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PREFACE

The present report is a final report, a summary of
the research work done in the years 1966, 1967 and 1968
under Contract No. 61(052)~902, which was the second period of
contract since fall 1960, It is not intended, however, to
summarize all the work and result¢s in abstract form, but to
report mainly the work of 1968, The tables of contents of the
Annual Reports of 1966 and 1967 as well as a list of the
titles of scientific reporits shall give a review of the entire
period of contract,

The main program of the research work of 1968 was
the examination of helical antennas, the propagation of electro-
magnetic waves of medium frequencies through the interior
of the earth and the influence of electric rock parameters on
the directivity pattern of antennas snd also on the wave propa-
gation, Further studies are concerned with the determination
of rock conductivity end dielectric constant from field diagrawm
measurements, The present report is wound off with newly commenced
geophiraical studies on the electrical conduction mechanisam
in rock and a contscting probe as well as an examinaticn of
problems of recording atmospheric noise signals. Those whose
interest does not concentrate on the scientific studies are
recommended to read the chapter "What happened in 1968",

The fact that so much work could be done is entirely
due to my co-workers, because an obstinate disease forced
me to reduce my work to advisoxry activity only. I wish to
thank my co-workers and ALL PERSONS WHO ASSISTED US in our work.
I want to express my special gratitude to the following firms
for their great help:

Montanwerke Brixlegg, Direktor Dipl. Ing. P. Kettner
Mitterberger Kupferbergbau, Direktor Dipl., Ing. S. Biangardi

‘Siemens Bauelementewerk - Miinchen, BalanstraBe




Tiroler Wasserkraftwerke, Jenbach, Dir. Ir, Ing. H.
Wagensonner

Innerebner u. Mayer, Solbad Hall, Tirol

Jenbacher Werke.,

May the work of our team be successful also in the
{ future,

Wolfram Bitterlich

Innsbruck, December 1968.
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VLF Team 1968

Contractor, head of team: Univ., Doz. Dr. Wolfram BITTERLICH

O0ffice: Frau Beate BITTERLICH
"  Herta HOWORKA

Scientific Collaborators: Dr. Norbert NESSLER
Hans WOBKING

Theeis Graduates: Walter GRADL
Christoff GRISSEMANN
Walter KELLNER
Raphael LUKAVEC

PTechnical Assistance: Tilman ELSTER




ABSTRACT

In continuation of the studies on small, self-
resonant helical antennas, impedance, current distribution and
antenna characteristics of various antenna types were measured
air and in water,

Two methods of determining the conduvctivity and di-
electric constant of a dissipative medium with a gruvhical
evaluation were described as examples of applying antenna dia-
gram measurements on frame antennas,

Radio communcétion between the mines of Schwaz and
St. Gertraudi was reached with a 1600 m’® frame antenna, using
e new low-noise receiving amplifier,

Preliminary geoelectrical examinations of ores were
made and a measuring probe wes constructed for bore hole

examinations,
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1, MEASURED PROPERTIES OF SMALL SELF~RESONANT HELICAL ANTEN-
NAS AT 1LOW FREQUENCIES FOR APPLICATION. IN DISSIPATIVE
MEDIA

PREFACE

The use of a wire wound on a carrier in the form of
a helix as a transmitting and receiving antenna in the VLF
and LF region was suggested in 1962 by the head of the VLF
project. In 1964, a small transmitter was built with a
helical antenna 2 m long and 6 cm in diameter, whioch was
operated in water. This antenna had a real input resistance
at 110 kHz., The propagation measurements which were ob-
served by visitors of the AFCRL Cambridge, Mass. were
highly promising so that the construction of a much larger
antenna was begun in the mine of St. Gertraudi in June 1965,

The experimental examinations such as impedance and
propagation measurements were made by W. Bitterlich and

G. Worz, €. Tinhofer worked on the theory of this antenna

"type. Numerous unsolved protlems made it necessary to

continue the work on this antenna type, the results being
described in the present scientific report. The essential

parts of this paper were presented at the '68 International
IEEE/G~AP Symposium in Boston, Mass.

l,1. Introduction

When electromagnetic waves propagate through lossy
media such as the earth's crust, there occurs not only an un-
fortunate shortening of the wavelength, but also an expo-
nential attenuation which increases with the distance from
the radiation source. Both effects lead to a rapid decrease

in fieid strength at larger distances and make necessary the
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use of low frequencies, if large distances are to be bridged.

Since, however, the available space in such cases
is usually limited, only short electric or small magnetic
dipoles are commonly used,

On the whole, helical esntennas which are small
compared to the wavelength and which have numerous turns,
represent a combination of these two antenna types permitting
theoretically an optimum utilization of a cylindrical
cavity. Suchk antennas radiate in the so-called "noimal
mode", which naturally is not quite as effective as the
"beam mode". Owing to problems of space, the latter cannot
be attained at low frequencies,

1,2, Impedance measurement

For optimum application of an antenna, however, it
is necessary to know the input impedance as dependent on
the frequency and other parameters., Since there existed
no adequate theory, various helical antennas were constructed
with convenient size, whose typical behavior will be shown
on two examples.

At first, the behavior of the antennas in air was
examined in a laboratory of Irnsbruck University, then the
antennas were transferred into an old mine near St. Gertrandi
(25 miles east of Innsbruck) to be examined in a cavity, at
first in air and then in water. The rock in this area
electrically is almost homogeneous. The mine is free of
rails and other metal installations with the exception ef
one gallery centaining rails which lead to the surface of
the mountain se that transpeartation of heavier measuring
devices is pessible. A small laboratory installed half a
mile inside the mountain is permanently dryed and heated
with 3 kws to keep the relative humidity of the air low,
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Thus, transmitters and other electironic apparatus can be re=-

paired and left there for several weeks without'being damaged

by the relative humidity of the mine which is always 100%.
The most important instruments for measuring the

antenna impedances and the electrical properties of the

used fresh water were the impedance bridge 716-L by

General Radio for a frequency range of 1-100 kHz, and for

the subsequent frequency range up to 15 MHz the R-L-C

bridge LE 300/A1 by Hatfield (GB). The bridges are powered

by suitable battery~fed frequency generators (a powerful

generator with low output impedance fcr frequencies between

440 kHz and 16 MHz was specially constructed by the author)

and balanced to zero by the selective uv meters

TF 2330 Marconi (20 Hz - 50 kHz, bandwidth: 7 Hz)
SPM-2 Wandel u. Goltermann (4-600 kHz, bandwidth:
200 Hz)
Type2006 Briiel u. Kjaer (100 kHz - 230 MHz,
bandwidth: 2,5 kHz).

Frequency is controlled by "small wonder" 100A Monsanto
Counter, power-supplied by a battery and a specially constrivce
ted DC-changer.

Fig. 1.1 shows the relative electric "permittivity" of
the used water, measured with a small cylindrical capacitor
described in Ref.]ll]. € elative 8N4 the frequency in a
range of 1 - 1000 kHz are plotted in a log-log scale, The
conductivity (mhos/m) which is written right above the curve,
changes comparatively little in this frequency range. The
increase in &€ at low frequencies is explained by polarization
effects at the electrodes which occur in a somewhat different
form also on the antennas, but not during the free propagation
of electromagnetic waves,

Generally, the mutual capacity of two parallel
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planes of equal surface areas in a lossy medium is given by
(see Refs. [7], TBW)

o
€op *A £, A

C = 3 + 5

d
d ... distance between the electrodes

Eg *°° Dielectric constant of free space

£ eee relative dielectric constant of the medium under
~ test for conductivity ¢ s zero (for water é; % 80)
A ... surface area of one electrode
Egy *0 is a function of the frequency, conductivity of the
medium, electrode material, temperature, chemicel
composition of the medium which causes the cén-
ductivity, and the surface quality of the electrodes,

A cylindrical cepacitor is somewhat more couplicated
%0 describe, because of the difference between the surface
area of the two electrodes. Therefore Fig. 1,1 can only
give a rough information of the frequency dependence of

€+ &, = &,
but gives some idea of what one has to expect putting a
bare wire artenna in such a medium,
Now to the antennas themselves.

The firat antenna of this series consisted of 200
meters of "insulated" copper wire, 1,5 mm in diameter, which
vas wound on a carrier of impregnated woed, 2m long, in such
8 way that the length of one turn was 1 m, that means the
antenna had 200 tuins and a pitch of 1 cm. The antenna was
fed in the middle. (At this point the insulation should be
mentioned. It was found that in water the insulation of the
wire was good for nothking. The water penetrated very rapidly
into the insulation material and finally reached the copper
wire. During this time a continuous change of the input
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impedance was observed., After a "saturation time" of about
one hour the input impedance was stable so that the wire
acted nearly as a bare one.)

Fig. 1.2 shows the input impedance of this antenna
measured in air. The scale for the real and imaginary parts
as abscissa is quadratic, whereas the scale for the frequency
as ordinate is lireer, Between 1,1 and 1,4 MHz, the antennsa
has the two lowest resonance points. The first one at 1,151 MHz
is a series resovnance with 66 ohms input resistance, the
second one at 1,312 MHz is a non-harmonic parallel resonance
with an jnput resistance of 15 kohms,

These values remain the same when the antenna is
set up in the mine, if the cavity in which it is located
has a diameter of at least twice the maximum antenna :
dimension. If the cavity is smaller, the resonant frequencies
decrease slightly, whereas the input resistance at series
resonance increases considerably.

These properties can be explained on a network
model which is correct at least in the neighborhood of the
lowest resonant frequency and below,

The phase velocity along the axis is then given
by

Voxis i = [F/beéj (1.1)

where il is the mean inductivity per unit length, given
by (see Ref. [2])
2
B_e cot™Wy
- 0
I, ~ =0 [2/n] (1.2)
-1
}lo oee 4We10 [H/m]
Y oeeo pitch angle




ﬁl’ the mean capacity per unit length so far can only be
measured at frequenoies that are very low as compared %o
the first resonant frequency (condition: The antenna must
be carefully dried, because even little humidity .eads 1o
an increase in C1 at liwer frequencies due to polarizetionr
effects.)

From formula (1.1) the first resonant frequency can
be calculated as

Vaxis [. J
£ m o Hz
. ¥ xaxis

where }hxis is twice the axial length of the antenna. This
of course is valid for both air and water as surrounding

media.

ot —————

The iaput resistance at the lowest resonant frequency

[P

can be calculated from the expression of an open-end trang=-
mission line (see for example Ref. [3]) as follows:

— 281 281 . - -
R,(0) = 2 - TR 2 sin (241) ;. g <«3q %z (L3)
e“ T+ e - 2 cos (2«x1)

where 2n

A. = wavelength along the helix axis
? = mean characteristic impedance

R1 = mean series resistance per unit length
! Gl = mear shunt conductance per unit length

for 1 = %‘(first resonance frequency) follows
=21 sin (2041) = -2i sin % = 0 and
-2 cos (201) = <2 cos T = +2
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so that formula (1.3) writes =zs

sinh (281)
cosh (281)+1

&

R(0) = 2 (1’7{

(1.4)

For (281) < 0,2 (usually the case for these antennas in
air) and a maximum error of 1/2% (231 < 0,3 error < 1%)

(281 < 1 error < 8,1%)
formula (1.4) can be written as

R (0) = 2 « 81 (1.5)
and finally substituting for B3
z%6,1 R+ 1
Re(o) - + == (1.6)

The electric data of the anterna described at first
are the following

L, = 107 [H/n]
¢, = 4,8.10" [¥/n]
coty = 100

;axiB. 4,56-106 [p/seq
;wire- 4,56.108 [m/seq

the phase velocity factor p

v
p = :ire « 1,52 (co = velocity of light in

(o]

free space)

This is very different from the behavior of antennas operating
in the beam mode which have a pg 1.

ol
2 8-—-1,45 kQ

1
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In equstion (1.6), the first term on the right side
represents the dielectric losses caused by the carrier ma-
terial and of the environment, respectively. The second
term gives the ohmic wire losses,

Since il is only 2 ohms and 1 is 1 meter, whereas
the input resistance is 66 ohms, it follews that the ma-
jority of losses are dielectric losses that can be re-
duced by reducing 2, for example by increasing the capacitance.

For this reason and mainly because of the reduction
in resonant frequency, tests have been made with the an-
tennas being submerged in water.

Fig. 1.3 shows the obtained impedance curve for the
antenna in water: Here, the ordinate is the real part and
the abscissa is the imaginary pert of the input resistance,
frequency being the parameter. The firsf rescnance has
decreased to 49 kHz which corresponds to a relative & of
550. Despite the conductivity of water (given in Fig. l.l),
the input resistance increased to no more than 71 ohms,

Since the resonant frequencies for this antenna for
both cases in air and in water were too high owing to
attenuation in rock and in water, and since there were
no suitable transmitters and receivers available for these
frequencies, new antennas were built,

The most recent and most interesting antenna is
shown in Fig. 1l.4: On a carrier made of six hard PVC tubes,

there are 772 turns of insulated copper wire, 1,5 mm in
diameter, mounted in six chambers. One turn again has a
length of 1 meter, the total length of the antenna axis
being again 2 meters., The picture was taken in the mine of
St. Gertraudi and shows also the stand on which the antenna
is mounted and the battery-powered transmitter made by

W. Kellner, member of the VLF-team,
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Fig. 1.5 gives the input impedance of this antenna
in air, with the first resonance at 294 kHz with 85 ohms
input resistance., The antenna has a Q of 126 and a band-

- width of 2,3 kHz, The dielectric losses are again much
51 higher than the ohmic losses which are only 8 ohme.
4 Furthermore, this antenna has the following data:

I, = 14,7 [ai/a]
: El - 50 [oF/x]

- cot vy = 384
i 6
% Voxis = 1117°10 n/sec
3 8
ix Veire ™ 1,5.10 m/bec
: wire
3 P = e =115
L o
Z - 17,2 kQ

ég This antenna was also put into the water chamber
! in the mine of St. Gertraudi. '

Fig. 1.6 presents a map of the central part of the
mine, It shows Basin I and the pumping station P irom where
the water is transferred into the water chamber called
"Mabuse" through 180 m of special rubber hose having a
clear width of 100 mm, "Mabuse™ has a capacity of 10,000 gallons
and can be filled or emptied within one hour if necessary.
Point A indiocates the source from which Basin I is per-
manently filled, The underground laboratory is located
45 m south of point P, Basin II increases the storage
capacity during dry-weather periods. For more detailed in-
formation please 'see Ref, [1] Pr 3-5.

Fig. 1.7 shows the antenna in the water chambey
which is completely filled with water during the measure-
ments,
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Fig. 1,8 gives the impedance curve of the antenna
in this situation. The lowest resonance lies at 5,50 kHz
which means a relative & of 2850, The input resistance in
this case is 122 ohms, which is somewhat more than under
"ideal conditions™ in air. The bandwidth of 1,5 kHz yields
a Q of 3,66, The characteristic impedance Z is no more
than 322 ohme (at 5,5 kHz only because 52 is a function of
frequency due to the polarization effects), This low 7 ex-
plains the relatively low input resistance, although
damping by conductivity is quite high (8 = 0,377, 281 =
= 0,755). (The error using formula (1.5) instead of
formula (1.4) is still smaller then 5 per cent).

l.3 Current distribution

Equally important as the impedance behavior of an
antenna is the current distribution., The main difficulty
when measuring the current distribution of small self-
resonant helical antennas is their ocapacitive sensi-
tivity., This fact represents a serious limitation for the
accuracy of measurements. However, an accuracy of less ‘
than 10% could be realized using the Hewlett-Packard AC-
Current Probe Type 456 A in connection with one of the
selective uv-meters with high input impedance,

The current distribution at resonant frequencies
is a cosine or a sine function which, as far as the field
strength is concerned, is an advantage of about 27% as
compared to the linear current drop of a short wire of the
same length as the helix axis and equal input current.
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l.4 Field strength measurements

Before starting propagation measurements in a mine,
the correciness of the mining chart has to be checked,
Therefore, & completely new survey of the mine was made
during the installation work, Thus, a number of dis-
crepancies between the old mining charts and the actual
distances could be eliminated.

Let us now discuss the fields of these antennas,

I% 48 sufficient to measure either the electric or the
magaetic field strength compoanents. Decision was taken in
favor of the magnetic comporents. because magnetic antennas
(esge, small ferrite rod antennas) are easier to balance and
have no capacitive sensitivity, As mentioned at the beginning,
these helical antennas represent a combination of one electric
ard one megnetic dipole both having the direction of the
helix exis. This gives three components of induction

(see Ref, [4],[?]1[6])*

1 ei(ut-—Kr)
B, = 3x B (Tones) cpe cos 5 (1 + ikr)  (2.7)
i(wt-Kr)
B = 2= by (Iened) ppe sind&——— (1-x%%+ 18r) (1.8)
r
i(wt-Kr)
By = é% B (Ie1)pp + sindo— = (1 + ikr)  (1.9)
{
B see in 2'_8_
2

\loo.o 4*010-7 [H/m]

ees current [a]

soe number of turns

I
n
A ... cross section area [n?]
@ ses angular frequency

t

eoe btime
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) ees angle between antenna axis and radius vector from
the antenna to the point of obszervation

T +eo transmitter to receiver distance

K «e.« complex propagation constant

K= Kl - iK2

Klo.. phase constant

K2..° attenuation constant

Y

T oW r 6 e =1
K, = < = o |72 11 + 11+ (weeo) [»™7] (1.10)

e

E P 6 2 -1
K, = %;fv'%?z 1-1 + |1+ (weeo) Exl (1.11)

w = 2xf ... angular frequency

o, = phase velocity of light in free space

EptBy oo relative dielectric constan%t, relative magnetic
permeability of the medium (ur = 1 in our case, ex=
cept for the ferrite rod antennas)

d = electric conductivity in mhos/m

e, = electric permittivity in free space = 8,86 + 107> [F/u]

The index "eff" in formulas (1.7) - (1.9) means
that the current distribution has to be taken into account.
In our case this means the factor 2/x by which the mag-
netic moments must be multiplied.

Formulas (1.7) - (1.9) indicate that B, and By are
in phase, both having a phase difference with respect to By
which depends on the frequency, distance and qualities of
the medium. For details in theory and measuring technique,
please see Ref, [91 and [:lq]o

Formulas (1.8) and (1.9) can be simplified for the
far field (with good accuracy for ke > %) which leads to

the following expressions:
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t (Iensa) -Kor
0 eff e 2 .2
|Bg| = o sin g — (k] + Kp) (1,12)
p_{I°l) -Kor
0 eff e 2 2
|BY| e sinﬁQ = Kl + x2 (1.13)

So the ratio between the absolute values of the
far field components of an electric dipole (3,) and that of
a magnetic dipole (Q&) can be written as:

Bf (Iel.l)eff

'ﬁ:-&- = (1014)
(I ened) ff'K1+K2
K + K = {K| in rock has an order of
I

magnitude of 10-2 to 10 -3 in the frequency region

under question, it follows that the product (1 ene A)eff

to be two tc three orders of magnitude higher than (Ia ol)
This formula could easily be proved with our

eff*

helical antennas, because we have the same currents and
current distributions for both field strength components

(Iel = I ; index "eff" means 2/x in both cases). Formula
(1+14) writes then as followss

.._l - .]:2'5_1.8__ (1.15)
BJJ helix nede|K|

The phase angle between BY and Q&_is then given by

2
X 1+ ‘1 + (wee )

tan & = fl = (1.16)
2 2
-1+'1 +(w5&)
So § generally lies between 45° (ideal conductor, + )

Wl‘.&
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and 90° (ideal insulators; + 0). Ref, [9] Fige 1.2

WEE
(s
glves the exact phase difference curves as dependent on
X
2
p = £ and Klro

The fields of the second described antenna have
been measured in the mine at the lowest resonance fre-
quency for both casess antenna in air and antenna in
water.

In the case of the anterna in a cavity in air, the
electrical quantities %o be substituted in formulas (1.7)-
(1.9) are the following:

I = 0,6 (4]

n = 772

A = 0,081 [of

1 =2 [m]

W = 2m0294.10° [Hz ]
E, = 1,76 + 107%™

K, = 0,53201072 [m‘lj

A eoo 0% 4ue 90°

At this frequency, the measured amplitude and phase values

i in the nsar field are conaistent with thecory witﬁin 5%; At
distances > 300 m they are not consistent owing to geo-
logical disturbances. The maximum distance covered at 294 kHz
was 600 m through rock, the transmitter power being 60 watts.
It was possible to match the antenna and transmission line
very carefully to the battery-powered transmitter made
by W. Kellner,

At the receiver side, a ferrite rod antenna of 48c¢cm
length was used as well as a bearing head in connection with
& FET-preamplifier (see Figl.9) and the selective pV-meter 2006
[BrﬁelﬂzKéaeri- The maximum field atrength at 600 m distancs

was 2,0 + 10~ 4[98/p1 s the noise level being still somewhat
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more than half this value. The angle ﬂ-wae approximately
90 degrees.

With the antenna being in the water chamber, the
following quantities are different:

I =0,8[4]

W~ 2% ° 5,5 o 107 [Hz]
-3 -1

Kpv 1,5 « 107 [27] = K,

The maximum distance bridged at 5,5 kHz was 1,6 km
through rock, a distance given by the size of the mine, The
transmitter power was s 160 watts, the "transmitter" being
t» McIntosh stereo-amplifier operated by an RC generator,

The receiving device was a twin ferrite rod antenna
1 m long, & FET preamplifier for the frequency region bet-
ween 3 kHz and 25 kHz constructed by Univ. Doz. Dr. W,
Pitterlich (see Ref., [li] ) and the Marconi pV meter TF
2330 with 7 Hz bandwidth., The field strength at 1,6 km
distance was 6,4 10713 [%s/hﬁ] the noise level being
~ 4,6 . 10°14|:vs/m9] (3mv) with peaks of ~ 5010712 Ers/m'J
about every second. Enlarging the distance in air, additional
400 m can be bridged. Greater distances could be reached
with a phase~locked amplifier,

In both cases, the maximum distance was not confinea
by the internsl noise of the receiving system, but by at-
mospheric and industrial noise produced in the neighborhood
of the mine. These noises cover a very wide frequency re-
gion and distance so that for example medium sized thunder-

storms at a distance of 100 km make these measurements
completely impossible,
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1,5, Calibration of the receiving devices

The receiving devices were calibrated in accordance
with the National Bureau of Standards, Ref, [}21. However,
one has to realize the length of the ferrite rod receiving
antenna and the 1/1:3 decrease of the near field produced by
the calibration coil leading to & smaller effective distance
than the two antenna centers geometrically have. This can
be calculated easily, since the mean value of a function
F(x) times the region of integration (xz-xl) equals

X

[ 7 (x)ax.
*1
Mathematically expressed:

*2 _
;g F(x) dx = F(x) (xz-xl) (1.17)

In our case, F(x) is C/x’ where C is the field
constant depending on the calibration coil dimensions and
the current in it, x is the distance of the center of the
calibration ceil, x, and x, are the distances from the far
end and the near end respectively, of the receiving antenns
to the center of the calibration coil.

Formula (1.17) can thus be written as:

*2
dx 1 1 1 C
c J[ 3 "3 ¢ ( S - 2) -3 (x2 - xl)
x x x x
x 2 1
1
and X the " effeotive" (medium) distance is thens
2(x, - x,) 1/3
X = —2 1 (1 18)
X (—1- -]--) [m‘] . .
2~ 2
x x

1 2
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The formula for the field strength in the near field of
a calibration c¢o0il is in accordance with Ref.[}2]z
Bo * I o7y 2.2,1/2 :
(1 + 8°RY) [ys/mJ
2R °
0

3] -

I oo circulating current in the calibration coil [A]

T. ese radius of the calibration coil [m]

1

RCZ) XX d2 + r]2. + r: [m'_]

T. sse radius of the receiving antenna to be calibrated [mw

2
d +...center to center distance of the two antennas [mJ

B eee 22 [0
o}

A, +++ Wavelength in free space [=]

For d° we have to substitute %> calculated from formula (1.18).
Furthermore (1 + 32R§)1/2

smaller than 1%) since the maximum distance used is / meters,

is nearly 1 up to 1 MHz (error

7y being 0,2 meters, T, being negligibly small.,

1.6, The problem of comparing antennas in dissipative

media,

Sometimes one wants to compare different antenna
types or different antennas of the same type to optimize
some transmitting or receiving problems. Therefore the
author would like to point out some of the fundamental
facts and problems occurring when antennas are used 1h a
lossy medium and for the purpose of comparison. In this
case one should meke sure that:

1) The surrounding medium has the same properties

.. _ .. 7 - -
in all casés in question (In addition the same

method of measurement of these properties should
be used})
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2) The frequency is the same in all cases.

3) The cavity in the lossy medium has the same size
and shape,

4) The antennas have approximately the same siza,
This of course is a very critical point. The
problem is how to compare geometrically a long
and straight wire and a circular loop for

instance, Perhaps one should count the volume

occupied by rotating the antennas in all directions,

5) In this cavity, temperature, medium, pressure and
humidity are kept constant in all cases, since
these circumstances can change the properties,
especially of small antennas, by powers of ten,
(This was experimentally proved during our work).

6) The antennas operate under the same electrical
power condition (very essential not only when
using magnetic cores).

In addition it must be mentioned that many quantities
defined in air such as radiation resistance, power-radiation
factor and therefore also efficiency (see for example Ref.[13])
are not defined in a lossy medium,

The reason is the following: In air or in vacuo,
the radiation resistance is defined by volume-integration
over the pointing vector in the far field of the antenna,
Dividing this integral by the sguare of some maximum current
along the antenna'one obtaing the radiation resistance, This
integral is volume-independent in vacuo as long as one
integrates around the radiation source. This of course is
not so in a lossy medium, furthermore there is no "radiation
field" in such s medium, strictly speaking,

In air, parts of the near field energy come back to
the antenna producing the capacitive and inductive properties

of the antenna and the Q factor. In a lossy medium nearly
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all the energy is consumed in the extreme near field where
there exist the highest field strengths. Therefore it is
clear that even if a thing as the radiation resistance

could be defined in such a medium. the meaning would be very
poor,

In such a situation the only things one is able to
compare are the electric or magnetic field-strength compo-
nents and their phase-correct combinstions produced by some
antenna at some frequency under certain conditions at a
certain distance., A theoretical approach to this problem
wag made by Dr, G, Tinhofer, Innsbruck, Ref. [14] in the
frame of the VLF Project Univ, Doz. Dr. W, Bitterlich, It
was found that for given electric and magnetic moments and
medium data there exists an optimum frequency for a certain
distance., However, the problem is much more complicated,
because nothing is sail about how the moments can be pro-
duced best at this frequency, furthermore the frequency de-
pendence of the medium properties and the noise level distri-
bution had to be neglected,

However, the radiation resistance and efficiency'
of these antennas working in free space can be easily cal-
culated. (Ref. [13]). This shall now be done for the
second described antenna at 294 kHz:

The radiation resistance of the electric dipole
component isi

2 -4
E& = 20 (1eff° K, )C = 1,2 e 1077 Q

aiyr

The magnetic dipole compcnent gives:

. 2 -
Ry = 20 [}n.F)effxiair)] - 4,32 » 1072 @

The total antenna efficiency is therefores
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. . "ot Re 4,32 0207 41,2 . 307
R

- input 85

= 1,92 . 1076,

As the antenna has & real input impedance of suitable value
it can easily be matched to a transmission line and a trans-
mitter. Therefore a coupling efficiency of nearly 0,5 can

be reached without difficulties,

This is one of the advantages of this antenna type.
Even higher efficiencies could be obtained with a completely
dry antenna (in air) or with a surrounding medium of high
£ without the conductivity of the used water (for example
glycerin).

0f course this antenna type has a series of dis-
advantages, e.g., the capacitive sensitivity and the cavity
condition mentioned at the beginning of the paper. But these
properties are inherent to all small antennas of high
efficiency or high Q.

On the whole, this antenna type seems to be quite
reasonable having advantages which other equally-sized
antenna types for transmitting purposes do not have, without
having some of the less interesting qualities of pure electric
or magnetic dipoles discussed in Ref._[l}].
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2, MEASUREMENT OF THE CONDUCTIVITY AND DIELECTRIC CONSTANT
OF A WEAKLY CONDUCTIVE HOMOGENEOUS MEDIUM BY WAVE PRO-
PAGATION L

2.1, Introduction

For the ideal cuse of an isotropic, homgeneous and
unbounded medium, the field strength formulas for this
special case were derived in a well-known manner from
Maxwell's equations [61.

For practical and theoretical considerations [}5],
naegnetic dipoles were used for the transmitter and re-
ceiver of such waves, On the transmitter side, thay wers
materialized almost exclusively Wy non-ferrous irzme coils
of various dimensions, whereas on the receiver side‘ferrite
rod antennas proved favorable.

2.2, Theoretical considerations

0f all the field formulas, only the magnetic
component is of interest in this conmection for under-
standing the above-mentioned method.
The followiﬁg relations are valied for this spe~
cial case .
ﬁr - 2 m exp (-ik®r) cos AQ(;L'+ i%—)
-

I.‘3 Ir
Hj = 0 (2.1)
~ * 1t P
Hg=m exp (+ik'r) sin»9~(—:;’-+-—é—+ = )
T T

where m = n+I.F = magnetic moment of the transmitting frame

& = angle between the axis of the transmitting dipole

ing {rame) ana the radius
vector with respect o the point of measurement

r = distance between transmitter and point of measure-

ment
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k* - complex wave number containing the material constants

&y 0, 1 and the frequency w = 2xf,

x 2 ig .
K = Yw eE LR, Tl " et =k, =ik, . (2.2)

Calculating the amounts of the parts of compenents thet
depend on the distance only, we obtain
2k, ko + k5 1/2

+ (2.3a)

1
H, = 2 exp (~k r){_ +
0 2 ;3 5 A

for JL- 0° in correspondence with the first Gaussian po-
sition and
2

2 2 2

2k 3k, - k 2k, (kT + X5)

1 2 2 1 2\ 2

Hgo = exp(-kzr){'r6 + 5 + 3 + 3 +
2
(2 + 2)° ) V2
+ 3 (2.3b)
r

foril- 90o in accordance with the second Gaussian position.
The induction voltage at the point of reception
which is proportional to the field strength, is found to be

1/2
Uind ~ |g' ~ {choszﬂ}Z + H;o ainzf\ﬂ'} (2.4)

In all formulas, the conductivity 6 and the dielec-
tric constant & occur as essential rock parameters in
the wave number (kl) and attenuation constant (k2)'

Hence results the demand for a measurement of these
quantities which is as simple as possible and sufficiently
accurate,

cimens which at first appeared well suited, proved to be
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problematic, since essential factors such as humidity and
porosity change when producing the specimen,

The present method permits measurement immediately
through rock by means of wave propagation. The basic idea
of this measurement lies in the fact that the rock para-
meters influencing and changing the wave propagation, are
made accessible to measurement by this very change, The
principle of this measurement furthermore conzeins an
averaging of the parameters & and ¢ over the region pene=-
trated by the waves, which is of great advantage for
application to propagation measurements as compared to
measurements on locally taken laboratory specimens,

Further considerations are based on measurements
of directivity patterns giving in a well-known manner the
radiation characteristics of a magnetic dipole as dependent
on the parameters.a'at constant 6 or r. Fig, 2.1 shows
two diagrams for constant ¢ and variable distance r as
parameters., Fig. 2.2 shows two directivity patterns for
constant distance and variable 5, with the field strength H
or a quantity proportional to it (e.g., inductance B or
induced voltage U) being plotted radial}y at the point of
observation.

In all four families of curves, one can see the
change in the curve shape from a horizontal eight (near
field) at low conductivity or small distance via approximately
annular (transition zone) to a vertical eight (far field)
et high conductivity or great distance.,

Mathematicdal analysis of these curves yields the
parameter representation

1/2
x = H cos:ﬁ'--{ﬁg cosawl + H2 ainzaﬂ} cos«g

90
P V. S C )
y = H gin A = {H] coa™F + H;O sin) | sin

and after eliminating the parameter j’a four-degree
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equation i5 obtained. The shape of the antenna directivity
pattern is determined only by the relation of

G = HO/H90 . (2.6)

Thus, the quantity G is the ratio of the field strength at
the point of observation for the two Gaussian positions.

Explicit calculation of the expressions for kl and
k, from Eq. (2.2) yields

2
1_1_ 2. T 5
ky = |5 0" e, 1+Yl+(m¢5°
T3 Y ‘1 5 2
k, = 1-2- wp ge  [=1 4+ |1+ (“’“o) . (2.8)

6
WEE

)2 (2.7)

If >> 1, the second root of the two equations can

be simplified, yielding

™

=

. ) prOJ
kl = k2 = D . (2'9)

This simplification corresponds to a neglection of the dis-
placement current, the dielectric constant & no longer
occurs in the formulasl:ﬁj. The parameter 6 which is de-
cisive for propagetion, can be determined by measuring

one single gquantity, e.ge.,; G. For greater details and boun-
daries for the applicability of this method see Ref. [}1]
and [18] .

2.3, Ccnditions of meesurement

If the two parameters & and 6 are to he messured,

the frequency .aust be chosen so high - :at
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that both, the conduction current and the displacement
current contribute to wave propagation.

The other exireme case of YY) << 1 does not yield
anything new for the ¢ -& measurement, since both unknowns
are s8till contained even after simplification of the ex~
pressions for kl and kz. The experimental meterialization
of this approximation requires either extremely low
conductivity or a frequency that lies right in the MHz
region. The applicability of the formulas for the VLF
region for such high frequencies still remains to be
checked.,

The direct calculation of the quantities g and 6
from the Eqs. (2.3), (2.7) end (2.8) theoretically is
possible always with two independent quantities being
given (e.g., H90 and G). The given formulas, however, are
far too complicated for a direct calculation, since the
unknown quantities are contained in the power and also in

the exponential expressions.

2.4. Graphical determination of & and &

A much simpler method is the graphical determination
of £ and 6 by means of families of curves, with the attainable
accuracy being adaptable to the requirements and the accuracy
of measurement,

For obtaining the necessary families of curves, a
large field of field strength values was computed at
Innsbruck University, About 35.000 figure values on about
180 pages shall be published separately.

Plotting the pairs of G and vaalues as dependent
on the variable parameters 6 and & and the fixed parameters r

(distance) and w (frequency) on a diagram, we obtain Fig. 2.3
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and 2,6, The latter are only a small part of all possible
and possibly necessary families of curves,

Each family of curves here corresponds to a certain
frequency and distance of measurement. Theoretically, a
measuring frequency and distance suitable for any imaginable
combination of £ and ¢ can be found so that curves for the
parameters to be separated are far enough apart from each
other, Then the trumpet shape of Fig. 2.3 - 2.6 is8 obtained.
The region of measurement thaet can be evaluated in practioce,
is due to the technical limitations of the measuring in-
struments, e.g., by the signal-%o-noise ratio or by the
transmitter power as shall be discussed later,

The conductivity 6 and the dielectric constant &
ars determined so that the measured values of H90 and
¢ =~ Ho/ﬁgo of a suitable point of measurement are plotted
ir. the vorrasponding disgram, from which the rock para-
zeters £ &nd § oan ba read directly or by interpolation,

2,5, Accuracy of measurement

Natnrally it 15 possible to estimate the accuracy
3£ messurencn® for £ und 6 in accordance with the laws of
ugual czlicvlation of errors. The aceurasy of the parameters
is easy te dsbterwmine in connection with the table of errors
gemputed &t Innsbruck University. This table ocontains the
deviation factors of the quantities Ho, HSO end G for a
perauws ey change cf +50% for the same parameter region us
above, These table walues ars those factors ty which the
£i41ld atrength veiuvs at snastant parameders would have %o

ba melidinlied in crder to yield the wvalue of parametor
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The following relations are valid:

Ho(d + A6,E) Ho(d,e + Ag)

AHS « AHE
0 HO 0 Ho
H,.(6 + A6,&) H, (0,6 +A8)
AHgo’ 2 " : ARG 2 ;
90 90

AcS - 8+ a6.8) (2.10)

! £ . G(6,& +A&)
AG M

By means of the above values, the following quantities

are obtained for the points of measurement to be examined:

Ae = 100 {max|(AHS,,A6%) - 1]|}%

’
Zf’ (2,11)
As = 100 {max|(AHg, A6%) - 1|34
which take into account the quantities G or H,. decisive

90

for the accuracy of &(Ae) and 6(As) measurements. In

the diagrams Fig. 2.3 through Fig. 2.5, the relation can be
seen from the position of the families of curves for con=-
stant 6 and & relative to the ordinate (G) or abscissa
(H9O). In Fig. 2.3, for example, the quantity H90 (in con-
trast to the quantity G) in the neighborhood of the
approximately horizontal curve for 6 = 1072 (8/m) is no
criterium for distinguishing various 6 values.

If we assume the quantities G and H,., to have a

90
measuring accuracy of Am, and if linear intexpolation is
permitted, which will be the case for a small region, the

errors for & and 6 will be as follows:
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Anm
Ae = 50%= %
Ae (2.12)

Am .
A6 = 50 &= %

e T

2.6, Example of measurement

e

Al AN D
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For checking this method experimentally, the above-
mentioned series of measurements was made with an existing
device working at 120 kHz. Table 2,1 gives only those values

the corresponding curves for which are described in the
present report.

e It L A AT kd

sy Srctingt

TABLE 2.1
T | H90 | G
| -6
200 m 2,5 o 1077 0,75

The quantities for HSO were converted into the "reduced"
field strengths given in Egs. (2.3a,b) by means of the ca-
libration factors specific for the measuring instrument, The
magnetic moment of the transmitting dipole here will be m = 1
(efs Eqo (2.1)) and the voltage U induced in the receiving
antenna must be converted to field strength values by the
calibration factor,

The diagrams (Fig. 2.3 and Fig. 2.4)thus yield the
values
¢22 107 s/m
£ )2 .
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For determining the accuracy of measurement, the tabl~ of
deviation factors will be used from which the values for
¢= 10 (by approximation for &= 12) and 6 = 3 - 1074 S/m
(by approximation for 6 = 2 . 1074 S/m) are taken in
accordance with Table 2.,2.

TABLE 2.2
¢ £ 6 3
T AH9O AH90 AG ‘ AG
100m | 1,033 1,049 0,835 1,006
200 m [ 0,71 1,18 0,82 0,994

From Eqs. (2.11) and (2.12), the limits of errors are de-
termined for a measuring distance of 100 m on the basis

of & measuring accuracy of Am = 10 %3

A6 = 30 %
Ag = 100 %,

For a distance of 200 m, the corresponding figures are

A6 =26 %
Ae = 28%,

In accordance with the curves, the accuracy of measurement
incresses with the distance, but cannot be increased ar-
bitrarily, since the accuracy of the original values of
H90 and G decreases as the distance increases, because
of the decreasing signal-to-noise ratio,

A better and more effective possibility of increasing
the accuracy of measurement can be seen in Figs. 2,5 and
2,6, At a frequency of 1 MHz and at a distance of only 2C m,
the splitting up of curves is approximately the same as i%
is at 120 kHz and 200 m, At such small distances, however,
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the cavity must alresdy be taken into account. The selecti-
vity of this method increases about proportionally with
frequency, i.e.,, at constant resolution, the product of
frequency and distance is approximately constant,

In this connection it must be taken into account
that the method is an integrating one owing to the method
of measurement, which summarizes and averages over the more
or less considerable fluctuations in the room penetrated
by radiation.

For accurate measurements it must furthermore
be taken into consideration, that 6 and ¢ both depend on
frequency. Information on freguency measurements in this
connection are found in [i9J.and [@] .

2.7. Influence of phase shift between HO and §90

Should a special meter for directly determining
the required quantities G and H90 be not available, the
field strength values of Hy and Hy, (¢ = HO/H9O) are de-
termined by the method of antenna directivity pattern des-
cribed at the beginning. The method of measurement and a
complete measuring apparatus are described in detail in [ié].‘

Vhen determining the field strengths Ho and E90
it is often necesssry that several measurements must be made; and
it is not always possible to keep the angle Aﬁexactly 0°

or 90°. In this case, the amount of the field strength

at the point of observation is given by

fw moexp{-k,r) (B2 cosod- + B2 :sinzhg-’l/2 A~ T (2.13)
i PA-K, T B, 90 I ’
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Since H and H90 themselves are vectorial quantities, they

3 combine into one vector H only if both are in phase., H then
forms the diagonal in the rectangle spanned out by ﬁ' and
Hb,. (H and g}.are the vectors whose amounts are given in
Eq. (2. 1) ). If H and 3&, are no longer in phase, there re-
sults a rotating field ellipse which in analogy with the 5
Lissaaous figures is inscribed in the rectangle over 2 -« H

: and 2 - E},. The graphical representation of this fact is
3 given in Fig. 2.8.

Pl AN ]

The quantities U; and U, correspond to the large
5 and small axes of the rotating field ellipse and are in-
- duced as the voltages in the ferrite rcd antenna if the

latter is orientated in the respective direction,wy'being
the angle of orientation of the direction finding antenna
] with respect to the radius vector toward the transmitting
3 antenna,

Hereinafter, the influence of the deviation AU on
the measurement of & and 6 will be estimated,

&t A rotating field ellipse on the whole will result
| only if two non~parallel components that are out of phase
; are added. This yields immediately that an elliptic polarization

cannot exist at J}- O° and A}'. 900 where in accordance

A ana #
with Eq. (2.13) there ocsurs only the component H, and £¢,
respectively,

L TR g T T

é For J-values between O and 90° ’ H consists of two
; componentss ﬁ; and gg. The ratio

E A |grl

CRNEN

determines the axial ratio of the rectangle in which the
rotating field ellipse is inscribed. The axial ratio of
U /ﬁ of the ellipse is a measure for the phase shift between

Er and H Q.

=G+ cot & (2.14)
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If the experimentally determined Uk is compared
with the R calculated from Eq. (2.13), we find an amplitude

error of
Uy .

AU = 10001 - =5 ) 5 . (2.15)

B

The errors to be expected for some combinations of A/B and
U,/U; are calculated in Table 2.3,

TABLE 2.5
5
U2/U1 0,1 0,2 0,3 0,5
sz Y| av AU AU AU
3 1 %2 % 6 % -
2 0,6% |2 % 5,5 % 12 %
1,5 0,7% |3 % 6,5 % 10,5 %
1,25 1 % |3,5% 7,5 % 11,5 %
1,0 2 % |4 % T,7 % 12,3 %

The table shows that the error for an ellipse with the axial
ratio U2/Ul being below 0,3 usually will lie withing the
measuring accuracy and that intermediate values of J’may
therefore be used for determining Ho and H9O' HO and H90
can then be calculated and averaged from several measure-
ments by means of Eq. (2.13).

For the infrequent vase of U2/Ul = 0,5,
H, and Hy, must be determined at o~ 0° and K= 90° a8
precisely as possible, since here, as mentioned above, only these

components will occur and can be measured accurately,
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3 MEASUREMENTS WITH THE LARGE TRANSMITTING ANTENNA SA 9

TN

3 3.1. Large transmitting frame SA 9

oy

pitony |

In continuation of measurements over great distences
made by Univ, Doz. Dr. W. Bitterlich and Dr. O. Grdbner,
studies with the transmitting frame SA 9 have again been
made [?d]. The transmitting frame SA § which Las the dimension

S -kt

of 40 x 40 m, 10 turns of 135 mm2 aluminum conductors is

spanned out in suitable galleries and shafts in the mine of
GroBkogl where it had been set up in 1964 with the same shape

it 8till has. As the antenna has never been serviced up to the
present measurements, great difficulties were to cvercome before
;. vsing it again. ALl supporting inuslators were dsmp and dirty,
some weve broken ard had to be cleaned ox» replaced., The nylon
ropes used for binding the aluninum cables to the insulators

were all damp and partiy broken so that some time had to be

used for repair work.

Impedance as dependenti on frequency could not be
measured with the conventional bridge balancing method for
reasons which so far have not been fully explained. For getting
as clear as possible a picture of the electrical properties
of the antenns, the inductance and self-capacitance were de-
termined by the resonance method. The antenna SA 9 can be re-
presented with sufficient approximation as shown in Fig. 3.1l.
At the transmitter output, and at the end of the Lecher wire,
the transmitting antenna is operated as a series resonance

circuit in order to obtain a resonance resistance as low as

possivle, to which the transmitter ou*put can be matched bvest,

30T RN T L L L ADw T . -
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Lecher wire

Fig. 3.1

The impedance at the Lecher wire terminals is calculated as

fellows:
-
Z = KR-O- }-{w + ﬁL”C
P
2 1 1
Z =R+ JoC_ * T750L + 30 (3.1)

1 1
=R+ (17wL - wcp” we; )

At resonance frenguency, the imaginary part disappears, i.e.,
the expression in parenthesis of Eg. 3.1 becomes O, Hence,

1 1 (
= 3.2)
17wL - pr wCe
or f = L .

2:1L(cp + cs)

If for the graphical reasrecentation of various points of
measurement we chose the form

iﬁ - 4x21,(cB +0) (3.3)
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with v o= k(x + xo)

the parallel capacitance can be read from the negative abscissa
section, whereas the antenna inductance can be calculated from

the gradient of the straight line. The actually measured valunes
are listed in Tabl: 3.1 and graphically represented in Fig. 3.2,

TARLE 3.1
£ ¢, 1/5°
kHz uF
1,18 1000 7.2
1,44 670 4,8
1,85 430 2,93
1,98 395 2,56
2,15 330 2,17
2,44 260 1,68
2,85 192 1,23
3,25 149 0,95
. 3935 123 0,89
4,15 88 0,58
5,500 58 0,40
6,7 30 0,223
8,2 20,6 0,149

The inductance for SA 9 calculated from the gradient of the
curve in Fig., 3.2 and from the mean value of the individual

points of measurement is as followss

The straight line placed optimally through the points of measure~
ment goes through the origin with sufficient accuracy.
This shows that the parallel capacitance ie negligibly small.
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as compared to the tuning capacitances,

It was assvued that one of the possible reasons for
the non-functioning of the bridge method for determining the
impedance was the difference (orders of magnitude) of the
current intensity and voltages at the antenna on the one hand
when operated in resonence with the transmitter and on the
other hand with the measuring generator, }lor studying this
possible effect, resonance curves were plotted at ever decreasing
voltages and resonance current. The values are listed in Table
3¢2, The circuit used for this purpose is shown in Fig. 3.3,

1
LI
C.
s 3 ]
. Isolat beat-fr {7
MRS 1, ans. oscillator|, _ //Yres
N4 A

-
mY

Fige 3.3

Here it could be seen that the beat-frequency oscillator (Grundig)
used as measuring generator, has an output separated from the

a~c mains only insufficiently so that in the circuit without an
isolating transformer an a-c¢ current flowed through the

antenna which made an accurate measurement impossible., The

use of an isolating transformer (Grundig) permitted & correct
measurement. Another difficulty arose when measuring the current
by means of the multi-purpose instrument Unigor 2s (Gorz). For
the small range of measurement, tﬁg too large resistance of this
instrument reduced the Q of the antenna such that a direct

measurament for currents as asmall as that wag imp:
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At 60 ma, this instirument has a resistance of accurately 1 Ohm so
that the voltage drop on this resistance can be measured by

means of the selective transmission measuring set (Marconi), the
voltage being equal to the current intensity. The current in-
tensities for the last three lines of Table 3.2 have thus

been measured. The values of Table 3,2 are voltage values that
are standardized to 100% a% maximum resonance, giving the

drop of the resonance curve to the lefi and to the right,

TABLE 3,2
res f_}l__kHz:l

2,48 | 2,50 | 2,52 | 2,54 | 2,56 | 2,58 | 2,60
1,35 & | 33 43 65 | 100 | 95 69 | 48 , :
0,15 & | 34 46 66 | 100 86 63 37 o
13 ma | 43 57 g2 | 100 86 59 46 ;
1,5 ma 49 63 83 100 83 63 49
103 pa | 47 62 85 | 200 &3 62 47

In the first two lines of the table (corresponding to the
current intensities of 1,35 & and 0,15 a), the maximum

voltage seems to be somewhat unsymmetrical, and the maximum
value of voltage wouvld accordingly be more than 100%. The
reason for this unsymmetry is to be sought in the resistance

of the instrument, as thz resistance foxr these two regions

(6 & and 0,6 a) is 0,06 ohms and 0,23 ohms, respectively so ’
that attenuation of the entire circuit for these two regione

is much lower, This is expressed in a displecenent of maximum
voltage toward higher frequencies, and when plotting the ocurves
or comparing the voltage values more precle:ly, Q is found

to be somewhat higher. For the highest resonance current, a

Q of about 40 is obtained. By means of this measurement it
could be proved that Q and alec the anienna indusctance are
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independent of the applied current or voltage at least over
four powers of ten of the current or resonance voltage. The
failure of the bridge method thus cannot be explained by re-
ferring to currents or voltages owing to galvanic or leadage
currents.,

For the purpose of explaining the failure of the
bridge measuvrement, it must be examined in how far a loss
resistor Rp (cfe Fig. 3.1) to be plotted parallel to the

inductance L affects the measurement by making it impossible,

3.2+ Feeding the large transmitting antenna SA 9

The large transmitting antenna SA 9 was fed in the
same way as in the 1964 examination by means of a trans-
mitting amplifier Type Savage with an output power of 1 kw,
The frequency generator was & decadic RC generator (Levell)
which in the used frequency region had the required accuracy

i of frequency and stability., The output transformer of the
transmitting amplifier has several circuit variations per-
mitting the output resistance and output voltage at full

modulation to be varied. The most favorable output impedance

was then determined by experiment.

In the former experiments, oil-soaked paper capacitors
of high dielectric strength were used for tuning the trana-
mitting antenna to resonance, The quality of these capacitors,
however, was insufficient for guaranteaing continuous operation
at bigh voltage., They got too hot and their quality was thus

reduced considerably, For the purpose of attaining a highex
resonance power on the antenna, new ceramic capacitors
.(Rosenthal) were ordered which were able to take the high
reactive power without noticeable temperature increase, Since
the maximum capacitance of these capacitors was only 6000 pF
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owing to their construction, the frequency minimum was €,2 kHz,
the six disk-shaped capacitors having a total capacitance
of 35 nF, \

For attaining a higher antenna current, the frequency
had to be reduced, the capacitance thus being increased.

At a frequency of 1,16 kHz, a maximum resonance current of 15 a
could be atvained (measured by Unigor 2s) and kept constant

over & long period of time by means of a mica capacitor
(capacitance 1 pF) borrowed from the Austrian Radio Compeny.
During the propagaiion measurement, however, it va;_fovnd-out
that there existed a number of signals close to the transmitting
frequency in the neighborhood of the high-voltage lines which
are very close in the region to be meuasured. Probably these

are keyed pilot frequencies on the TIWAG lines.,

These interfering signals made a measurement over great
distances impossible, a somewhat higher transmitting frequency
had to be chosen.

After several experiments, a group connection of all
existing capacitors wasfound, yielding a resonant frequency
of 2,74 kHz and a resonance current of 12 a which could be
kept unchanged for over six hours. The circuit of these ca-
pacitors is shown in Fig. 3.4.
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For facilitating the measuvrement, a previously prepared
impulser was connected between the RC generator and trans-
mitter for switching on the signal for 8 secs and off for

2 secs, By means of this regular fhythm, the signal %o be
measured can clearly be separated from the interfering signal,
even with the noise level lying in tﬁe same order of magaitude
as the signsl to be measured. The measurements thus conduocted
over largest possible distances, are described in detail in the
next chapter,

3+¢3¢ Measurements with ‘he transmitting antenna SA 9

A propagation measurement around the transmitter site,
namely the region of St. Gertraudi - Reith - GroB8kogl was made
with the above-mentioned arrangement (transmitting antenna SA o
4+ ceramic capacitors for tuning to resonance, resonsnt frequency
of 6,7 kHz. The measured values are listed in Table 3.3.

Fig. 3.5 gives these values graphically. A comparison
with the antenna diagrams of former studies[iS, 18, 21] is
possible only up to a certal.. point, since the conditions for the
former directivity patterns are fulfilled only in parts, Thesa
aret 1) the ¢istance of the different points of measurement to
the transmitting antenna is not the samej

2) The points of measurement lie outside the mountain, on
the earthis surfacej

3) The distance of penetrated rock is not equally long for
all the points,
The last two positions are considerably different from the cone
ditions aseume@ in theory.

4) The points of measurement do not lie in a plane so
that the counting of angles strictly speaking ought to include
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two angles, one in the horizontel direction from the antenna
axis, the second one as & vertical deviation from the horizontal.
Remarkable is the last point of measurement over a distance of
about 3 km (Cafe %illertal), where a signal-to-noise ratic of

5:1 was attained.

The values of table 3.3 were measured with a receiver
which shall be described im detail in the following ochapter. The
antenns preamplifier was operated without & resonance cirocuiz.,
This is why the sensitivity ie still very low,

TABLE 3,

Propagation measurement 13 Aug. 1968

Transmitters SA 9 Levell R-C-Generator, Savage~-smplifier (75 v

matching) 5 Rosenthal ceramic capacitors C =

tot
= 30 nF, f = 6,68 kHz, I, = 6,8 a_,, (Unigor 2s)

Receiver: FA 6 ("Plexifetantenna®) Cascode preamplifier (non=
selective) with transformer output, Marconi

point of measurement |r [m]| Tg Ty s/x
entrance 3%0 | 6 v] 2 mv 3000
1 81c { 1,1 v} 2 mv 500
2 870 { 0,9 v| 1,5 mv 600
3 1160 {220 mv | 1 mv 220
4 880 0,7Tv] 2 nv 350
Landhaus 1600 (92 av | 3  mv 320
Cafe Zillertal 3100 (10 mv | 2 mv 5

Ug ++e Signel - (useful) voltage

UN eso noise voltage (jamming transmitter and noise)
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A series of measurements over distances as large as pcssible

was made at a f;equency of 2,74 kHz and an antenna current

cf 12 a. JL, the angle between the axis of the transmitting
anterna and the radius vector is about 45o for all antenna points.
The points of measurement lie along the Inn valley on a line
connecting the mines of St, Gertraudi and Schwaz. The individual
values of mégaurement are listed in Table 3.4.

TABLE 3.4

Propagation measurement 10 Dec, and 17 Dec.
1968
Transmitter: SA 9 decad. Levell R-C generator, impulser,
Savage amplifier (50 v matching) 5 Rosenthal
capacitors & 6000 pF, 4 cube capacitors a 380 nF,
pot-type capacitor with 6 anglés‘h 330 nF,

. £ =2,744 kHz, I, = 12 & (Unigor 2s)
Receiver: FA 6 ("Plexifetantenna") Cascode preamplifier
. ‘with resonance circuit, Marconi
Point of measurement r ]| Ug Uy S/N
Entrance 550 1500 mv
Landhaus 1600 | 22 mv}10 wuv| 2200
Cafe Zillertal 3100 | 1 nv
junction Zillertal 3400 | 1,4 mv |10 v 140
" Achensee 4300 (0,6 mv |200 wuv 3§)
Rotholy 5300 {300 uv | 20 wuv 15*@
St. Margarethen 6400 { 70 v | 10 wuv T
Aral filling station 7400
(before Galzein) 50 wpv] 10 uv 5
opposite Jenbacher Werke 7800 | 40 pv 8 v 5
before entering Galzein road 3800 30 118 8 wuv 4
arive to mine of Schwaz 11.7km} 20 pv 8 wuv 2,5
behind Messerschmitt hall 11,34 8 uv 4 uv 2

%) distance to the next high-voltage line
%%) distance to the next power line &bout 20 m
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The tables show that this measuring srrangement for the
first time permitted measurement over a distance reaching from
tne mine of St. Gertraudi to the mine of Schwaz, i.e., 12 km
were penetrated. Radio~communication between the two mines had
been the aim of previous measurement, which, however, could
not be attained, since the capacitor quality on the transmitter
gide was not high enough, and an adegquate, low-noise receiver
kad to be built first. Very favorwiic for the measurement were
the noise level which wes very low at that time; the choice of
frequency between two jumning stations, and the transmitter
signal which was keyed.

The graphical representation of this series of measure-
ments is shown in Fig. 3.6. Comparison is made with the theo-
retical curve for & conductivity of 10'4 mhos/h. It can clearly
be seen that attenuation for the measured propagation is lowex
than the rock conductivity to be expected, since the measure-
ment is not made continuously through rock. Zillertal causes a
3 km interruption, penetration into the ground afterwards being
only partial. It shall be examined in later studies whether the
signal propagation is a ground wave or skye wave, At a wave-
length of about 100 km, it remains to be studied whether this is

e case of wave propagat:ion at all or whether it is a kind of
open transformer.

3.4+ Receiving device EA 7

In view of large distance propagation measurements and of the
weal signals to be sxpected at measurements under difficult
conditions, an extremely lowenoise antenna preamplifier was .
constructed which was intended to have good noise properties-
and high electrical and thermal stability. For the input stage,

very low-noise transistors were choseng silicon NPN transistors
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type BFY 77 having a characteristic noise factor of 0,6 db in
a frequency range of 3 - 300 kHz, For fully utilizing this low
noise factor, a cascode circuit [gd] was chosen for the irput
stage. This type of circuit comparatively seldom described in
literature, has some very interssting properties. For this
reason, this circuit is going to be described hereinafter, The
input cirouit is shown in Fig. 3.7.

' o+ 9-25V
P 'M\:ijw - Uag
T ——
220kQ. (30“2.“2‘ U
f—d—a—D 2
SpF/25V
P1 | 1 "+ 77
500K _[_ SpF/
L1
== 0000M}———
Pig., 3.7

In order to avoid coupling over a high-resistance input circuit
(resonance circuit) which is disadvantageous for the noise level,
inductive coupling was preferred. It has an input resistance of
about 1,5 kQ, its noise power being practically negligible. From
the Nyquist formula, a noise voltage of 0,014 pv on this re-
gistor was calculated for a receiver band width of 10 Hz
(Marconiees 7 Hz). The potentiometer P1L of 500 kR which is used
for adjustment of the base bius of the first trangistor is
short-circuited for a-c by a 5 uF capacitor. The voltage Ucm on
t{ansistor Tl is very small., The latter therefore has only low
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amplification, but is very favorable with respect to its noise
behavior. Actual amplification is due to transistor T2 whose

base can be adjusted vis the potentiometer Pz whioch in this
circuit has been replaced by fixed resistors. The base of T2

is grounded for a-c, i.e., the transistor T2 operates in grounded
base connection. The adjustment of poteriiometer P2 ie uncritical
in a relatively large region. If the bese bian is driven too

far toward positive battery voltage, the cascode circuit be-
comes unstable, tending to self-excited oscillations, Coupling

of P2 to the collector of the second transistor instead of the
positive battery voltage, leads to negative feedback supporting
the voltage stability. The most favorsble battery voltage was

18 v, the amplification factor being v = 72, Table 3.5 gives

the dependence of the amplification factor on the batiery voltage..

TABLE 3.5

A-plification as dependent on Ubatt

U, V1] 7 | 9 \ 10 ‘ 12 | 15 I 18 l 20 | 26

rel 1,1

v 0,5 ‘0,8 ‘0,9 \0,96 ll,o l 1,0 l 1,0
It is remarkable that the amplification factor is almost constant
in a very large voltage region (15 - about 22 v)., This is due
to the negative feedback of transistor T2 via potentiometer P2,
and to the pentode characteristic of the total cascode stage,
The signal passes through the cascode circuit undistorted in the
entire region of voltages and frequencies,

Feeding the signal directly to the primary side of the
input transformer L2 in & suitable manner, the following fre-
quency response can bhe measureds
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600 Hz .,os 150 kHz at -3 dB
900 Hz ... 100 kHz at -10%.,

The cascode ciicuit.with the values described in Fig. 3.7, hes
an inpu? resistor of Rin = 1,5 kQ and an output resistor of
Rout = 25°'kQ, The demend for linear amplification limits the
output signal at a meximum of 6 Ve (measured with a Philips
double~bea os¢illoscope).

For testing the temperature stability, the temperature was
measured by means of an iron ~ constantan temperasture tester
and an Unigor lp on the transistor case; high temperatures were
reached by a hair-drier, low temperatures .,/ means of & ¢»2ld
spray. Low temperatures were measured during the tempersturs
rise. The fbllowing values wsre measured:

Temperature 10°C amplification ratio vt/kzo = 0,85

16° 0,86

20°¢ : 1

30% 1

40°¢c 0,9 (operating point
shifted)

Because of the“comparatively high output resistance, high-re-
sistance instruments had been used for the above measurement
(oscillograph, vacuum tube voltmeter). For measurements with the
gelective lévsel meter (Marconi) the input resistance of the ' -
meter was of the same order of magnitude as the cutput re-
sistance of the ¢ircuit. This was very disadvantageous when
the meagﬁiing range of the Marconi instrument was changed, as
its inputf resistance depended on the range. At first, a single
stage impedance transformer was connected with the cascode stage,
amp’ification of this stage, however, proved too low for noise
measurements,

In order to avoid & deterioration of the very favorable
stability properties of this amplifier by connecting another
emplifier stage in between, amplification was increased by a
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regonance circuit which at the same time had the advantage of
atsenuating interlering signals &t neighboring frequencies already
in the preamplifier. The firal preamplifier circuit is shown in
Fig. 3.8, The input rzsi-tance of the simple emitter follower
proved too small, i.e¢., tha resonance circuit wes attenuated
too much so that a double emitter follower now forms the output
circuit of the preamplifier. The resonance circuit L3 was
dimensioned according to optimum matching of resistance. The
input resistance of the double emitter follower stage is
about 2,5 MQ so that there is a resistance formation of 1 ¢ 109
from the output of the cascode stage to the input of the emitter
follower. This requires a turn ratio on the transformer of 1 : 10 .
The inductance depended on the desired frequency regior: Secondary
2,6 H yielded a frequency variation of 2,5 « 13,5 kHz with a three-
fold variable capacitor (1500 pF - 30 pF). This inductance was
reached by means of a pot-type core without an air gap with
n, = 1000 turns. The primary number of turns thus was determined
as n, = 100, The output resistance of this circuit is now smaller
then 1kQ, mainly depending on the emitter resistance of the
last transistor,

Pable 3.6a gives the frequency behavior of the preamplifier

plus the resonance circuit.

TABLE 3.6 a

f[knz]|2,5|3| 5 |1o | 12
]
210 |225

v 230

Res

230 [ 235

In order to examine the noise behavior of the preamplifier,
a calibration field was produced with a calibration coil (area 1290 cmz,
w =10, I = 0,5 ma) at a distance of 3 m, This field mainly served

Ale - et b wr e Te bote] -~
viie purpose O
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and the selective transmission level meter., When the calibration
field was switched off, the level of atmospheric disturbances
could be measvred, i.e., the input noise of the transister could
be measured when replacing the antenna rod by a pot-type core
of equal inductance, For measuring the noise potential correctly,
an effective voltmeter would have been necessary with an
adequate time constant. This, however, was not availabl2 at the
vime of measurement,soc it was carried out with an apparatus that
is used in measurement work. The values for the nonise voltage
are values visually integrated over a certain pericd of time
on the indicating instrument of the selective transmission
level meter, Thus, however, the noise level can be estimated
but roughly, especially since the peaks which often are a
multiple of the measured noise level, are not taken into account,
Yet, this method is admissible for noise level comparisons,
since the signsl is to be measured under the same conditions
and need only be distinguished clearly from the noise level,
Tab. 3.6b shows various measured values on the noise behavior
of the preamplifiar, where
f = resonant frequency to which the preamplifier cirouit
is matched '
U = output voltage at switched-on calibration coil
UN = voltage of all noise signals with the calibration
coil being switched off
Uo = voltage at open input (ferrite antenna disconnected)
UL = ferrite antenna replaced by a pot-type core of
equal inductance (pot-type core shielded against
external radiation)

Uk = input short-circuited
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TABLE 3.6 b
E £ U& UN Uo UL UK

3 kHz [ 1,8 mv| 100 uv | < 6 uv| < 5 pv 5 uv
5 kHz | 2,2 mv| 100 <8 uv} <7 uv |{<8 v
10 kHz | 2,2 mv| TO uv | 15 uvi 15 uv | 12 wav

The given voltages refer to the output of the preamplifier,
3 the voltage at the input being calculated by dividing by the
respective amplification factor.

HER G it salhit X i I et e

For enlarging the frequency region of the preamplifier,
it is planned to connect the inductance L3 (Fig. 3.8) in se-
veral stages, with the ratio of turns of 1:10 (resistance

s o s ML S A

matching!) being preserved. Thus, the entire frequency région
of the cascode stage is to be utilized (even when an antenna
of higher frequency has to be taken into account).
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Total circuit of the antenna preamplifier

H {1

o
P R T: %242
iy lD L 2 T [l]

- S/ 2x BFY }7 2x BC109

— L7

L1 ees ferrite rod antenna FA 6.1 -length 1 m, circuit 1

2

4
6

7

>t ny
T [T Satt
1&yﬁ25v \==¢ ljgzmz A
! 704s¥/ asy
- 5 173
/f?_-_\ 3 7 4500 -
22ka 6340 30,'}: /\ 7'9

300 turns

300 "
300 " Jmmﬂ 0;58H

300 "

Lz... pot coil core transformer 5873, material 1100822, without air gap

prim 0,11 H, 10Q
sec 0,24 H, 15 Q

L3 eee pot coil core transformer 5873, material 1100 N 22, without air gap

prim 20 mH, 100 turns
sec 2 x 0,66 Hy 2 x 500 turns
L-_‘V~J

2,6 H 1000 turns

Fig. 3.8
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4. ELECTRICAL ROCK CHARACTERISTICS FROM THE FIELD STRUCTURE OF
A MAGNETIC DIPOLE IN A CONDUCTING MEDIUM

This report rev’'2ws the studies so far conducted on the
sbove subject, Besides a brief discussion of the theoretiocal
principles, wi._cl have been reported in detail before [2},
some results are given of measurements which shall be published
in the near future., A scientific revort giving detsiled ine
formation on this subjeot is now being prepared,

4.1. Introduction

Studying the propagation of electromagnetic waves through
rock, two fundamental problems arise concerning the medium.,
1) May the rock be considered as a homogeneous, isotrorpic
medium?

2) If so, now large are the mean values of conductivity and

dielectric constants?

In order to answer these two questions, propagation measure-
ments will have to be studied, since in the first probleﬁ only
homogenaity with respect to propagation of electromagnetic waves
is being discussed. The secord problem cannot be solved by
measuring 6 and & on rock samples, since
1) there exist difficulties of simulating the in situ conditions

(pressure, temperature, humidity). This has already been ,S
stated by L.A. Ames et al. [22], '
2) there is no hint as to how values decisive for propagation

might be obtained from samples even when measured undsr in situ
conditions,
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3) elegfrode. polarisation.at low frequencies disturbs the

a measurement [é](for VLF propagation processes, however, then

usually g >> WELE, 80 that the exact value °f‘£r is insigni-

ficant.)

The method of measurement used by 0O, Grdbner [?j] and

technically improved by N, Nessler [ié] was applied without
sny changes, In this method, a magnetic dipole with a horizontal
axis is - used as a transmitting antenna“which is rotated in
certain- angular positions, the magnetic field:strength components
being meabured at. the point of reception. The méthods des-
oribed by R. Hommel [17] and N. Nessler:[18] permit the de-
termination of 6 and a y but give no information on the problem
of homogeneity. In these cases it may océur for example that
some conductivity is measured which is incorrect by several
orders of magnitude, aince the conditions of measurement have
not been fulfilled, Therefore it is necessary that a method
should be applied in which each measured angular position-of
t9e transmitiing antenne is evaluated so that information is '
obtained to what extent the experiment is described by the
theory,

et Ty T e . Taa 4.2 'T.hue_n_-o ;o ’

Fo.

The following. conditicns are assumeds
1., The medium be
&) homogeneous:
b) isotropic
¢) unbounded,
A4t a time factor of exp (+iwt) it is characterized by the
complex: wave nunber ks
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k =ky = ik, =0 “ap(l - 15%) . (4.1)

§ = conductivity [@"'a™Y], w = 2xf , £ [kHz] ... frequeney

E= €,& ++0 dielectric constant [ﬁs/ﬁmj
B oeee permea.bilityﬁrs/um],
no= Ry is being assumed

2.)3.R. Wait [24],[25] showed that the influence of an air-filled
spherical cavity in which the transmitter is immersed is
negligible if

ka <<l end | ka| < 0,2.

8 ese radius of cavity

k, »+. Wwave number in air (k, = 2n/)\°)

3.) Let b be the maximum dimension of transmitting or receiving
antenna, then .
b << r (r = transmitter - receiver

distance)
and

4o) b <K<K A

The conditions of pos, 2 and 4 determine an upper frequency
limit. The size of the regiuvn considered as being homogeneous in
connection with the fact that a usgful accuracy is reached only
if kr > 0,3, give the lower frequency limit.

Under the above conditions, the expressions for the magnetic
field strengths of the magnetic dipole in spherical coordinates [26]

kT
Hr - E_}-B_F- (1 + ikr)e kr cos ,\9‘ (4.2)
2nr
I 2.2 - R .
H’va_-n 3F (l*ikr=kr)cikr 5ii A (443)

4rr




I +s¢ transmitting current

F ... area of the transmitting antenna
N e« number of turns

Ty 3§ oo spherical coordinates.,
Defining

G

| |

l -]
cr

2
e

(444)

with § = phase difference between H_ and Eg
%8 can derive formulas from (4.2) and (4.3) for G and 6

¢ =6 (x,p) (4.5)
0 = 6 (X’P) (406)
where
X = klr (407)
k
wan P = Ef (4.8)

The quantities G and § are measured, the equations (4.5) and
(4.6) are solved for x and p, the complex wave number thus being
determined. From (4.1) we obtain for 6 and E.

k.o k )

o= 2,55 » 100 22 [ohY (4.9
L

£, = 2,280 10*5——-—1f2 2 T[4 (4.20)

G and & are determined from measurements on polarization ellipses,
thus confining the distance region for the measurement. Polarization
ellipses are known to occur in the transition zone between the
quasistatic field (kr << 1) and far field (kr >> 1), hence kr

muat have the order of 1 for such measurements.
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If the frequency, distance and the angle  are known, 6 and &y
can be determined from one polarization ellipse. Cf the polarization
eliipse only the axial ratio v and q/and the angle between radius vector
and large principal axis arec required,

If the receiving device ogerates linearly, like in the case
of the ferrite rod antenuas developed by W. Bitterlich {}6], the
receiving antenna need not be calibrated for determining 6 and éT.
A calibrated receiving antennw, however, can be used for an
additional control by substituting in {(4.2) and {4.3) the value
vevained for the complex propagation constant, and comparing

the result with the field strength value measured directly.

40,3, Experiment

At the beginning of the measvrements, the device built by
N. Nessler [}61 could be used., In order to find the upper fre~
quency limit for the applicability of theory, a valve trans-
nitter of 50 w, 140 - 1000 kHz was built. A preamplifier for the
receiving device for higher frequencies was built by R, Lukavec
(see chape lo4)s Furthermore, two circular frame anteanas with
one turn were constructed, one being made as a shielded loop.,
Both have a diameter of glightly less than 1 m so that they are
easy to set up in the mine,

Measurements were made in the mine of St., Gertraudi (Tyrol)
for frequencies of 120 - 1000 kHz and transmitter-receiver
distances which usually were below 100 m,

The transmitting antenna is rotated from J= 0% to JL- 180°
in steps of 150. For each angular position of the transmitting
antenna (except for N}i 0° and 4J;- 900), the polarization
ellipses yield & G value and & 3 value.
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~In contrast to theory, experiments showed that these
values were not independent of the &ngular position of the
trangmitting antenna. Repeating the measurements, this fact
could be proved by means of variance (F) test [?f] « The method
of determining 6 and C} thus is affected by a considerable sy-
stematic error whose influence can be estimated by the scattering
of G Qalhés and § values,

In favorable cases, this error was about 25% for the ¢’ measure-
ment and about 60% for the €, measurement.

A possible cause for the field distortions was the immediate
neighborhood of the transmitter (instruments). Various trans-
mitting antennas were compared under equal conditions (place
and time of measurement, frequency), with the transmitting
device being set up differently. The F test yielded no sig-
nificant differences between the different antennas, A signi-
ficant difference however was found in the field symmetry
with respect to the line connecting transmitter and receiver.
Since a long and straight gallery is unlikely to produce such
an unsymmetry (transmitter and receiver were loc:zted in such
a gallery at visual range), there remeins only the possibility
that a geological disturbance causes a field distortion, In
fact, there exists such a disturbance near the point of re-
ception. Since there exists no theory for such cases, a clear
relation between a geological disturbance and field distortion
could not be provad.

4.4. Conclusion

It was shown that the described kind of measurements
1, permits testing of the electromagnetic homogeneity of the

region surrounding the distance transmitter - receiver,
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2, yields mean values of 6 and &

The accuracy of the 6 and &, measurement largely depends
on how far there actually exists homogeneity. The measure-~
ments showed that this assumption can be refuted, but if the field
is not too much distorted, mean values of 6 and én with a
reagsonable error can be obtained,
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5. PRELIMINARY WORK FOR MEASURING THE ELECTRICAL PRO-
PERTIES OF ORES

5.1, Complex electrical conductivity of ores at

low frequencies

5¢.1.1. Introduction

This report reviews in brief examinations of electrical
properties of ores, made recently by various German and American
authors. Current studies in this field made at Innsbruck are
based on the above studies. Within the framework of research on
the propagation of electromagnetic waves through rock it was of
interest on the one hand to give values for the electrical
rock parameters (conductivity and dielectric constant) used in
theory, and on the other hand, compare them with quantities de-
rived from values of field strength measuremen*s and field
structure examinations. Furthermore it is of great interest fox
geoelectric prospection to obtain accurate information on the
electrical properties of certain sulfide ores and their complex

dependence on various factors.

5¢le2s Conductivity and apparent dielectric constant of water-

saturated rock

0. Worz [19] at first made d-c conductivity measure-
ments on solid rock, using a Wenner electrode arrangement. The
work comprising elso drill cores was continued by H. Wobking [8]
at frequencies ranging from 30 Hz to 300 kHz, He especially studied

the influence of the pore water on the freguency dependencs of

conductivity and dielectric constant. The rock samples were cut
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»£f from drill cores in the form of thin disks and studied as a’
1058y dielectric in a plate capacitor at different degrees of
vater saturation., A capacitance bridge was used for determining
the parallel capacitance and parallel resistance from which the
apparent dielectric constant and the specific conductivity were
calculated. As expected, boti quantities were found to depend
largely on frequency. The parallel capacitance increased rapidly

5

as the frequency decreased so that values up to 10 were ob-
tained for the apparent dielectric constant &£ at frequencies of
about 30 Hz, The specific conductivity increased easily with
frequency. Thése dispersion curves were taken of all rock samples
at several degrees of saturation and thus at different absolute
water contents depending on the porosity. The results showed that
possible characteristic features of the individual kinds of rock
are superimposed almost completely by the great influence of

the water content,

The very high g values at low frequencies were explained
by the theory of space charge polarvization. It takes into account
the fact that ions providing charge transportation in the pore
liquid have to overcome a potential threchold on the metal
¢lecirodes when transferring their charge. The resulting local
accumulation of ions in front of the electrodes causes a fre-
quency~dependent space charge polarization simulating & high
dielectric constant of the rock. The assumption of space charge
volarization in the immediste electrode neighborhood originally
was developed for liquid electrolytes by Jaffe [28] « Wobking
extended the theory calculated by Friauf [?é] to the pore
water - rock system. Fcr this purpose an equivalent circuit
diggram was chosen by which it is attempted to explain the
3 2asured values by the combined effeci of a barrier on the elec-
trode -~ pore water interfacs, the pore water itself and the

contribution of dry rock.
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electrodes RG
SN M R,
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\\ SAMANAN IC

s

riboundary

layer Ry Ry
Schematic representa- equivalent cir- measured quantities
tion of & water-satu- cuit diagram
rated rock sample in a kg = rock resistivity
plate capacitor Ce = giia;izince of
CR-= barrier capacitance
RR = barriier resistivity
Cw = capacitance of pore

water

Rw = water resistivity

The frequency at which the space charge zone in front of the
electrodes is built up and breaks down in '"resonance", is
called relaxation frequency. In this region, which according
to the theory used in [8] lies below 50 Hz, the dispersion
curves of the dielectric constants should show their greatest

gradient. Because of the restriction to frequencies > 30 Hz (due

to technical reasons) the relaxation frequency in most cases
could not be clearly proved. Yet the empirically obtained law

for the conductivity of water-saturated rock

¢=B .+t

could be expleined by space charge polarization as well as the
dependence of the quantities A and B on the water content and
the geometrical shape of the pore channels, Although agreement
of the frequency curves of conductivity and psrallel capacitance
with the theoretically assumed tread usually is only quelitative,

the theory modified for the rock samples yet can give a genersal
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<vplanation of the effects that occur with the measuring
arrangement used. Certainly, the schematic division into two
independent current paths, dry rock body and pore water, is not,
admissible, since ion absorption and ion exchange between rock

and pore water ought to be taker. into account toco,

5.1¢3, The electrical bzhavior of ores

The studies commenced in 1968 in the geophysical field
of the VLF project work are meinly dedicated to the electrical
behavior of rock containing ore. Rock containing metallically
conductive ore particles besides the electrolytically conductive
pore water exhibits effects on all ore particle/pore ligquid intere
faces that correspond to electrode polarization when current
flows,., The electrolytical potential differences which exist
between ore grains and pore water already without any current,
are displaced when an external field is applied. Generally, the
changes that occur in the negative or positive areas are opposite,
the ore particles therefore appear to be polarized, Polarization
is caused by the flow of current and is therefore called '"gal~
vanically induced polarization'. It is not quite clear how the
polarization voltages occur; there exist several types having
different ceuses. Zssentially, however, they depend on the type
of pore liquid, on the ore and the local current density. The
formation and decrease c¢f polarization voltages show a certain
displacement in time with respect to the amplitude of current
density. Macroscopically, induced polarization therefore can be
ndvserved in two weys: After switching off a current impulse, there
55111 exists a residual voltage between two points of the rock,
whiich dropcs down to zero within several seconds. Its shap% can
be made visible, e.g., on an oscilloscope screen. Furthermore,

e frequency-dependent ccmplex conductivity is csasused by electro-
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chemical energy accumulation in a metallically mineralized

zone when using a-c. Because of the large time constants of electro-
chemical processes, the region of maximum dispersion is to be
expected at very low frequencies,

According to the two types of induced polarization,
various quantities are calculated for characterizing rock that
contains metals. When using d-¢ impulses, the decreasing residual
voltage is measured at certain moments in the current breaks, and
compared with the volitage applied externally. The ratio is then
given in mv/%olt or in mvs sec/%olt, when integrating the drop
voltage over a long period of time. The effective interfacial
capacitance and the mean conductivity can be determined from
the resulting time constants,

o The second possibility lies in plotting the frequency
curves of complex conductivity, with the real part and imaginary
part or onl& the phase angle being measured. The quantity of
polarization owing to metal orification is expressed by the in-
crease of conductivity in percents at a certain frequency as

compared to the d-c value. It is called "frequency effect":

%2(DC) - 2(AC)
z(DC)

frequency effect =

2(DC) = d-c resistivity

Z(AC) = a-c resistivity

For the attempt of explaining theoretically the frequency curves
of complex conductivity, schematic simplifications for the

rock must be found and the respective electrical equivalent
circdits. It is then possible to convert the values obtained
from the time trend of the polarization voltage into quantities

of the frequency behavior by means of a Fourier transformation.
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Schematic 'representation and equivalent circuit diagram according
to Madden and Marshall [32] .

' This diagram is based on the assumption that an ore sample
consains channels that may go right through and are filled with
pore liquid, others being interrupted by ore minerals, Pores
that are completely blocked up by electron conductors represent
a go-called "Warburg" impedance [35] owing to an electrochemical
o ion accumulation . Since an ior excess is compensated only by
{' diffusion, such impedances show a frequency dependence of Nf'l/z.
Rock which consists mainly of mineral grains contains mainly

5@ pore channels in which only part of the wall is formed by

; metallic minerals, Such combined current paths according to
;é Madden and Cantwell [36] show a frequency dependence of Nf”l/4°
Under certein restrictive assumptions that seem to be justified
by numerous measurements, these authors obtain the simplified

formula & "frequency effect"

: /

By ¢t74

2 frequency effect W Zm _

2 R

1 . =2 £1/4
! m

ir. which Ro is the resistance of the pure ion paths, f is the
3 measuring frequency and Zm the electrochemically caused resistance
of the blocked-up pores. In some cases, the frequency behavior

of induced polarization could be represented by means of the
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above formula down to frequencies of 0,1 Hz. An essential part
apparently is played by the ratio of the impedances of current
paths having pure ion conduction and those with a combined
ion/electron conduction, The polarization effect caused by a
certain part of volume of polarizable ore particles, thus entire-
ly depends on their grain size and geometrical distribution
within the pore volume, The insufficient consideration of this
fact by the simple model is possibly one reason why it

failed at low frequencies. Even if the model is used for ex-
plaining the time trend ¢I the induced residual voltage, con-
siderable differences are found with respect to the essumed
value, if the voltage is measurel some time after the exciting
carrent impulse (this corresponds to lower frequencies),

Collet [37] in his experiments with artificial samples found
good agreement with small ore grains and considerable deviations
in large ore grains., The used voltage, however, was so high

that the electrochemical processes. cortainly were outside the
linearity region.

Ores that show induced polarization, have about the
same behavior during impedance measurements in a measuring
capacitor as a dielectric with an extremely high dielectric
constant. Polarization effects, however, occur at fregquencies
that are much too low for normal dielectric displacement currents.
The expression "dielectric constant" therefore is slightly mis-
leading since it suggests unusual dielectric phenomena, Actu-
ally, the high values {order of magnitude of 100 uF/cm’) for
the capacitances used in the equivalent circuit diagrams are due
to the extremely low thickness of the electrochemical double

layer,
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5.1.4, Application of induced polarization in;geologica} PO~

specvion

The effect of galvanically induced polarization for
some time has been used in applied geophysics for prospecting
sulfide ores [30] ,[31], since it might permit the distinction
tetween highly conductive humid soils (dist.cbing inclusions in
pure resistivity prospection) and highly conductive ore zones.
Difficulties arise, however, by the fact that induced polari-
zation is caused mot only by éléctrobhém&cal energy:storage.’
on eleotrolyteyhetal_interfaces,but also by mechanical (stream-
ing potentials), thermal and electromagnetic storage, being
expressed also in the existence of residual voltages after
current has been switched off, Theoretical consideraticns
by D.J. Marshall ard T.,R. Madden [3%] y however, showed that in
rock only electrode polarization and membrane polarization con-
tribute ;oticeably to galvanically induced polarization. Electrode
polarization in the described way would suggest ore depositg,
whereas the socalled membrane polarization occurs always when
there are adjacent zones of mean transport numbers that are
different for cations and anions in one rock complex, Almost all
rc.Ks absorb negative iong on thelir area of contact with pore
liguid. Hence, there occurs an increased concentration of po-
sitive ions in a thin bouhdary layer. If the diameter of pore
channels has the order of magnitude of the boundary layer thick-
ness, the entire current is carried almost completely by positive
ions. Polarization effects however occur only if such selective
zones and opposite or neutiral zones alternate with each other.
These conditions can be found anywhere in nature, e.g., in loamy
sand (large pore spaces between the sand grains, small pores
in loam)., Detailed examinations of membrane polarization during
prospection for ground water were conducted by R.H. Frische et al [35]

4 4y e . P
and Vo vacquler el 2l. |54].

)
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5¢1.5., Theory of induced polarization by W. Buchheim

Complex co.ductivity of a rock sample that contains
finely distributed metallic inciusions, can be derived theoxetic-
ally by still another method. W. Buchheim [38] and I.R. Waitl}?l
were the first to describe this theory which shall now be given
in detail, Since in this thecry the influence of the grain si:ze
and the volume portion of the ore grains is clearly demonsirated,
we are going to compare ib with the results of our own current
experiments on artificial samples.

A suspension of metallically conductive spheres in an

electrolytically conductive surrounding is used as a model,

py [m) specific resistivity of

—— e — —— the spheres

e — =Gy — - p, [om] specific resistivity of the
- - - = electrolyte

-+ —— - —

:C; - - a [m] radius of the spheres

- - T r, [om®] trensition resistivity of
—_—— — —_ - - the unit area

T T C [Fm’] polarization capacitance of

the unit area
j [gm .]current density

According to Buchheim [31}, there exists the following po-
tential difference transversal to the electrolyte ~ ore sphere
interface if the current density is sufficiently small:

A7

v(t) = Vot roj(t) + El' fj(t')-N(t-—t')dt'

p

-0

where VO is the potential difference between the metal and the
electrolyte which exists always even without current flow. (Nernst).
The term roj(t) stands for the "resistance polarization", being a

purely ohmic voltage drop owing to the poorly conductive boundary
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lzyer (oxide film, discharge inhibition) at the ore grain surface.
The integral term contains all the other kinds of polarization

sach as concentration polarization, activation polarization etc,

T

Mt

acsaay KSR

alidan A AR N

in & phenomenological manner. The residual induction factor
N(t-t') describes the fact that after a current impulse, the
polarization voltage gradually decreases to zero, i.e., that
& charge element j dt has less influence the further back it
1ies, Its accurate time function is not known in detail, it
however depends on the number and kind of reactions that take

place in the electrocherical boundary layer. Mathematically, it
nmust have the following properties:

N(0) = 1 a5 lim N(<) = 0 bet! = 1
aT T p00

Esperiments by I. Schrage [39] showed only that the residuel

induction cannot be described by the simple formulation of

N(t) = const. e"?"r

A more general form would be

1 1 ~-AiT
3; N(x) =Z T e i

1
: Dy

where the quantities Cp. end Ai represent the capacitances and
i

drop constants characteristic of the individual types of
polarization.

FProm the boundary conditions, steadiness of the normal

cemponents of the current and potential drop, Buchheim [38]

calculated the electric moment "which such a’

polarized sphere assumes in a sinusoidal alternating field
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f N(t)e*tat
Q
o - (91 te t aC )
m = a3E elmt = 2
. iN(t) Ptgy
o .
Pa + 2(9i + 1?'* aC )

If we compare it with the electric moment of a non-polarizable
sphere,

9 .
o = a3E0 int Ja - 21
Pa T <83

the galvanically polarized sphere can be attributed the

effective, complex, specific internel resistance

©o

J’ N(t)e iwty

» (o] [o)
P =03+t aC_ .

According to Maxwell's considerations [4}] the effective mean
specific resistivity 9 of a suspension that consists of n /cm
polarizable spheres, is obtained by putting the electric moment
of an assumed sphere cut out of a suspension equal to a homo-
geneous sphere of the same size which has exactly the desired
specific resistivity §. It must, however, be taken into con-
sideration that the individual dipoles affect each other when
the volume portion of the ore particle increases. Then not the

outer field Eo acts upon each sphere, but the field

*
Pa = P4
E=E +48p.-g + 48 %022 1 ¢
o] 3 o 3 & Pq t 29§
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Eo
E =
%
1l - %g n*a3 22—:—2i;
ea + 291

owing to polarization of the neighboring spheres., The mean,
eifective, specific resistivity of the suspension is thus ob-

teined from the dipole moment

»
4nA3 x 3 Pa i
50 e
M _ Po * 294 B ol0t _ 43, 9& " 9 B oiwt
suspension % o° = + QP
L _4m 3 P " P
- 3 a
9a * 295
with p.(1 = 2v) + pl(2 + 2v)
9 fa Pa (L +v) + 9*(2 -v)
3

where v = 4——— (volume of ore particles per cm3) The latter
formula acco*dlng to the described theory holds for the model
¢i’ a rock whose pore space contains an electrolyte with the
specific resistivity P and in which metallically conductive
ore particles are regularly distributed. In natural ore, the
particles hardly ever occur in spherical shape. R. Rosler [Ai]
therefore extended Buchheim's theory to rotation elliptic
grains by developing the polarization potentials by the harmonic
functions of the elongated, split-off rotation ellipsoid. In
the limiting case, needle shaped end disk-like grains are

also comprised, Rosler found out that for each shape and
crisntation of ore particlies with respect to the outer field,
an eqguivalent suspension of spheres can be given which has the
same mean specific resistivity as the -~uspension of rotation

elliptic particles,
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5.1.,6, Experiments on artificial ore samples

Naturaliy, the assumption of a suspension of polarizable
particles in an electrolyte,on which theory is based, repre-
sents only a partial approximation to natural impregnation oxres;
but as experiments by W. Anders [ﬁoj showed, at leact some
effects of induced polarization can be made understood. In
order to be able to interpret results of measurements made
on natural ore samples, e.g., drill cores or field measurements,
it is necessary to check the validity region of the model
assumption on naturel samples, For this purpose, artificial
samples must be used, since here parameters such as:

specifis resistivity of the pore ligquid

pore volume

portion of ore volume

grain size of ore and gangue minerals
can be changed in a defined way. Thus, the values for T, Cp
and N(t) can be obtained and statements can be made on the
grain size and portion of volume of unkncwn samples. The rock
model used by W. Anders [AQ] , & liquid mixture of sand, sul-
furic acid and galena grains satisfied the model assumption
fairly well, but does not coincide with the geometry of natural
rock, We shall therefore examine artificial ore samples that
permit variation of parameters occurring in theory, but are
much closer to natural ore-containing rock. Samples that meet
these requirements, are made of concrete, dolomite or quartz
sand and ore grains of varying size. The resulting solid
rock structure has an accurately defined porosity containing
ore particles of known grain size in various portions of
volume, The porosity and thus the ratio between electrolytic
current paths and metallic conductors is affected by the
choice of the water-cdement factor and the size of sand grains.

The ore we chose first was copper pyrite CuFeSz, since there
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exist plenty of natural samples of this ore, with which the
artificial samples can be compared. At the same time, various
a~c conductivity measurements are made in drill holes by me-
thods that shall be used in the copper mine of Mitterberg,
Salzburg. Further experiments are scheduled for samples con-
tainirg galena PbS, and zinc blende ZnS.

The time constant of the electrochemical processes on
thie phase boundaries of water and ore lie partly in the oxrder
of seconds. Hence, impedance measurements shall be made at
frequencies of down to 0,01 Hz. For the frequency range of
30 Hz - 300 kHz, an impedance bridge (General Radio) is
available whose measuring range had to be extended up to
10 mhos by & conductance decade, because of the high ore
conductivitv., Frequencies < 30 Hz require the construction
of a new bridge arrangement permitting the measurement of
impedances with real parts of up to 10 mhos ead imaginary
parts of up to 1000 uF at frequencies ranging from 0,01 Hz
to 1 kHz, The artificial ore samples of the above-mentioned
cemposition are made in the form of thin disks and are then
studied in the measuvring capacitor described in [}9] o The
frequency behavior of liquids used for filling up the pore
space, is determined in a specially constructed measuring cell
that permits a continuous change of electrode spacing and
the use of various electrode materials,

At present, the number of measurements is too small
as to justify the report on details of.the experiments and

their results at this moment.




5.2. Construction of an electrode

When determining the electrical conductiviiy ¢f rock in
drill holes, certain difficulties of contacting arose which
required the observation of various conditions. The contact ares
on the wall of the drill hole should be as small as possible so
that a high specific pressure per unit area is aittained wuich
makes it possible that pollutions on the surface to be con-
tacted can be pushed through as the device with the electrodes
advances. The pressure per unit area must be variable so
that the probe can be advanced also at places where the sur-
face is very rough and where the wall of the drill hole is
broken out. or has small cavities, In order to obtain a ds--
finite point of contact, only the part used for contacting mey
have voltage, all other parits of the mecharism must be insulated,
For the case of a possible failure of power for the required
pressure, the piobe must assume automatically its minimum
diameter so that it can be saved., It must be constructed so
that it does not catch on wall protrusions or get stuck on
the way. Neturally, the probe must have a certain mechanical
strength, being unaffected by humidity, pollution and rough
handling.

In order to meet these requirements it is recommended
that compressed air should be used for operating the probe. Ii
is available in almost any mine, dosage is easy, and being
fed through a sufficiently dimensioned hose, it may be simul-
taneously used for moving the probe. Experience we gathered
during measurements with various test probes in Bleiberg, Kérnten
in fall 1967, was utilized for developing and desigring a
new device last summer, In this device, all mobile parts except
for the electrodes are inside metal cylinders., The diameter

of the instrument was reduced to a minimum as to permit measure-
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rents also in drill holes oi smail size,

On the whole, *he probe consists of itwe cylinders that
«an ve moved on a supporting hHube., Between their front surfaces
inat face each other, there are six flat bands mounted

symmetrically and parallel o the longi%tudinal axis, If the

Panits o dis 02

cylinders approach each other, the flat bands bend outwardly,
sentacting the wall of the drill hole,
Fig. 5.1 shows a section through such & cylinder, A

Lrass tube -B~ 35 mm in diameter and with a wall thickness of

il

: 2 mm is firmly connected with the front end pice -F-~ and the
: rear end pice -H-, Piston -K- is mounted firmly on the

supporting tube, being sealed off with a leather sleeve -L 1~

Lad-aial

T

which is held and centered by a brass ring -C-. The parts G, H
and X are made of insulating plastic. Compressed air can

ve filled into the space between the piston -K- and the

f front end pice -F~ through holes in the supporting tube, thus

; moving the cylinder toward the front end piece. Current supply
l also goes through this tube with an insulated cable ~-D- which
enters the cylinder space through one of the air nholes, con-
tacting one of the longitudinai screws, These screws hold the
hexagonal band electrode carrier -G- {made of brass) on part -F-,
vressing at the same time the seaiing sleeve -L 2~ against the
i supporting tube by means of a ring -E~. The rear end pice -H-

‘ runs on & cylinder -I- which is mounted adjustably on the
supporting tube, having a disk -J- on its inner front face by
wirich part -H- is stopped during the working stroke. The bridge
9 -A- connected with -I- runs in a groove cut into Bl 50 thet
the cylinder cannot te twisted with respect to the supporting

tube. The six spring plaiss -M- which are used for contacting,

LAk

are seorewed on the carrier -G- and can easily be exchanged.

leside the spring plates there lies a compression spiral spring

Lo € i

which brings the c¢ylinders tack into their originel position
when there is nc compressed air pressure. A distance piece in

ithe middle between the two cylinders stops the sprirg plates from

T

ARGk R it
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bending inward.

There are threads on either side of the supporting tube.
On one side a connecting piece can be put on by which the
electric cables are tightly guided into the tube and which
carries a connection for the compressed air tube., The other
side oan either be sealed with a cap nut or another such probe
system can bé .connected, thus forming a second contacting
plane. The cable for the second system up to the inlet piece
runs also inside the supporting *Hube. The distance between

the two probes can be varied by intermediate tubes of adequate
length.
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6. FIELD STRENGTH RECORDINGS

The field strengths of NAA and GBR were recorded con-
tinuously above ground at the Aldrans stetion near Innsbruck
and below ground with interruptions in the mine of GroBkogl,
end of Siidostschlag, The recordings on a multiicclor dotted line
gtrip chart recorder so far have been made in linear amplitude
scale, An evaluation is very time conauming especially when
mean values are to be taken over large periods of time and when
comparing various recordé. It is practically impossible to
study the collected material with the desired thoroughness, for
example with respect to seasonal or climatic influences by means
of statistical methods. Preparations have therefore been made
to proceed to logarithmic representation.

An estimation of the existing records showed that 2
span of about 30 4B f.s. would be the most suitable compromise
between resolution and necessary range reserve., For this com-
paratively small range it proved favorable not to utilize the
usually applied logarithmic relation between reverse current and
voltage of a pn-junction as a logarithmic element, but to use
selected diodes in the forward direction, However, the relation
between forward current and forward voltage is strictly lo-
garithmic only in a much smaller range, namely nc more than
40 - 50 4B as compared to an exactly logarithmic region of up,
to 100 dB with special logarithmic diodes in off-direction. The
useful on range lies at currents of about 10-4 to 10"2 a, thus
being highly favorable for use in transistorized circuits. This
is especially true with respect to the impairing climatic
conditions under which the instruments operate at times.

Here, instead of the temperature dependence of the reverse
current, on the whole we have that of the forward voltage, i.e.,

practically that of diffusion voltage of the junction, The
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which is much less subject to exemplary variations, changes
practically linear with temperature in the temperature range
of interest, yielding much simpler possibilities of temperature
compensated circuits. The developed circuit despite its sitriking
simplicity has a conformity and constancy that is higher than
fractions of a 4B, There exists an unavoidable deviation from
linear response in the existing dotted line strip chart re-
corders because of the tangent errors, as well as in continuous
line recorders despite the elliptic pen guide system. As this
deviation is noticeable especially when comparing continous
line and dotted line recorders, an improvement of the circuilt
properties would not be highly edrsntageous. However, in the
medium recording range, the acuracy of direct comparison
is still better than 1 dB, even when comparing the records of
various recorders,

The hitherto used method of amnplitude measurement
of keyed signals by means of peak rectification and carefully
tested rise time and fall time constants shows a satisfactory
amplitude response when keying is changed (especially A1 - Fl)o
When comparisons at the same geographical location are made,
it also shows an apparently sufficient independence of various
noise levels, A detailed examination, however, showed that
there occur insdmissible deviations when there are differences
in the signal-to-noise ratio which is the case especially when
records above ground and below ground are made and compared.
Intensive studies for improvement have therefore been made,
The obtained solution shall be published in the near future in
a separate Scientific Report. It brings a considerable improve-
ment especially when the noise shows high peaks frequently
caused by atmospherics and by nearby man made interference,
It is based on the following principle: The signal is being
rectified in a peak rectifier whose rise time is snort enough
as to reach full charge within the time pericd of one Morse dot,
The fall time has been chosen so that the breaks between the

dots are bridged without great voltage drops. The volitage on
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the charging capacitor is then at least as high as the peak
vcltage of the signal, It is superimposed by speradic peaks of
the noise which have different abundance and amplitude. Another
inversely poled diode which is connected via an impedance trans-
former, scans the voltage mirimum of the peak rectifiér., which
corresponds to the signal voltage and is independent of
the number and height of noise pulses. The time constant of the
second rectifier may be a multiple of that of the signal
rectifier and c¢an be chosen ati optimum for the used recordexr ,
The used ferrite antennas were made even less sensiti.e
to0 nearby interference by caréful balencing, especially with the
use of bifilar windings. A separate examination on the attainable
basic limiting sensitivity of magnetic pick-ups connected to
different emplifiers was made and will be described in a Scienti-
{fic Report. The result permits the following conclusions: for
measuring the field strength of our own or of alien transmitters,
the field strength of the.expecced noise above ground is elwsys
(and below ground almost always) so high that it induces a
voltage that lies far above the noise of a carefully constructed
input stage. If, however, the noise field intensity itself is %o
be studied, it will be necessary to utilize the limiting sensitivity
58 much as possible, Based on available active components for the
input stage and ferrite rods for the antenna, we get clear
conditions for optimizing the antenna winding and the transformer,
Since the distinct directivity of the ferrite rod antenna has a
disturbing effect on some experiments, the suitability of a
short electric dipcle was studied with respect %o the noise.
Surprisingly encughi, its theoretical limiting sensitivity is
almost two powers of ten better, proceeding again from materializable
techniques., In practical use, however, it cannot be utilized,
since there are too many .marmmésé;.’ interferences in the near

region at VLF wavelengths whiuh at the point of reception are
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received mainly in the form of electric noise field strengths.
The equivalence vetween magnetic field strength and electric
field strength in wave propagaticia described by the characte-
ristic impedance of the vacuum {or air) holds only for remote
sources, i.e., for an almost plane wave and propagation through
air,

Por measuring the Tield strength and field direction
of the incident waves from remote source, depending on the point
below ground, a fully transistorized portable receiver was buili
which® is equipped with a single-track line recorder and all
necessary devices such as BFO and calibration generator. It s&liso
permits to make an exact time comparison of fi.ld strength

fluctuations against records from an above ground station,
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7. WHAT HAPPENED IN 1968 ?

This is to give a brief chronological review of
events and work of the project year of 1968 not included in the
scien¥ific part of the vresent report,

At the end of February, Mr. Norbert Ne s sl er
got his doctor's degree (Ph.D.). The subject of his thesis
was "The pr-pagation of long electromagnetic waves through

hemogeneous and inhomogeneous solids",

In the middle of March, Dr, Wolfram Bi t t e r 1 i ¢ h,
hezd of the VLF project, made his habilitation in the field of
elecivronics. Besides a number of related studies, his habili-
tation work entitled "Propagation of VLF ﬁaves through the
interior of the Earth" was published in Acta Physica Aus*riaca

(26, 1967).

Mr. Black.smith (APCRL) who visited us in the middle of

March for discussing the projezst work, during an excursion into
the mine of GroBkogl, was able to check the progress of our studies.

On the occasion of & visit to Siemens Halske in
Munich by our cc-workers Dre N. Nessler ,W. Kellner
and Re Lu k a v e ¢ . & special crder was given to have spe-
cigl ferrite cores made for transmitter output stages in the
LF-region. They were delivered completely free of charge,

R. Lukavec together with Te E1 s t e r gave
an interim report about the work on helical antennas in
vcientific Report Nr. 6, "Some Properties of Helical Antennas
at Low Frequencies",

In Scientific Report Nr. 7 Dr. N, Nessler re-
vcrled on a chapter ¢f his thesis: "Measurement of the conductiviiy
and dielectric constant by means of wave propagation". For test
drilling for geoelectrical examination, comprehensive prepara-~

ti.ns had to be made as tc adapt the geological desires to the
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technical possibilities. For meeting the great demand fox
compressed air of the drilling machine, the mine comprassor
was used and in addition, an electrical compressor for 6 my/hin
at 6 atm plus air vessel had to be transported into the mine
where it was connected. This device was lent by Messrs, Innerebner
u., Mayer., The above devices were supplemented by & compressor
(Diesel) borrowed from Jenbacher Werke.

The drill work was performed by a team of the copper
mine of Mitterberg (Salzburg) (core drilling 47 mm ¥ outside
and 28 nm core ¢). During the two weeks of drilling, our team
members Te E1 s t er and Chre Gr i 8 s emann were of
great technical help. The cable from the transformer to the
electric compressor (40 kw motor!) for example proved too wesk
and had to be reinforced ( 4 » 25 mm’°, 300 m long, borrowed from
TINAG) or , another example, the thick-walled plastic hoses used
for compressed air withstood a pressure of 6 atm. only at low
temperatures so that a large radiator had to be built in.

Despite the numerous difficulties, a total of 76 m core
drilling of 47 mm ¢ was attained,

Dre R, Steinmeuwrer , Univ., Prof.and head
of the Physics Institute, and Dro J . Kol b, Univ. Prof.
(second department of experimental physics) visited us during the
drilling period in the mine of GroBkogl and at the same time had
&8 100k at the new transmitter, above all the new underwater antenra,

For conducting measurements in the drill holes,
Chr Grissemann andT. E1l s t er designed and
constructed special probes, the technical construction and me-
chanical work being made by Mr. E 1 s t e r.

During the period of report, Dr. N, Nessler
started agein studies with the large transmitting antenna SA 9.
The antenna, size 40 x 40 m, had teen built in 1964 and had not
been changed since then, Careful repair work was therefore
necessary. 1ne insulators had to be cleaned, some of them re-

placed. This work was very hard, especially in the vertical shafts,
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The use of new high quality capacitors for tuning to resonance

Bk ol

resulted in a flash-over at the humid insulators, thus causing
failures and time consuming repair work,

At the same time, high-stability low-noise antenna pre-
amplifiers were developed, A detailed report on this subject
and on the propagation measurcrements is given in the scientifioc
part of the present repoxrt,

On 30 July, Mr, L.N. Mo lnar and Mr, R, W,
3 Strick1and came to Innsbruck (EOAR, American Embassy
Brussels) for discussing various project problems, and they also
had a look on our work in the mine, Mr, J. P. Wilke
visited us on 1 October;

In the middle of September, W, K el lner and
Re Lukavec attended the 1968 IEEE International Antennas
and Propagation Symposium and 1968 Fall-UR3I Meeting in Boston

where they reported on their work. W, K e 1l 1 ner gave a

ancaa e e

report on "Electric rock characteristics from the field structure
of 2 magnetic dipole immersed in a conducting medium" and R.

Lukavev on "Measured properties of small self-resonent

: helical antennas for application in a dissipative medium",
3 At the USTERR. PHYSIKERTAGUNG (Austrian Symposium on
E: Physics) in Graz at the end of September, Dro N, Nessler

F gave a report on "The measurement of dielectric constants and

conductivity on solid rock by means of wave propagation."

At the beginning of October, Dro Nes s l er
and T El s t er took down an inventory record of all
project property (instruments, components, etc.).

In an interview by the Austrian Radio (8 1), end of
October, Dr. N e s 8 1 er was given the opportunity to
report on the project work in the series "The resesrch work of
our Universities",’

Dr. N Nessgler ,W Gradl,W Kellner
and Re L ukavec visited the electronic exhibition in

Munich, beginning of November, where they gathered information
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on the most recent achievements in electronics,

In Scientific Report Nr, 8, R, Luk a ve ¢ re-
ported on the most recent results of his work with the heliecal
antenﬁa, under the title of "Measured properties of small self-
resonant helical antennas for application in dissipative media,”

H., Wo6bking handed in his thesis on "The fre-
quency response of the dielectric constant and the electric
conductivity of rock and on the importance of the electric rock
parameters for determining rock fabric quantities". We congratulate
him to his successful exams. He is now working for the
Montanwerk Brixlegg, but will still be available also for
project work.

T Bls ter left the project team for professional

reasong on 15 October 1968, We thank him for his assistance,
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CONCLUSIONS,
RECOMMANDATIONS

The studies on helical antennas show relations bhet-
ween the geometrical dimensions and electric properties,

Various methods of measuring rock parameters and
radiation characteristics of frame antennas contribute to a
better understanding of the propagation mechanism of VLF and
LF waves, giving clues for the continuation of theoretical cal-
culations,

Artificial orifications yield :clear conditions of
measurement for the geoelectrical studies on samples and
bore hoies planned for the near future, Mszsurements over
large distances are informative despite the considerable
technical difficulties, offering a large field for attenuation
and polarization studies,

Continuous records of remote VLF transmitters (GBR,
NAA etc.) supplement our field of work comerising near field
meesurement and global radio communication.

In continunation of this program, tiizoretical and

experimental examinations are scheduled on small helical antennas

and frame antennas; far field measurements are also to be

extended,
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