A FOUR OCTAVE ARRAY OF OPEN ORGAN PIPES
256 (NO. 1) TO 4096 (NO. 49) VIBRATIONS PER SECOND



Figure 1.  Circle, ellipse and parabola are produced by three intersecting planes. Plane parallel to base provides circle;
plane parallel to slant surface provides parabola; plane at angle between the other two planes provides ellipse.



Figure 2. Same model as No. 1, but from different camera angle.



PARABOLA|

Figure 3. Same model as in No. 1 and No. 2, but from different camera angle.



Same model as No. 1, No. 2 and No. 3, but from different camera angle. Parts of circle and ellipse are quite evident.



Figure 5.  Model No. 1 in dissection. At far left is intersecting plane itself showing circular area. Then next to it on the
right is base of circular top section of model. In the center is the elliptical section of model. At the right are the elliptical
area on intersecting plane and elliptical area of the model piece taken off from the model at center.



Figure 6. The dissected model of No. 1, showing parabola on intersecting plane, on the main portion of the model and removed model piece.



Figure 7. Model and intersecting planes giving hyperbolas in two-ns.ppes. The common apex angle is 90°. The base angles
of both nappes are 45°. The left intersecting plane is parallel to common vertical axis of the two nappes. The right intersecting
plane is not parallel to common vertical axis. The hyperbolas on the right side are not readily evident.



HYPERBOLA

HYPERBOLA

figure 8.  Equilateral hyperbolas obtained from No. 7 by parallel intersecting plane. Eccentricity of both equilateral hyper-
yolas equals 1.41.
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at right are the curves of removed pieces of model.
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Figure 9. Equilateral hyperbolas obtained by dissection model as shown in No. 8. At left are curves on intersecting planes
ter are curves of ma

1n cen



.' gure 10.  Hyperbolas obtained from No. 7 when intersecting plane is other than parallel to common vertical axis. Their
centricity is equal, and less than 1.41 and greater than 1. The curves are the same, but are outlined to different lengths
along their path. ;



Figure 11.  Hyperbolas of different length but same eccentricit,
outlined on non-parallel intersecting plane; at center are the cury
vided by the removed sections of the model.

y as obtained from picture No. 10. At left are the curves ag
es of main portion of model; at right are the curves as pro-



HYPERBOL A

i

HYPERBOLA

Figure 12.  Common apex angle is less than 90 degrees. A small parabola is at lower right-hand corner. Common intersec-
tion plane at right is parallel to common vertical axis. The hyperbolas thus created have equal eccentricity and less than
1.41. Intersecting plane at left is aslant with common vertical axis providing two hyperbolas with equal eccentricity which is
less than that of other hyperbolas.



Figure 13.  Same as No. 12 from different angle. At the bottom is parabola. The two hyperbolas shown (created by a plane
cutting parallel to principal axis) have equal eccentricity. Since common apex angle is small, the two hyperbolas are al-
most parabolas. .



- A DRINKING FOUNTAIN PARABOLA
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b

CONJUGATE HYPERBOLAS
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The Oscill ting Current Transformer

- i~

The oscillating current transformer functions quite differently
than a conventional transformer in that the law of dielectric in-
duction is utilized as well as the familiar law of magnetic induct-
ion, The propagation of waves along the coil axis does not resemble
the propagation of waves along a conventional transmission 1line,
but is complicated by inter-turm capacitance & mutual magnetic
inductance. In this respect the 0.C. transformer does not behave
like a resonant transmission line, nor a R.C.L. circuit, but more
like a special type of wave guide. Perhaps the most important
feature of the 0.C. transformer is that in the course of propa=
gation along the coil axis the electric energy is dematerialized,
that is, rendered mass free energy resembling Dr, Wilhelm Reich's
Orgone Emergy in its behavior., It is this feature that renders
the 0.C. transformer usefull for wireless power transmission and
reception, and gives the 0.C. transformer singular importance im
the study of Dr, Tesla's research.

FUNDAMENTALS OF COIL INDUCTION

Consider the elemental slice of a coil shown in fig., 1. Between
the turns 1,2 & 3 of the coiled conductor exists a complex electric
wave consisting of two basic components. In one component (fig, 2),
the lines of magnetic and dielectric flux cross at right angles,
producing a photon flux perpendicular to these crossings, hereby
propagating energy along the gap, parallel to the conductors and
around the coil, This is the transverse electro-magnetic wave., In
the other component, shown in fige 3, the lines of magnetic flux
do not cross but unite along the same axis, perpendicular to the
coil conductors, hereby energy is conveyed along the coil axis, This
is the Longitudinal Magneto-Dielectric Wave,
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Hence, two distinct forms of energy flow are present in the
coiled conductor, propagating at right angles with respect to each
other, as shown in fig., 4. Hereby a resultant wave is produced
which propagates around the coil in a helical fashion, leading
the transverse wave between the conductors, Thus the oscillating
colil posses a complex wavelength which is shorter than the wave=
length of the coiled conductor,

COIL CALCULATION

If the assumptions are made that an alternating current is
applied to one end of the coil, the other end of the coil is open
circuited, Additionaly external inductance and capacitance must
be taken into account, then simple formulae may be derived for a
single layer solenoid,

The well known formula for the total inductance of a single
layer solenoid is-

L=z N x 10-6 He

(9r+701) (izzzes) (1)

Where r is coil radius

1l is coil length
N is number of turms
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The capacitance of a single layer solenoid is given by the
formula ' 12
C = pr 2.54 x 10° ' Farads (2)
(inches)

where the factor p is a function of the length to diameter ratio,
tabulated in table (1). The dimensions of the coil are showmn in
figure (1). The capacitance is minimum when length to diameter
ratio is equal to one, ~

Because the c¢oil is assumed to be in oscillation with a stand-
ing wave, the current distribution along the coil is not uniform,
but varies sinusoidially with respect to distance along the coil,
This alters the results obtained by equation (1), thus for resonance

L, =1L Henrys (3)
likewise, for capacitance
c =8¢ Farads ()
© w

Hereby the velocity of propagation is given by
v, = 1/./L°co

77 vc

Units/sec (5)

Where
Ve = 1/ Ve Inch/sec (6)



That is, the velocity of light, and

Vo = Ve 1
_ [1.77 : 3.9&42 27107 Inch/sec (7)
P P

where n = the ratio of coil length to coil diameter, The values

of propagation factor < are tabulated in table (2).

‘Thus, the frequency of oscillation or resonance of the coil is
given by the relation

F, = Vo/(lo'h) Cycles/sec (8)

Where lo = total length of the coiled conductor in inches,
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The characteristic impedance of the rescomant coil is given by

L
Zc = 62 Ohms (9)
o
Hencse,
Z, = NZ_ Ohms (10)
Where
1 .
Z, = ((182.9 - h06.an)pl z I 105 Ohms
2 (inches) (11)
and

N = number of turns. The values of sheet 1mpedance, Zs, are
tabulated in table (3).

The time constant of the coil, that is, the rate of energy
dissipation due to coil resistance is given by .the approximate
formula

u=R_/2L = ( “"‘ + “'2 TU\/ Nepers/sec (12)
. (inches)

Where Tr = c0il radius

1l = coil iength



In general, the dissipation of the coil's oscillating energy
by conductor resistance:

1) Decreases with increase of coil diameter, d;

2) Decreases with increase of coil length, 1, rapidly when
the ratio, n, of length to diameter is small with little
decrease beyond n equal to unity;

3) Is minimum when the ratio of wire diameter to coil pitch

is 60%,

By examination of the attached tables, (1), (2) & (3), it is seen
that the long coils of popular designs do mnoet result in coptimum
performance, In general, coils should be short and wide, and not
longer than n=1, The frequency is usually given as Fo = Vc/)\o

which by equation (7) is incorrect, Wirding on solid or continous
formers rather than spaced slender rods, as shown in figure (1),
greatly retards wave propagation as indicated in equation (6),
thereby seriously distorting the wave, The dielectric conatant of
the coil, § , should be as close to unity as is physically possible
to insure high efficiency of transformation,



The equations for the voltampere relations of the oscillating
coil are

B, = (zc Y, +§ ) E, Complex Input Voltage (13)
I, =3({Y,2z, +5) I, Complex Input Current (14)
Z_Y +5
c "o
Zy = =See=se—= I Input Impedance, Ohms (15)
. o
Y Z +5
c o
Where .
Eo = Voltage on elevated terminal
I° = Current into elevated terminal
-1
T, = 2,
Z° = Terminal impedance
Y° = Terminal admittance
® = u/2F zDecrement
J = root of |/ =1



For negligible losses and absolute values

E, = (zcvaoco)E0 Volts (16)

H
]

3 (YC/ZTTFOCO)IO Amperes (17)

Where
C° = Terminal capacitance

By the law of conservation of eunergy

EI, = E I | Volt=-Amperes (18)

If the termimal capacitance is small then the approximate input/
output relations of the Tesla coil are given by

E,6 =21, OQutput Volts (19)
I, = EY_ Input Amperes (20)
i, = Y_E, Qutput Amperes (21)
E; = I Z, Input Volts {22)



Ccil Capacitance rFactor

Length/wWidth Factor Length/Width Factor
=n P =n P
0,10 0,96 0.80 0.46
0,15 0.79 0.90 0,46
0.20 0,70 1,00 O.46
0.25 0.64 1.5 0.47
0530 0.60 2,0 0.50
0.35 0457 2.5 0.56
0.40 0.54 3.0 0.61
0.45 0.52 3¢5 0.67 -
0.50 0,50 4,0 V.72
0.60 0,48 Le5 0.77

0,70 047 5.0 0.81
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TRANSIENT OSCILLATIONS IN THE PRIMARY WINDINGS *

Numerical calculations covering practical cases, based on the
analysis given in the previous chapter, show that the essential charac-
teristics of the oscillations in the primary winding are substantially
the same as obtain when the secondary winding is ignored, provided
that the Fourier expansion is on the same base in both cases. It is
appropriate, therefore, to give the analysis for a single independent
winding, because the equations then become greatly simplified and
easy to visualize, and a number of characteristic curves can be pre-
pared. It must be borne in mind, however, that it may be necessary
to make arbitrary changes in the circuit constants, particularly of the
inductance coefficient, to obtain accurate numerical agreement. Also,
the minor frequency set disappears in the single-winding theory, and
there is no explicit indication of the effect of the secondary in fixing
the appropriate Fourier expansion.

The following analysis is along the same lines as that given for the
two-winding theory, and is idealized to the same extent, but the effect
of the losses and of the applied wave shape is taken into account, and
the influence of each of the several circuit constants is discussed. As
before, the derivations are restricted to either a grounded or isolated
neutral.



THE GENERAL DIFFERENTIAL EQUATION

Referring to Fig. 1034, the circuit constants per unit length of
winding are:

L = inductance coefficient, including the partial interlinkages.
M (x, y) = mutual inductance between elements at x and y.

C = shunt capacitance to ground.

K = series capacitance along the winding.

G = shunt conductance to ground.
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A
g = shunt inductance along the winding.
r = serles resistance.
turns.

- The variables involved at any point of the winding are:

e = potential to ground.
11 = current in series capacitance K.
12 = current in the inductance L.

13 = current in the shunt conductance g.

14 = current to ground through G and C.

¢ = total flux linkages at a point.

B = flux density.

[ = time.

p = 0/0 t = partial derivative with respect to time.

x, y = points along the winding, measured from the neutral end.

[ = length of the winding.

(m lt) = mean length of turn.
2 h= length of the leakage path.
The fundamental relationships are:
9% e
dxadl

1 =

(1)
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e e (2)
'—<G ot P R il 3
g = + ate—ax(zl 12 + 13) (3)
9—"=7”I:2+—*n—‘-—2 (4a)
108
—7Wz+‘—j[ﬂfﬁaﬁi2@fdy (48)

— ri2+;')—t{L,i2 (x)

+/Uuawmow4MMdﬂ (40)

where !
Lt =/ M (x,y)dy = self inductance
i 0

and as in (2) of Chapter XII
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¢=¢m+¢l=¢m+ 7 zzdydz
0 z

h | ; s
i ¢» = flux mutual to the entire winding.

¢; = flux due to partial interlinkages.

From (4a) and (5)

ot e Bie 047n2(mlt) 921
g _
J x* d x3 h 108 oxadt

31 L 021

= ¥ o e
d x3 Bidxaot
where
04rn2lB (mlt & e
= - ( ) = effective inductance

#1108
By (1), (2), and (3) there.is
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and
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Substituting (7) and (8) in (6), there results
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If the losses can be neglected, Equation (9) reduces to

9;4_6 LK 0d%e +£C<92e__ (10)
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Hereafter 1t will be convenient to take [ = 1.

The total current is, from (3)

<¢1+ig+¢3>=<6+05‘9—t>fedx (11)




The solutions to these equations must satisfy

a. The differential equation.

b. The terminal conditions at x
¢. The 1nitial distribution at ¢ = O.
d. The final distribution at { = <.

0and x = 1.

If the solution corresponding to a constant sustained potential
suddenly applied at x =/ can be found, then the solution for any
other applied terminal voltage is given by Duhamel’s theorem. The
usual procedure in solving a partial differential equation is to assume
the form of the solution and try it by direct substitution in the dif-
ferential equation and the boundary conditions. Each tentative trial
usually suggests the necessary changes and adjustments in order to
meet the complete specifications. Therefore, in order to choose the
proper solution from among the infinite number of functions which will
satisfy the differential equations, it is necessary to first investigate
the boundary conditions.
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S J’mmqurfp W:sszou
A/£TC(J012K 7EST L AETCrORIS /?s =Ry = Zo I

e METWWORK R < z° <Ry
e Ry =@




A

|

1

I

|

!

.

1

|

o

| LoweiTon

§T o=

|

|

?

]

I

i

|

|

i
w |

r"

|

l

|

& D |

A/A b

o e s mmn e sy s oy mnmrmin o -‘ B S T N SV S S Repy S

&

A)IA‘
o

i
|
»
i
|
!
L2
4

Sty sme-y

!
i
|
|
.
t
|

|
|
i
|
|
|
1
|
!
1
! ,(‘}‘

NSRS J R N

N N

’ 7;75‘}/&/)1/

N

|
i
t
|
i
!
|
I
3
i
|

R

|
N "?’?‘5 &
ZT‘

7724

i
|
{U
AT oo

«Ih 1 . m Nw ’ H ¥ - wultai,.n + vlll_.} $— b -l.L‘II»

T g o e

(EPD Fig. 1)

APXI-7 Terminated Simple Five Element Transmission Networks
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These coefficients are defined by the established conventional physical dimensions

2
! 2 3
C = 1—3 sec- per cm (1)
[
K = — cm per sec? (2)
t
L=1 cm (3)
1
M=— per cm3 (4)
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Let the shunt coefficients be combined by the relation

1

M +u’C=M + 5
(kw)

C

And let the series coefficients be combined by the relation

1
K-u'L=K—-——
(ko)
Where the factor
—2 +2
u - =(kw) per second?
and
o =2 F per second

K =—1 A dimensionless unit

(5)

(6)

(7)
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1)

11 General Theory of Telluric Electric Wave
Transmission and Reception

Introduction

(@)

(b)

The reception and transmission of telluric electric waves employs methods
and principles unlike those found in conventional electro-magnetic wave
systems. Electric wave propagation within the interior of the earth is of a
character much different than that propagation in the space exterior to the
solid mass of the earth. The space within the mass of the earth is
complicated by various degrees of magnetic permeability, dielectric
permittivity, conductivity and resistivity, all these of various magnitudes
for various directions. Further is the presence of significant static magnetic
and static dielectric fields of induction.

With conventional electro-magnetic structures the principles of wave
reception are equivalent to the principles of wave transmission, this is
known as the law of reciprocity. In part this law can be applied to the
various sub-systems that form the telluric wave systems. However, certain
antenna configurations depart from the reciprocity law in that the
propagation factor for reception must lag in phase behind the electric wave
to be received, where as the propagation factor for transmission must lead
in phase ahead of the electric wave to be transmitted. This situation is



©

analogous to the aiternating current induction machine. For a given
frequency in radians per sec. of electric excitation to the field of the
induction machine the frequency in radians per second of rotation must
fall behind the excitation frequency for the induction machine to receive
energy as a motor. Conversely the frequency of rotation must push ahead
of the excitation frequency for the induction machine to transmit energy as
a generator. In this situation the angular frequency of excitation is of unit
value or represents a relative condition of rest. The angular frequency of
rotation has a relative negative or positive, value for positive or negative
power flow respectively. For the antenna the situation is the same. The
lagging velocity for receive and the leading velocity for transmit, this
relative to the velocity of the electric wave in the medium of transmission

or reception.

An important condition for the transmission and reception of telluric
electric waves is a single wire or uni-polar connection to the solid mass of
the earth. Electro-magnetic transmission and reception requires a multi-
polar or multiple wire connection, two wire being common. It is required
for telluric wave operation that the antenna sub-system be self referencing,

that is the antenna sub-system not require grounding in the usual sense,
since ground is now an active terminal. There can be no second wire since



(d

(e)

there is nothing to connect it to. Hence, the need for a single wire or uni-
polar antenna characteristic.

In the transmission and reception of telluric electric waves two departures
exist with regard to the transmission and reception of electro-magnetic
waves:

1) The law of reciprocity is not applicable to the transfer of energy
between the telluric wave and the antenna sub-system.

2) The boundary condition or circuit law is not applicable to the
connection of the antenna to the solid mass of the earth.

Such electrical conditions, once common in early wireless development,
have become largely unknown. Two principal systems emerged from this
era having the proper characteristics for telluric electric wave applications:

1) The oscillation transformer as developed by Nikola Tesla, 1900

2) The multiple loaded aerial as developed by Emst Alexanderson,
1919



(2)

The Oscillation Transformer

(@)

)

The first development in the wireless transmission of electric waves was a
telluric system based upon the application of an antenna sub-system
known as the oscillation transformer. This transformer is a single winding
coupled magnetically to an external resonmant structure. Transformer
operation resembles a constant current or ballast transformer. The single
winding of the oscillation transformer resembles that of a simple reactance
coil, however, only a single lead exists for communicating energy in and
out of this coil structure. It is a single wire, uni-polar connection. The
second lead of the coil is only connected to a small free space electro-

static condenser.

In the operation of the oscillation transformer the winding is not a simple
reactance coil and magnetic field of induction. The dielectric field of
induction now plays an important role, as energy now resides in the
dielectric field in addition to energy residing i the magnetic field. In
oscillation transformer operation the total energy divides evenly between
the magnetic field and dielectric field of induction. The superposition of
these two fields of induction give rise to complex electric waves. The
oscillation transformer winding, thus operates as a wave guide structure,
giving rise to electric waves through the exchange of magnetic and
dielectric energy.



(c)

(d)

©

Complex electric standing waves exist on the oscillation transformer
winding during its resonant exchange of energy between the two fields.

These standing waves produce a phase displacement in the time cycle of
energy exchange and in length along the winding structure. The
displacements exist as a hysteresis cycle, displacing the cause-effect
relationship. This results in the transformer winding operating as a uni-
polar system.

The resonant structure coupled to the oscillation transformer winding is a
simple magnetic reactance coil in a resonant relation with a simple
electrostatic condenser. This circuit is proportioned to have minimal
dissipative losses, that is it has a large magnification factor. This circuit
provides the two wire connection for the supply or abstraction of energy to
or from the oscillation transformer winding and its uni-polar connection to
the earth. .

In conjunction with the coupled resonant circuit the oscillation transformer
winding serves as a phase transformer. This phase transformation provides
the basis conversion from a multi-phase to a uni-phase connection. This
provides the single wire connection for the telluric electrical waves,
transforming this to the muitiple wire connection to a network sub-system.
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(2

()

The complex electric wave produced by the resonant electric fields of the
oscillation transformer winding is analogous to those electric waves,
which exist within the interior of the earth. This complex electric wave in
the winding is the resultant of the superposition of transverse electric
waves of a specific velocity and of longitudinal waves of a specific
counter-velocity. This pair of electric waves propagate within the electric
field of the winding. This winding can be proportioned to be attuned to the
complex electric wave propagation within the interior of the earth. The
winding becomes an analog of the specific telluric waves to be transmitted

or received.

The transient impulses produced by the oscillation transformer are of
analogous form to the transient impulses resulting from telluric wave
propagation within the earth. In this manner the oscillation transformer
responds as does the network sub-system previously described. The high
and low pass functions are a direct result of transformer actions. Hereby
the oscillation transformer serves as the network sub-system in addition to
serving as the antenna sub-system. Thus the oscillation transformer in
itself serves as a system for the transmission and reception of telluric

electric waves.

The principal drawback in the application of the oscillation transformer to
telluric waves is the inability to respond to a wide range of signal
frequencies. Also is the lack of directivity in the spatial distribution of its



response. Thus in the application of the oscillation transformer to telluric
waves it can be proportioned to respond only to telluric waves of a single
frequency and its related harmonic structure, that is to one specific
transient electric wave form. Transformer response is to telluric waves
from all directions, it having no directional character. This limits the use
of the oscillation transformer to specific communication or broadcast,
functions and thus prohibits its use for broadband or generalized
transmission or reception functions.

3) The Multiple Loaded Aerial

(a)

Following the development of the oscillation transformer was its
application to the system of wireless transmission developed by
Guglielmo Marconi (1910). During its initial development by Nikola Tesla
the wave guide and uni-polar properties of the oscillation transformer were
not fully understood. Tesla repeatedly attempted to force the winding to
operate as a simple magnetic reactance coil. The importance of the
dielectric field of the winding and its complex relation to the magnetic
field were to be missed by Tesla and his contemporaries. This situation
would be further compounded by the efforts of Marconi.
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(c)

The application of the oscillation transformer to the transmission and
reception of telluric waves was under patent protection by Nikola Tesla.
For Marconi to proceed with his wireless development, significant
alterations had to be made. In the telluric wave system of Nikola Tesla the
oscillation transformer alone served as the basic system for the
transmission or reception of electric waves. Marconi would make
important changes to the Tesla system in order to secure a wireless patent
of his own. The basic modification was the extreme enlargement of the
electro-static capacity of the free terminal of the oscillation transformer
winding. An aerial-ground structure known as the Marconi “Flat Top”, of
considerable extent, was connected as a basic condenser to the oscillation
transformer winding. The electro-static capacity of this aerial-ground
structure greatly exceeded that of the oscillation transformer winding.
Hereby the function of the oscillation transformer was reduced to that of a
basic magnetic reactance coil. Now unable to resonate with the winding
dielectric field, the winding lost the ability to operate as a phase
transformer. It now operates as a di-polar or two wire system.

The aerial portion of the Marconi Flat Top was positioned over a similar
structure in the ground. The length of this aerial-ground system was
several times larger than the width, this forming a large strip-line
transmission structure. Thus the aerial-ground structure is a electrically
short section of electro-magnetic transmission line. Within the electro-
magnetic field of this section of line, a very large reactive power flow



(d)

exists, this in an oscillitory energy exchange with the transformer. The coil
and aenal-»gronmd structure reduce to a basic resonant circuit. The power
flow in this circuit contributes little to the ability of the Flat Top to
transmit or receive electric waves. The Flat Top derives its ability to
transmit or receive principally from it external dielectric field of induction.
The lag of phase along the length of the Flat Top produces a small portion
of external electro-magnetic activity and resulting waves. Hence, the
Marconi Flat Top aerial-ground system is an ineffective structure for both
electro-magnetic and telluric electric waves.

The large reactive power flow within the confined portion of the Flat Top
represents a useless or parasitic power flow. Its loading upon the
oscillation transformer renders the winding a reactance coil. Therefore, the
confined electro-magnetic field of induction inhibits the operation of this
aerial-ground system in the transmission or reception of telluric electric
waves.

While Marconi resorted to simple terminal impedance methods to
minimize the effects of this reactive power flow, the basic situation
remained unchanged. Ernst Alexanderson, while employed by the General
Electric Company and the U.S. Navy (1919), developed a significant
advancement in the Flat Top system. This development became the
Alexanderson multiple loaded aerial. This aerial-ground system finds
important applications to the transmission and reception of telluric electric

waves.
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(e)

The Alexanderson system is a direct adaption of the Marconi Flat Top.
The basic external geometry is unchanged. However, the aerial and the
ground elements of the strip-line configuration are sectionalized into a
series of sub-section elements. Loading elements are inserted in the
transitions between sub-section elements. The Alexanderson principle
utilized this sequential loading to cancel or neutralize the reactive electro-
magnetic power flow of the Flat Top system. The result is the aerial-
ground system becomes a non electro-magnetic structure, with the
dimensions of velocity and wavelength becoming undefined.

The Alexanderson system is no longer the simple strip-line of Marconi,
but has become a complex system of alternate, sequential sections of
transmission and loading structures. This configuration is analogous to a
loaded long distance telephone line. The Alexanderson system has
rendered the strip-line of Marconi ‘a wave-guide type structure. The
superposition of the magnetic field and the dielectric field in this wave-
guide give rise to complex electric waves as with the oscillation
transformer of Tesla. Hereby the Alexanderson system enables telluric

wave transmission and reception.




(h)

The basic oscillation transformer winding exists in multiple with the
Alexanderson system, each being connected at each of the sequential
loading sections. These windings now operate unhampered by reactive
power flow. Operation of these phase transformer windings in multiple
allows for directional operation, unlike a single unit. In addition, in
conjunction with the loading elements, the windings in multiple allows for
a band pass characteristic to be established. Hereby the Alexanderson
multiple loaded aerial-ground system overcomes the principal limitations
of the oscillation transformer system of Tesla, the lack of directivity and
bandwidth.

(4) Development of the Alexanderson System
for the Propagation of Telluric Waves.

(a)

The basic Alexanderson system can be developed further for adaption to
the propagation of telluric waves. Alexanderson would follow the path
that Marconi followed from the Tesla system. The Alexanderson system
was operated as a di-polar configuration for the propagation of electro-
magnetic waves. This led to the extinction of the Alexanderson system as
well as the systems from which it developed. Advancing the Alexanderson
concept one step ahead, while retaining the original uni-polar concept of
Tesla, results in an aerial-ground sub-system of perfect adaptability to the
transmission and reception of telluric waves.



(b)

In the layout of the Alexanderson system upon that of Marconi, the
earthed portion of this system basically remained unchanged. This portion
continued to operate as a single grounded conductor under the aerial
portion of the system. No significant phase or potential differences exist
along the continuous earthed portion of the Alexanderson system.
Therefore, no electric waves can exist along this length of grounded
conductor. This earthed portion of the aerial-ground system acts as a
single ground electrode and can propagate telluric waves only in the
manner of a single point source, as with the Tesla system. During the
period of history during which the Alexanderson system existed, it was
considered as a system for the propagation of electro-magnetic waves.
This related to the vertical conductors rising from the grounded loading
sections to the aerial structure above. The electric current related to this
conductor gives rise to the propagation of electro-magnetic waves.
However, the energy of these waves exists as a small portion of the total
electric wave propagation of the Alexanderson aerial-ground system.
Alexanderson as well as Marconi engineers understood that the Flat Top
aerial and its adaptation by Alexanderson operated as an antenna for the
propagation of electro-static, rather than electro-magnetic waves.
Therefore, the Alexanderson aerial operates as a system for the
transmission and reception of dielectric waves through its external




(c)

dielectric field. Part of this dielectric field of induction is directed by the
earthed ground structure into the interior of the earth. This induction gives
rise to the propagation of telluric waves in a manner similar to that of
Tesla.

The Alexanderson aerial-ground system is an advancement upon the
Marconi system. The Marconi system is an adaptation of the Tesla
oscillation transformer system. The antenna sub-system of the basic
system for the propagation of telluric waves represents an advancement
upon the system of Tesla, this lacking directivity and bandwidth and
represents an advancement upon the system of Marconi/Alexanderson,
which primarily propagated waves exterior to the mass of the earth. The
advancement upon the Alexanderson system is the elimination of the
external propagation of electric waves. Advancement centers upon the
carthed portion of the aerial-ground system. Unlike the Alexanderson
configuration loading is divided in a fashion between both the
aerial and earthed portions of the system. Hereby complex electric waves
within the interior of the earth can be developed. The elements of the
earthed portion of this system operate each independent of the other with
no inter-connection. Each element consists of a vertical section projecting
within the mass of the earth. The earthed portion of the aerial-ground
structure exists as a sequential row of vertical earthed elements along the
aerial axis. No longer is the earthed portion of the layout in the Flat Top
configuration.



(d)

(e)

The aerial portion of the aerial-ground structure serves as a loaded section
of transmission line, providing energy exchange to the individual loading
sections and related earthed elements. This aerial configuration remains as
with Alexanderson systems. However, the undivided ground portion of
Marconi/Alexanderson design now exists as an aerial counterpoise above
the loaded aerial portion of the antenna-ground system. Hence, the Flat
Top has become inverted, with the ground portion above the aerial portion
of the system. The upper Flat Top configuration serves to neutralize the
electric wave propagation in the space external to the mass of the earth.
This neutralizing aerial confines the electric wave propagation of the
antenna sub-system to the interior of the earth. The actual Alexanderson
aerial is reduced to a loaded transmission line, unbalanced with respect to
an elevated ground plane. No external electric wave propagation exists.

A loaded transmission system is an analog system. Loading in its general
form is a sequential series of alternate sections of real transmission line
and of artificial transmission line. The artificial lines are analog
equivalents of real propagation. Hereby the propagation on the aerial can
be chosen at will through the interaction of real propagation with artificial
(imaginary) propagation. The entire aerial becomes an analog network of
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real and imaginary parts, analogous to a complex wave propagation within
the earth.

Development of the telluric wave antenna centers upon the control of the
phase relation or lead-lag time element, along the row of vertical earthed
elements. The reflection at the surface of the earth of the standing and
traveling telluric waves within produce specific images of phase
displacement upon the surface of the earth. That is, the telluric waves
develop specific points at the surface boundary. An analog of these waves
is reproduced by the aerial portion of the antenna and connected with the
earthed portion to facilitate the exchange of energy with the real wave
through its projection upon the surface of the earth. The phase
displacements of the individual earthed elements are now in mutual
relation with the displacements of the telluric wave. The described antenna
sub-system is attuned to the wave propagation within the interior of the
earth.



®

General Theory of Complex Electric Waves.

(2)

(®)

Any electric wave is the product of the superposition of a magnetic field
of induction and a dielectric field of induction. The pair of fields each
represent the storage of electric energy within the structure of the field,
magnetic or dielectric. Electric waves result from the exchange of electric
energy between dielectric and magnetic fields of induction. The
displacements of these inductions with respect of phase and distance
determines the character of the resultant electric wave. Complex
displacements give rise to complex electric waves.

In common use are those electric waves that propagate along the axis of a
system of two or more electric conductors. In this form of electric wave
the magnetic and dielectric fields are both perpendicular to the axis of the
system of electric conductors. The magnetic and dielectric fields are
perpendicular to each other. Hence, the magnetic and dielectric fields of
induction travel broadside or transverse to the propagation of the resultant
electric wave along the electric conductors. The proportion of magnetic
induction with respect to the portion of dielectric induction within an
electric wave of this form is a numerical constant. This constant is
numerically equivalent to the velocity of light in the space between the
electric conductors. Also, it is a transverse electric wave, which
propagates as a velocity, this velocity equivalent to the velocity of light in
the space between the electric conductors. This common form of electric
wave is called a transverse electro-magnetic wave (T.E.M.). The magnetic
and dielectric fields are transverse to wave propagation.

A complimentary electric wave exists in quadrature with the transverse
electro-magnetic wave. Where the transverse wave propagates along the



axis of the electric conductors, the quadrature wave propagates
perpendicular to the axis of electric conductors. This conjugate electric
wave is in space quadrature with the T.E.M. wave in any system of two or
more electric conductors. As with the T.E.M. wave, this quadrature wave
is the product of the superposition of the magnetic field and dielectric field
of induction. With the quadrature electric wave the pair of fields of
induction are co-liner or longitudinal to the direction of electric wave
propagation. Hence, the magnetic field, dielectric field and electric wave
propagation are all in space quadrature with the axis of the system of
electric conductors. This quadrature electric wave is called the
lonmgitudinal magnetic-dielectric wave (L.M.D.). The proportion of
magnetic induction to the proportion of dielectric induction is not
numerically equivalent to the velocity of light, nor is the dimension of
propagation a velocity. That is, the longitudinal electric wave is not of the
dimensions of unit length per unit time, as was the transverse electric
wave. With the longitudinal electric wave the dimension of propagation is
that of per unit length per unit time (per unit length-time). This
propagation may be called a counter-velocity, representing propagation of
electric waves through counter-space of per unit length.



(d)

In the general case of telluric electric waves, the transverse wave
propagates from a point of origin to distant locations through space of unit
length over a period of unit time. The longitudinal wave propagates within
the magnetic and dielectric fields themselves, within the point of origin,
through a counterspace of per unit length over a period of per unit time.
These two distinct forms of electric waves exist in a conjugate relation to
each other. Hereby a complex electric wave propagates on a system of two
or more electric conductors, with a real part, the T.EIM. wave and an
image (imaginary) part, the LM.D. wave. Their product is a complex
quantity in the dimension of space. Thus the telluric electric wave is a
complex electric wave consisting of a radiation component (T.E.M.) and a
field of induction component (L.M.D.) in quadrature relation.

(6) Harmeonic Structure of Transverse and Longitudinal Waveforms

(@

In the propagation of transverse electro-magnetic waves a progressive
phase lag or delay results as the wave propagates outward from its origin,
along the propagating structure. This results in an increasing phase shift or
time lag for increasing frequency of energy exchange. For finite, resonant
systems of electric conductors this phase lag is in unit integral multiples of
quarter cycle delays. These delay factors result in harmonics of the cycle
of energy exchange within the system of electric conductors. For example,
Fo, 3Fo, 5Fo, etc. as this harmonic series progresses each harmonic
becomes progressive diminished in amplitude. For example, Ao, 1/3 Ao,

1/5 Ao, etc.



(b)

(c)

The harmonic series is contrary for the condition of longitudinal magneto-
dielectric waves. In this case a progressive phase lead is produced as the
wave propagates inward from its origin, within the propagating structure.
This results in an increasing phase shift or time lag for decreasing
frequency of energy exchange. For finite, resonate systems of electric
conductors the phase shift is in unit differential divisions of quarter cycle
advances. These advance factors result in the production of harmonics of
the cycle of energy exchange. These harmonics exist as a series of
divisions upon the fundamental frequency of energy exchange. For
example, Fo, 1/3 Fo, 1/5 Fo, etc. As this harmonic series progresses the
amplitude of each harmonic is progressively diminished as with the
T.E.M. wave. For example, Ao, 1/3 Ao, 1/5 Ao, etc.

The generalized, complex electric wave is the superposition of the time
periods of T.E.M. propagation and its conjugate, the time periods of
L.M.D. propagation. The resultant electric wave is a complex quantity in
the domain of time, as well as the domain of space. Where in the space
domain it is unit length for T.E.M. and per unit length for LM.D,, it is in
the time domain unit time for the T.E.M. and per unit time for the L. M.D.
with respect to harmonic production. The complex electric wave is the
product of a progressive harmonic series and of a degressive harmonic
series. Hereby the wave structure can be proportioned to produce a variety
of electrical transient impulses with respect to time as well as space.



