.

o [l ve LNl Bdaorer, dane 26, 19109



But suppose he had attacked the problem from the viewpoint
of clectrostatic energy instead of clectromagnetic energy, and
that he had obtained the constants of his artificial wntenna to
satisfy these conditions (which are just as fundamental and
reasonable as those he did satisfy); same natural freguency,
same magnetic energy. same electrostatic energy and the same
voltage across the condenser of the artificial as the maximum
voltage m the actual antenna. He would then have obtained
the relatiens

Mow «quations (3) and (4) aie just as correct as are (1) and
2) and moreover the artificial antenna built with the constants
wiven in «3) and (4) would duplicate the actual antenna just as
well as thie- one built according to the retail ions given ill (1) and (2).

1 hac these two possibilities in mind when writing in myv
original article "as the clectrostatic energy is a function of the
potential curve and the magnetic energy is the same function
of the current curve, and hoth these curves have the same shape.
it s Jogieal. and so on”  Needless to say. | ~till consider it
logical, and after reading this discussion | am sure Dr. Miller
will see ny reasons for so thinking.

When applying the theory of uniform lines to cuils 1 think
a very anrye error is made at onee. which vitiates very largely
any roucinsions reached.  The L and (' of the coil. per centimeter
lengtii, n:e by no means uniforin. a necessary condition in the
thecry i uniform hues: in o limit <olenoid the /. per cent iimeter
nesit the eenter of Uhe cotl 1= nearly twice ws wreat as the L pen
centieter at the ends. a1 faet winch follows from elementary

theary sl one which has been verified in our laboratory by

mensanne the ol ircquency traveling
along suctc a ~olenoid. The wave length 1= much <horter in the
cenler ol the coil than it 1~ neat the ends.  What the capuctty
per centineter of a solenoid i- has never heen measured. | think.

but i1 18 v:miuuhhwll)’ oreater in the center of the coil than near
the ends

The conchistons he reaches from his equaiwn 22 that even
at 1ts natural frequency the /. of the coil may be regarded us
cqual ta e low frequencey value of Lois valuable i <o far as
Il enabies o better to predict t he behavior of (he voil. but 1



should be kept in mind that redly the vaue of L of the col,
when defined as does the author in the first part of his paper in
terms of magnetic energy and maximum current. in the coil.
a the high frequency, is very much less than it is a the low
frequency.

One point on which | differ very materially with the author
is the question of the reactance of a coil and condenser, con
nected in paralel, and excited hy a frequency the same as the
natural frequency of the circuit. The author gives the react-
ance as infinity a this frequeney, wheress it is actualy zere
When the impressed frequency is slightly higher than resonam
frequency there 1x a high capacitive reaction and at a frequency
dightly lower than resonant frequency there is a high inductive
reaction, but at the resonant frequencey the reactance of the cir-
cuit is zero. The resistance of the circuit becomes infinite ar
this frequency, if the coil and condenser have no resistance.
but for any value of cail resistance, the reactance of the com-
bination is zero at resonant frequency.



TESLA'S LONG TUDINAL ELECTRICITY
A Laboratory Denpnstration with
Eric Dollard & Peter Lindemann.

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

You will see physical experinments with Tesla's concepts,
some done for the first time, on The One-Wre Hectrical
Transm ssion System The Wreless Power Transm ssion System and
the Transmi ssion of Direct Current Through Space.

You will see a novel form of radiant electric |ight 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 |ighting.

You will see DC broadcast through space in the form of a
dark discharge from a plasma colum transmtter picked up by a
simlar receiver. You will see a capacitor charged through space

with DC froma lightbulb utilizing Tesla Currents.

You wll see a |ongitudinal shortwave broadcast from
Borderl and Labs to a nearby beach, using the Pacific Ccean as an
ant ennal This heralds the beginning of the end of using large
radio towers for shortwave broadcasting. This experinment is done
for the first tinme on this video so you can learn as we did.
This is sinply another day at the |abl

These experinents are done so that they can be reproduced by
any conpetent researcher, no secrets here! Eric built his
equi pnrent from the surplus yards.

Today's conceptions of a Tesla Coil provide the researcher

s with little practical material. Eric Dollard reintroduces the
"pancake" Tesla Coils in a series of experinments taken directly
b from Tesla's work. No nodern interpretations needed, we went to

the source and the equipnent works! Construction details are
given so you can do it yourself!

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

60 mins, color, vHs, |SBN 0-945685-89-0.

CEAE=NS
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1991 BSRF PUBLICATIONS &VIDEOS

THE ABC OF VACUUM TUBES(L ewis)
$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/SYPHILISCONNECTION
(McKenna) VHS $29.95

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

ARCHAIC ROCK
(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 & RAY'S (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

CENTEROFTHE VORTEX (Hamilton)
$14.75

CERTAIN BODY REFLEXES (Intnl.
Hahnemannian Committee) $5.50

COLLECTED PAPERS OF JOSE
ALVAREZ LOPEZ (Lopez) $9.95

COLOR-ITSMANIFESTATION AND
VALUE (Cowen) $5.95

COLOR CAN CHANGE YOUR LIFE
(Hardy) $4.75

THE COMING OF THE GUARDIANS
(Layne) $11.95

INSCRIPTIONS

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

CONDENSED INTRO TO TESLA
TRANSFORMERS (Dollard) $11.00

THE COSMIC PUL SE 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: RateAtlas (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

ELECTRIC DISCHARGES, 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 I: ANGLES,
MUSIC FROMTHE SPHERESAND
J. LOBACZEWSKI (Resines) $24.95

THE ENERGY GRID HI: MATH-
EMATICAL TRANSFORMATION
ANDTHE MANY-GRIDSTHEORY
(Resines) $6.95

ESSENTIALS OF MEDICAL ELEC-
TRICITY (Morton) $29.95

THE ETHER AND ITS VORTICES

(Krafft) $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 (L 0dge)$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
LEADINGTODEVELOPMENTOF

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

FOOTSTEPSON THE HIGHWAY TO
HEALTH (Louise) $15.95

GLIMPSESOFTHEUNSEENWORLD
(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 & Nome)
$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
WAVE OSCILLATORHANDBOOK
(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-
MENTSAND THE EXPERIMENTS
OF DR. CHARLES W. LITTLE-
FIELD & WILHELM REICH $9.95

MY ELECTROMAGNETIC SPHERI-
CAL THEORY & MY MY EXPERI-
MENTSTOPROVEIT (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 ONTHERAPEUTICEN-
ERGIES (Galllert) $39.95

O, 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

PRINCIPLESOFLIGHTAND COLOR
(Babbitt) $100.00

PROCEEDINGS OF THE SCIENTIFIC
& TECHNICAL CONGRESSOF RA-
DIONICSAND RADIESTESIA,$29.95

THE PSYCHEDELIC EXPERIENCE
(Crabb compiled.) $7.65

PSYCHICAL PHYSICS (Tromp) $39.95

PSYCHO-HARMONIAL PHILOSO-
PHY (Pearson) $21.95

QUESTIONSAND 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 I: RIFE
(Vassilatos) VHS $29.95

THE RAY OFDISCOVERYLH: 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
DROWNRADIOTHERAPY (Drown)
$12.95

SECRET OF THE SCHAUBERGER
SAUCER (Resines) $4.95

SELF PROPUL SION (Lopez) $5.95

SOMEFREEENERGYDEVICES(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 $9900

WORKING OF THE STARS IN
EARTHLY SUBSTANCE (Davidson)
VHS $29.95
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Borberland Regeareh

SERVING HIGHER INTELLIGENCE SNCE 1945

A RENAISSANCE ISHAPPENING
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 examinestheliving energy of aliving Universe, probing deeply beyond the
accepted boundaries crfbody, mind and spirit Hereyouwill 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 Devel oping the |magination
& Intuition to Perceive Them; Light & Color, Radionics; Dowsing, Homeopathy,
& Other Subtle Energy Arts; Ether Physics and the Rediscovered Etherial Forces,
the Controversial Field of Free Energy & Devices Y ou 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 Al
Grid & Cosmic Weather Report; Anomalies and Fortean Phenomena; Hypnosis;
Photography of the Invisible and the UFO Enigma; and much, much more...

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.

BORDERLAND SCIENCESRESEARCHFOUNDATION Sample issue - $3
PO Box 429, Garberville CA 95440 Regular membership - $25/year
i 6 t ip-$15/
Y ES, | wish tojoin the most progressive alternative scientific Senior (_over 3) or Suden membership - $15/year
Supporting membership - $S0/year (Thanks!)

movement on this planet and receive the foremost spiritual- o _
scientific publication available — The Journal of Borderland Sustaining membership - $ 100/year (Thanks!!)

Research. Membership entitles me to six bi-monthly issues of Life membership - $1 CCO (Journa for life)
theJournal. Start me with the current issue... Here's a donation of $ to support your efforts.

NAME DATE

ADDRESS.

ciTYy STATE/COUNTRY Zip



