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Sumasry - : -

A theoretical and practical investigation of the pro- :
pagation of electromagnetic waves of very low frequency
in conducting rock was carried out under considerstion i
of & ;ﬁt, and 9¢. In the course of these investigations
it appreared that the decrease of the magnetic field -
strength strongly depends on the conductivity 9¢ of the
rock. The experimental results were largely corroborated
by theoretical calculations. The parsmeters § nnd/u have

{ either been taken from tables or have been determined by

! sample measurements. As the msjority of measurements

i was oonducted in mine galleries it waes necessary to deve-

i - lop special instruments for this purpose.
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Introd uvc tion

Under contract with the United States aovernmenf
= work on the VLF research project was started in December

S *”1960- The~investigat*ons were directed towards a study

of the propagation of extremely long electromagnetic
waves in solid and liquid media, the Irequencies to be
,used being in the range from a few cycles to below 100 ke.

As the scope of this program is rather wide, the target .

© for the first year was limited to the study of the propa- o
gation of a comparatively narrow low«frequency band in '
solide. In oxder to reglize this project it became
necessary from the outset to crganize two collaborator
groups: oue grbup,dealing with the mathematics and
theoretical physics involved in the problem and another
team engaging in the experimental and electronic work.
The experimental team had as its objective the develop-
ment and construction of the neceseary apparatus, as
transmitting and receiving equipment, special antennas
etc. Thise teaﬁ wae also designated to measure the field
strength of low freguency electromagnetic fields in rock.
‘Theeé measurements viere conducted in mine workings in the
vicinity of lnnsbruck. Apart from this, it was required to
develop and construct opecial equipment for measuring the
electric data of mountain~building rock. The aim of the
theoretical team was the mathematical elaboration of
entenna problems of a fundamental nature. It was, for
instance, of interest to determine whether electric or
nagnetic dipoles would yield better resultes in a con- J
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ducting medium. Tﬁ;e_progrnn was extended by cilcula-
tions on the propagation of magnetic fields in conducting
rock under ocrecisl conoidoration,qxter./a , and ¢,

>JﬂIn the present annuql report are laid down the results

obtained by both groups. Compared with the wide soope
of the entire program this report is necesczarily only
of an initiatory neature; meny prodless remain ss yet to
be edlved.

On this occasion I would like to express my gratitude
and that of my collaborators for the generous financiel
support extended by the American suthorities to this
scientific research program. It was only owing to this
help that it was feasibdle to initiate this wide range
project which requires large material expenditures.

I am also deeply indebted to Univ. Prof. Dr. Stein-
meyrer for giving his permission to conduct part of
the work within the Institute of Physits of the Inns-
bruck University.

I em also grateful to Univ. Prof. Dr. Gribner and Univ.
Prof. Dr. Cup for their valuadble colleboration. I also
wish to acknowledge the generous openmindednesc of Direc-
tor Dipl. Ing. G. Kettnor of the "Nontanverke", Brixlegg,
who granted permicsion to work in the mines of Schwas
and §t. Gertraudi ¢nd also supported it. I am also
thankful to the %orks Man.gers Dipl. Ing. ‘Klaker end
Sohwars for their -sctive help in the underground work.

I would slso like to thank e8]l my collaborators for their

uncou.in; and uucccuotnl ootontiflc work dur1n¢ this yalr.
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Persons engaged in yq:k on the VLP Project:
h ‘ Project Supervi~or and Contractor:s Dr. W. Bitterlich.

Experimentsl team:
" 0, Gribner, graduate student
W. Gradl, technical ssasistant
. 0. WBrz, laboratory essistent
7. Elster, laboratory sscistant

Theoreticsl team: ,
~ Dulv. Prof. Dr. GrSbner (Mathematios)
Univ. Prof. Dr. Cap (Theoretical Physiocs)
Dr. R. Hommel -
H. Oberhamzer, graluate student
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51, Mmoh e 'o‘ re 1; ical | Foundati ones
of the Propaegatl o n o1t
VLF W a ves v

- Investigation of the propegation of electromagnetic
waves of extremely large wavelength (VLF) in con-
ducting medis.

P . In the sequel it is endeavoured o study the behavior

| of the magnetic field in a medium characterized by

- _.__  the cohductivity 3¢, the dielectric constant &, and
the permeability 4 as described by the complete set
of MAXWELL's equations. First of sll it is assumed
that the three material parameters be coneidered
conetant, e. g., that they are independent of the
freqhency. This implies a certain eimplification
as régarda the quantities £ and X , as these usually
exhibit a frequency dependence varying greatly from
one substance to another, as will be shown later. Thise
dependencgucgp_be demonstrated taking ice as an exam-

AR g S
"
v

ple: — .
b Prequency omn~t.m™’
260 ke 2.08 40.1o°r
4.6 ¢ 153 1.1074

S ' As the experimentsl investigations were limited to
8 relatively nsrrow frequency band, the above sssump-
tion is reasonadbly justified.

N
e
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IAXH‘LL': equationl are written down aa follows:

ourd s&f,ls + xf 3.0 ddv o= o0

ourl T = w,u,u.ﬁ i div § = 0

As has heen explained adbove, € , /a y and 4¢ are
sssumed constant. By elimination of E the rollowing
- equation resulte:

~ v’ - ceupmel round (2

R | 7.030% here follows - o
! ‘72 X + kQX‘-.o . (3)
© where i = &6 Mt 0%(1 - £ &w)

k is a complex quantity of the form k = k1‘ + ik,.
I¢ 1is found to be

Kyy2 = @ yffoﬂﬂo[w’f *W *(Zgﬁ){ lﬁé ’f*ﬁ‘@ﬂ

In order to be in a position to solve equation (3)

in the usual manner and to match our line of progress
to the special prodlem at hand, spherical coordinates
are introduced in the folliowing:

X = r.cosq. ainﬂ' 0 &r < o
y = rosing. .ein ¥ 0<% @& 27T
£ = r.cos ¢ 0& NN

The components of H remain unchanged: Hy Hy, and ‘Hz.

If the Laplace operator is written in spherical coor-
dinates and then introduced in equation (3), it
assumes the fornm

tha mﬂ' ‘#w Lk #‘fd‘#“}*ﬂ!}k (5)

Equation (5) is now solved by the usual method of

- geparsting the varisbdles: X =R(r). Y(f ,/0) S

e



| As is generally known, Ahereby two oquatlona are obtmi-
"j ned, the first of vhich donndo only on T end the iocond
"*‘f!if“"""“’”‘mty on ¢ and (\9' ' S R :

(s)-kﬂo%i's(g’-!.(fzt_ﬁ)i -0 |
- ‘ -> g (6)
1 ‘ P ¥ . ,
(b)s m?” + W + 0053(0‘ Y +naln+1)Y 0

where n(n + 1) is the separation constant.

. Bquation (6b) possessso solutions only for n= 0, 1, 2,....
L They are fcund to be the spherical harmonmios Y (ff /9‘).
| " which oan be Tepresented as folio

w
Yn(‘f?lo") —%ﬁ P (co-&) + £ nr(cosﬂ‘)[«. . cds/‘?

.*‘ A toru'o.]. 2'¢0|00

: on ¢ and A% can be ignored, because the magnetic field
» | strength hae ite largest value in the direction of the
' dipole axis, whioh circumstance is generslly known. This
special direction wae observed in all measurements so
_that only the dependence upon r need be investigated in
- the measurgments. It is described by eqaation (6a).

| The further treatment of (6s) is rendered feasible by the
i ... _substitution x = kr and R = x! 2y. by which (6a) i
| traneformed into BESSEL'n, differential equation
(a + %)
- y'o-i-,y't(""—;z-z-)ilo

- This equation has for solutions the BESSEL functions with
half~-integrsl index K

;

+ ;~—»‘3,"~1n‘1"‘f] | : (1)

. In the course of the further investigations the dependence R
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\The donlrnd tunotion R can now be aeaombled as follows

)n cj.sinx +.02.c98§

Ry » 2 /2 0x) « B2

xax x

By converting it back to the variable r one obtains

R (r) . r“(mgwdn ’+ikr i

The field of a dipole ie described with sufficient accurscy
by the iornlaf order 2 in the series expansion

a2<r)~c LR 1 N 29

i vhere k is the complex Quantity as specified above.

Pm& an evaiuution df therinaividuéi terns it is necessary
to make the colutlon real. By sebting k = ky + ik, one
~obtaing by ntraightforwrad calculation the real solutlon

o of {6a)

) gv‘(zr 2 2 3k2 3
R(r) = C‘*'“;-" (k1 - k2 - ';2') sin( (%t - to) +

o = (8)
4 k,r) -‘(2k1k2 + '?l) cos { (t - to) + k1r)

This eblutiqn ¢an be matched to our special problem by a

suitable cholee of the integration constants C and t,.

Relation (8) presents a solution of the present problem
insofar ee it 10 correlated to the measurements conducted
to dﬂt‘ ‘

For the sake of completeness the solution of equation
(2), the utarting point ot our 1nvoatigation. is given

5910'1 e e e

- ’



:Howovur, e thc raceiver was designed to detect only
the modulus of H. the tollowing ealculatione proceed

" “from the cqu.tion T

F a0 ’-:-9—%[&2 - k.z 2!')2 + (2k k2 )2 (9)

In the evaluation of the expresaion (4) the follcwing
numerical data were used: :

- 1. -6 Vsecl - | =’ﬁ B
Ao 1.236.10 [l M=
6b - 10 rAeec
e WL e
0 =210t

For 8> 8, 10”é-and in virtue of the values of the other
constante

énd hence k can be evaluated as follows:

SR 7 e

The quantity . wae used as a parameter in the subsequent

g

calculations because it is just this quantity which experien- Mm;

ces the most remarkabdble variations The conductivities
characterictic of the rock types encountered in this investi-
gations varied from 10”4 to 10™? [ohm'1m'1].

Inlligp 1 the curves are illustrated that have been obtai-
ned for ¥, = 107, ¥, = 1074, %, = 5.107, ana ae4 = 107,

Formula (9) can be simplified if the magnitude of ¥ is
taken into account. Assuming 2 =10 3[ohm m 1] the
relstion

" IBl = ¢* !-ﬁ 2k - T

holda from @ dtutunoo of 20 m witk sufficient acouracy.
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1,2 Der ivation o g the Poynting
Vector of ani: Electric and
Magnet ie D1 PO 1 e . -

For extremely long electromagnetic waves the antenna forms

that are practically realizahle are descridbed with suffi-
cient accuracy by the equations of the elementary Hertzian
dipole which, in,dependence on the antenna current. read
as rolloweq ;

Electric dipole: ¥
2 J al , 1 . ik* ik
=g o ( 25-) cos e

1 J.dl 1 ik' k* -ik*r
E&s—?g;rr—'( -;2—-»—;.7')8111/3’.6

H‘f""; .J.drl (< + LK lk 1K'y ginfr.e” -ik*r
' T

JF
Hy = "ﬂj‘t (=% + 1£5) coaeTtE
0 r
J¥ 2
Bt Lo o D et

A‘.‘%.‘;f‘_if’_(_,‘, + 155 ain/\g‘ -ik*r !

Abandoning the posaibility of increasing the antenns
length d1 or the antenna croes section F, the field
strength realizable for & given frequency and distance
is uniquely a function of the antenna ocurrent J which is,
however, limited ‘
(8) in the electric dipole: by the capacity attached
at the end of the dipole and the antenns voltago.

[
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viewooint - the magnetic-tyve antenna is more fesvoreble than -
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—{h) in the magnetic dapole: by the conductar losses
in the frame and the transmitter power.

Moreover, the decision, what kind of dipile wadiation == - ===

ie to be used with very long waves, depends on
{1) the radiation conditions in the vacuum
(2) the propagation conditxana in the conducting medium
(3) which 11mitat1ona, inherent to the apparatus and
mentioned in item (a) and (b), cen most easily be
overcome,

(1) Radiation ‘conditions in the vacuum:

It is known that the frecuency characteristic of the
radiation resistance of a magmetic dipole does not favor
the emission of long wsvesuyﬂowever. in this investigation
stress was laid primerily on a maximum output of eléctrié’
energy and not on @ high entenns efficiency. From this

the capacitive divole, because it permits the generation
of hisher field strengths, alihough at a lower efficiency.

If the electric field sirength of a capacitive divpole
with a length of 8 m, having & distributed capzcity of
100 of is-caleunlated in a direction perpendiculer te the
dipole axis at & distance of 10 km, it s2tteins the
following value, the antenne voltage being 1000 V and the
freouency 10 000 c:

Ep} <

. ' 4
8 1 10»1( 1 27 104
8.86.10

T§+1 8 t: R

-12 4% 10%.3.10

)~ 2,58, 1078 [vm]

;
j
ol

i e




 Under otherwise equal conditions, & mugnetic dipole
‘a5 has been used in the tieasurement: (cross section
0.8 m2 condiactor reeistance (0.8 .ohm, 40, turne) opera-

ted at a power level of 80 watts sup*liea a field

strength ‘ ,
, ) 4 n vy
1.25.10"°.10.40. ,2JT.10° 1 2 .10°

Eg » —= ( + i- . )
Y L T f R Y 107.10°

~5:6.10°8 [V/u]

It proceedsa from these values that it is more easily

realizable to prodiuce appreciable field strengthe by
means of a wagnetic dipole than by an electric one, in

epite of the low efliciency of the former.

(2) Propagation conditions for the energy flux in a co
- queting nedium:

n-.

As the experimental investlyatlonz were conducted under-

ground, the conductivity of the suxrounding rock had t

0 be

taken into account. PFor the sake of simplicity, the prac-

tical arrangement is simplified in the theoretical tre
ment: it was ascuzed that an empty sphere with radius

(Ef= 1, s 0) is embedded in a uniform conducting 1a

rial the dipole ie located at the center of the spher
If both the electric en¢ magnetic dlpole are taken to
radiate without loss, so that the power suvplied to th

is completely trensformed into radiation energy and if

electric and magnetic ¢ipole are supplied with N watts
have on the surface of the sphere (r=r)) E§é = ?fh.
is
Re Ep'ﬂ? = Re E?'ﬁ,sw
m
R Delle . == Re 2n%m k*(k* - k*)

€'g, T, ﬂgﬂo r’

1 e 1 i? 1w 1 1 By Em
Re v =R . ‘1
EF T ;3 W L2 " Ter?

v 1k* if& )3 X*
G- ~4§-

at-
T
te-

e.

en
the
) We

“that
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If the magﬁétio and electric dipole are-:to raﬁiate'thé
same amount of energy, the ratio of the dipole monente
must be b

W T, o Re k J k

. -2
By By Yo In z"’

We will now investxgate the energy den31ty of toth dipoles
in the long~range field:

. n,m JCO O i (k* - T®)y .
Borhuo 5*6'61:;-?? R Ot - R 2
, T

Da JCLJ 2 v :
— 1 1 k*C Kk -1(1;* - Ic'*)r
= : sin
Hence the ratio of the electrlc and magnetlc energy
density ‘

S k:f?o ' 2
? ) m, m, Re -ér-é—s ) 2 2 J k* Re k* 2
m "nTno . E °ﬂ 5, z° B

But k*"’awz E UM (E + Qﬁ_)aki’é. .

lﬂo ]E e
l £b Eo 7QS <E '
and u* =

end hence we have

< 2, 42
Se ., 2 Ipksu* Re kou*2a° YA\
%;; 5 e :
m I Zo /u®

- a2 (ro )2 Jpu* + Re ;1/\1’)
) I (1/u**)

It can be easily taken from this relation that with — =~
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‘incroaéing wavelength, the value of (ro/jko)2 dimini -
shes and hence the magnetic dipcle becomes the more
favorable tranemitbin& antenna.

At a frequency of 10 kc, a sphere diameter of 1 m and

'a conductivity of 10 -4 the ratio GY/’CS = 0.8.1072,

both the magnetic-end electiric dipole radiatlng the same
- -energy. -

These considerations show that the magnetic dipole exhibits
—.—far more favorable properties than the electric one within

the frequency range 1n question.

w3 Magneticec Moment of an Air-
core Coil. ' )

It is desirable to have the magnetic moment as large as
poesible for a given transmitter power. This implies that
according to the formula

'-nJr/ao

the current, the turns number and the antenna cross section
should be made as large as possible. As, however, the '
requirements of a high turns number and antenna cross
section are contradictory to a high antenna current (at
given transmitter power), it is worthwile to investigate
the question, which one of the design data has the most
prominent influence on the magnetic moment. The following
equations hold:

Mg =n Jl‘ﬂb )

P = rzn'

.o

Je(/R)/2 i Ra eV ;.
1l = 2r1rn. '

-e



) where e- speocific rq'oistanco. Q= Sondu‘cfcr orossc section,
1 = length of wirctur = coil redius.

Prom these equations, the magnetic moment cen be oomputod ‘
a8 follows: :

g S L \1/2 13/2
‘ A lﬁgnr/to (lq/gl)1/2 LM%}E/_-—I_{

As cen be .casily seen from this formula, it is favorable
 to vind the given wire length in as few turnes as possible.

This means, however, that an antenna with large cross '

section peri. me better than one with many turns and a

small cross section. The transmitting sntennas SAIII

and SAIV were designed in compliance with these consi-

derations.

1,4 The Design of Transistoriszed
‘ ‘ Power Stages’

The design of the new powerful transmitter was governed
by the following considerations: 1f a transmitter having
the limit impedance Ryyp 18 opened up and blocked perio-
dically by a sinusoidal voltage in class C operation, the
b internal resistance averaged over one full period is a

[ function of the angle of flow of collector ocurrent:

Ry = Byy/1y
where

O - 3sin2
. = .381n2©
1® [T =06 O
, and .
ERL o GD = gngle of flow of collector current.

The power supplied by the trensistor is oslculated from

e e et et et 8 o o
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- 16 =

1
1 A =
e R Ra . .
I1ﬁa17§11m)( o)/Fiin * 1)

where Uo = battery voltage, Ra1 = load impedanceQ

1.2 1
N = U = :
2% nIi.in'l (1 +

Ea?heﬂhaximum oﬁf}ﬁ}_power,depends on the angle of flow of

collector cufrenfléhd~dn’fheffétid'ﬁa /Rysp: It canve
represented in a diagram from which cén be taken the
specific load impedance required for maximum output power

at a given current. The efficiency is given by

2
1 = % ;l“' ' 1 1
 f, + H——7qf—-
, 1 “a1 1im
where ‘
e = -} 8in® < cos®

‘Q,f T 1 - coBs®

The available power N.,6 is, as is the case for the efftcienci;:rw

a function of the two parameters @ and Ra /Rlim’ both of
which can be chosen at liberty as design p&rameters. A8 Na,
and,q depend on these parameters in a different manner,

it is impossible to design simultaneously for optimum
efficiency and maximum power output. Only one of these
objectives is reaslizable at one time. ‘At maxioum output

pover g ? g
N =
opt Rin

the efticiency is low, because for equal generator and
loaed impedance it is natursl that a large portion of the
energy supplied is lost in the generator. If the design
is intended to give high power output it is worthwile to
investigate to what extent the maximum permisscible collec-
tor diniipation permits an optimum design. The normalized
collector dissipation is given by

RIS S
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r°f C> and Rlin’ the oon-tant ‘collector diasipation being
.used as parameter, in which the output power is plotted

‘holds.

t -
2./, (1 + T'R"?R;:;) K
O Ry, (1 rr7u;;">< o, 110 * r’

againet the impedance ratio, the optimum sdjustment can

" be resd from the diegram, for & given collector dissi-
~ pation not to be exceeded.

. Owing to the low limit impedance 0f traneistors the vol-
*_tage gein is very high, whence the following relationship

between the three limit values Q,

Uyr and Lo, ro&uifiz

;If the power output is normalized to ¥/IgpaxUor the relation

N afi ) ) - | 7 |
ToaedTs * (®) " 1, |

nex o
Hence it is only necessary to determine the maxi-
mum output power in dependence on Q: assuming an arditrary

~ value of Q, (f, - 0.45f,) is determined, whence the engle

of flow of colleotor ourrent, f,, end the normaligzed out-
put power are derived successively. The optimum output
power is obtained, if the collector diseipation, the maxi-
aum collector current and the maximum colleotor voltage
are correlated as foliows:

Q= 0.18 Iy, Uy

In the next stage of work investigationa are plenned in
which the transistor is driven by rectangular pulses.



2. Experimental Section
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- The experimental work envisaged within the ViF project ' i
S

]

|

- ment of communication with minere in distress. FRITSCH
‘had to be very careful to avoid disturbing influences

16 mostly in a frequency range which to date has seen

very few measurements of a comparable nature. - Hence it
wae endeavoured to use higher frequencies (below 200 ke¢),
in particular in the early stages of the work. - This
ensbled us to include [indings in our comparison which

were, for instance, obtained by FRITSCH in the Schwaz

mine about ten-years ago. FRITSCH made measurements
in the short- and long range region to bridge under-

\ ground distances as large as poseible. He also had in

mind the utilization of his experiments for the establiah«;*'*v~

from rsil installdfione, pfeseure conduits or electrical
cables which, by guiding electromagnetic waves, give rise

. to unfoundedly large propagation distances. The recep-

tion of the Innsbruck radio transmitter (570 kc) was also
significantly better in mine workings with rail installe-
tions than in such as had no metallic connection with the
surface.

- For our preliminary experiments we constructed a small

battery powered vacuum tube transaitter which radiated
at a8 power of almost 1 watt at a frequency of 200 kec.
A 20 om long ferrite rod was chosen as a transmittiing
sntenns whioh simultaneously carried the PA-ocircuit of
the transsitter (!13._2.1 Pig. I).
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for this special purpose (Pig. 2,2). The control vol-
tage has been lead out to terminals where it is measured
by means of a transistor d.c. voltmeter (S-meter) (Fig.
“2y3). Although the receiving unit (Pig. V) head not been

calibrated in field strength units, it was nevertheless

' rossible to estimate the reception results in a guslita-
tive and quentitative manner. The attained propagation
distances were moderdte owing to the small transmitter
power available. :

wThe purpose of these experiments was to obtain a general
_survey of the directional characteristics of ferrite
antennas. Several informative.measurementse were carried
out abdve~gxound on level terrain ae-well aes in under-
ground locutions. The decrease of field strength as
depending on the distance and the directionsl character-
istice was measured both with horigontal and vertical
antenna position: A dependence upon the degree of soil
moisture could also be eatablished. As for the remainder
the same results were found which are discussed below
in the section on the tranemitting antenna SAIII.

Apart from this, initial measurements of the field strength
of the Innebruck radio transmitter were aleo carried out.
The field could “» ascertained to large depths in the
main gallery.

2,2 Equipment 8S8ection
YLF Mepsuririg eguipment

Transmitter: 7
The transmitter that has hitherto been used for the

' *“‘“‘“meaeuropﬁnti:eenlioted of the foliowing parts: batteries;
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RC-generators, transmitter aiplitier. exchangeable trane-
nitting entenna, support for the antenna.

The individuel sections were connected after arrival at

*M} the mite by means of leads. Thus the tranamitter“was
Ty T T prepared for operation (Fiz. Ty T T
‘ A tranaiator, type Levell TGiSOl RC-generator was used

b as oscillator, supplying a maximum output voltage of 2.5 V,
- which could be attenuated by steps of 20db each. It oper-
ated in a frequeney range from 1.5 ¢ to 150 ku. The a.c.
voltage supplied by this generator was used to drive
mres ‘-d¥rectly the - TR T e

o

Transmitter amplifier:

This emplifier has been developed in our laboratory and
is designed as 8 20 watt low frequency emplifier; it ie
mounted with TF78, 3 x TP80/30 transistors (Pig. 2,4).

- ==— Power is suprlied from two lead acoumulators 6V/7Ah.

~ The amplifier draws 3.5 A at full operation, which is
equivalent to an efficiency of 50%. The capacity of the
batteries allows a two-hour operation.

The transmitter amplifier has been designed such as to
pernit the comnection to a symmetrical or an unsymmetri-
cal load. The power transformer is cut in or out as
required by the mode of operation.

The maximum power of 20 watts supplied by the transmitter
has been used to generate a powerful magnetic field which
is radiated by the sntennas. ‘

e s
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- Tranamitting antennas:
- To date, four different types of antenna have been A
. built (SAI to SAIV). Initially a procedure was chosen
by which a coil with a very high inductance was wound
___on an iron core. In order to eliminate the disturbing

influence of the reactance of the ‘coil, the inductivity"
L was parallel-connected to a capacity C to constitute
a parallel resonant circuit which was tuned to the oper-

_ating frequency. This measure simultaneously brought
_two more advantages: first, the pouer transformer and

the losses generated therein could be elimineted by a

 symmetrical design of the antenna, because it was fed

through two tapa located symmetrically about the center
(in which instance care had to be taken to obtain the
correct impedance). Secondly, the current through the

coil was increased as in every resonant circuit (Fig. 2,5).

For every parallel resonant circuit there holds the
relation that *he partial currents JL and Jc are lar-
ger by the ratio expressed by Q, the figure of merit

the °1rcuit- oo L
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The phase shift of 90° between J; and J, occurring at
resonance hag no disturbing influence, because the
stationary magnetic field does not store energy, so
that it can as well be generated by a reactive current.

. The crergy required o cover the radiation and eddy

current logses in the Tock can be regarded as being
negligibly emall.

On the basis of these cdonsiderations it was pogaible'

to design the antenna in such a way es to utilize the

total energy supplied by the transmitter to compensate
for the ohmic losses in the anxenné'oniy.

Design data of the transmitting antennaa SATI and SAIIm
(Fig. III).
Transmitting antenna I:

Iron rod length: 100 cm, aheet material IV

Iron cross section: 6 cm?

Turng number: 2 x 96 turns, conductor:.2 mm diam.

copper .
Ohmic resistance: 185 mfl
Inductivity: 3.2 mH

Tapa at + 25 turns, symmetrical about the center

Tranemitting antenna II:
Iron rod length: 100 cm
Iron cross section: 3.5 cm
Turns nupber: 2 x 450 turne, conductor: 0.75 um diam.

copper
Ohmic res;atanoe: 3.1 ohms
Inductivity: 80 mH

Taps at + 25 turne, symmetrical about the center

It appeared, howovcr. that in practicel operation these

“antenna forms did not perform aatisfactorily. beoauao “the

S el ) et e i i il * 2
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- low resistance and the maximum permissible ourxent the

‘affective surface wes too small and the losses in the
iron core were too large. Por-this reason, henceforth
other measures were adopted in the development of the

: trensmitting entenna SAIII. The iron core was removed;
_.in order to compensete for the resulting loss in inducti-

vity, the diameter of the coil was increased to such an
extent as to keep within the dimensions of the mine wor-
kings. Thie method efforded the following remsxkable ad-
vantage: '

The magnetic field in the axis of an air-core coil which
may be regarded as an n-fold ciroular loop, cam be cslou-
lated in the vicinity of the tranemitting coil from the
following formula:
F O

B L_"’J T [A.m]
The turns number was chosen as large as was permitted by
the ohmic resistance determining the figure of merit of
the circuit and the resonant resistance. Another, in no
way less significant limit for the turns numbex was the
copper weight, because in consideration of the required

cross section could not be chosen too smsll. It is worth
noting that the copper weight of SAIV ie more than 17 kg
snd that the complete antenna, weighing 20 kg, cannot
easily be transported in narrow mines. As has been shown
by theoretical investigations it is mors convenient to
wind 8 coil from very few turns, but with a dianeter

88 large as possible ford given wire length in oxder

46 obtain 2 maximum magnetic moment.

The transmitting antennsas SAIII and SAIV were duilt acocor-

T ding to these considerations. The majority of mesmsurementes ="
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" wam carried out wish the SAILL

3t an iron core is absent, it is possible to determine

the sxperimentsl conditions uniquely by stuting the
frequency and the osyrrent J through the tranamttting
‘The resotance of the coil was, us berore, made.
to venish by mesas of s series connection with s con-
denser of @ cspacity suiteble for the Irequency usad in
the experiments. The resonant resiztance R, ia identi-
cal to the ohmie resistance of the coil and kaa be kept
vithin smell limits by incressing the conductor crosa
section in order to obisig laxrge currents J. T the
transmitiex power § and the resonent resintance R, is
given,-the current is caleulstied from J xYﬁ?ELu ‘

In crder o match this trenemltting antenna to the
sxmplifier output & power trancformer of muitukle dimen-
aions is required. The current in the untenna circuit:
is Yeing measured with & Philipa instrument of the type
E 81700/0%. 1In order to prevent a reduction of the
figure of merit of this cirouit by a too low IC ratio

at the given low freguencies it wat necesssry to increase

“o- Ahedndustivity of the tranamitting pail.

¥or the coll designe used I iz calculated from

3§D
L Eulq ) n?27!D(1n«-~—*u- - K} 1070
%2 * 02

[ea]

where k = form fuctur{ dépen&ing ontc/b
Y ow 940 for SALLI
Y or turne number
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Design dute of the antenna SAIII (Fig. II).

- Dieometer D = 98 cm
“V%inding width b» = 2 on
Winding height ¢ = 1 cx
Conductor cross section: 1. 2 ma dianm. OOpper
Incuctivity: 5 mH— - B
Ohmic resistance: 1.1 ohms

. To dute, the investigutions have been limited to dipole

. antennas. The guestion, whether antenna forms of higher
order, as yuadripoles, for ingtance, will provide better
results, must bte decided by further theoretical studies.

A1l antennas of a dipole character possess a directional
characterietic depexnding on the angﬂe,ﬂ?’. It zppeared
from the meusurements that in the direction o¥ the dipole
axis the field strength is twice that pervendicular to it.
This (sl—deuencence has been establiched by separate mea-
surements. As regurds the measuring technigue, difficul-
tiee were encountered in ad justing the transaitiing antenna
in the mine in such a way as to ensure coincidence of its
axis with the straight line coniecting trinsmitter ané
~ receiver. When nine mape were availalble this direction
could be found by reuns of a comvass. If this was not
the case it hed to be found empirically. It can be seen
from the antenna characteristic, however, that an errox
in the directionul udjustment of + 20° causes an error
in the field strength of no more than 5%.

The receiver umplifier:

For detecting the magnetic field radiated by the truns-
mitting antenns an 8-ctuge selective umplifier eguipped
with transistors 1/AC107, 4/0C71, und 3/0C72 wae used.
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The cirecuit schématic ls shown in Pig. 2,6.

The input voltuge which haé to be expected is of the
order of 4 V. The [irst large~gein azplifying stuge
had therefore to ve deaigned with a narticnlarly 1ow
noise level. -

The input otsge is aucceeded by two more amplifying
9tages, the second of which serves as an impedance
matoher. Owing to the low output impedance of this
stage it was poesible to use an attenuator with a low
ohmic repsistance in the next stage. The calibrated
potentiometer being used for it permites to attenuate
the inpat voltage by 10 db steps down to 50 db. Hence

~ it i3 impogeitle to overdrive the subsecuent stages.

Polloving the calibration potentiometer is 82 selective
emplifier consisting of a two ctage transistor smplifier
which is .mytually ooupled by a btridged T-section. The
coarse adjustment of the chosen freguency is effected

by stagsering the condensers of the network in 11 steps,
thereby varying the frezuency from 20 ¢ to 50 kc; the
fine adjustment is accomplished by seliing the resistan-
ces for which double potentiometers have been used.

‘The following stuges of the amplifier step.-up the eignal

until it atteins an output value of several volts.

The use of a selective network afforded a-substantial
increase of the input sensitivity becsuse, as is generally
known, the noise voltage varies inversely as the bund
width. It is, however, also desirable to have the ampli-
fier possens Only a low susceptibility to external digtur-
bances or stray fields which feature should go with a

. ---;5-~w s el h
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increaae in eenaitivity.
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R

reduction ol the noise level. A new receiver model is
now being constructed in which it is aimed to attain.
an enhancement of selectivity and, at the vame tine, an

Design data of the receiver amollfier

Input sensitivity: 2/LV
Signal-to-noise ratio: 30 db
Gaini 113 + 3 db in the entire frequency‘range. ad-
Justable in steps of 10 db each
Operating voltage: 3 x 4.5 V flashlight batteries
stabilized by two Zener diodes. '
Input impedance: 10 kuu
- Output impedance: BOOJI
Prequency range: 20 ¢ <« 50 ke, euboxvided iauo 11
ranges..
Band width: 0.4 (at 10 ke¢)

An internal view of the amplifier is shown in Fig. VI.

The overall gain of the amplifier is in the region of

4.5 = 4.1 102, Originally it depended markedly on the
level of the suprly voltage which was taken from three
series-connected flashlight batteries. This disturbing
eftect waa elirminated by stabilizing the operating voltage
of the first six stages by means of two Zener diodes OAZ3.
The residual fluctuations are now less than + G.2 V.

The output voltage is constant to within 3 db over the
entire range, as can be seen from the freguency charac-
teristic. The residual error is eliminated by a control
procedurc which consists in checking on the amplification
in the laboratory every time one series of measurezents
in the mines had been completed. This was done at exactly
the same frequencies as were used in the tield.
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The output ugignal of the receiver amplifier ie fed
into the oscilloscope Tectronics type 321 for measure-
ment. This afforde a measurement of the amplitude of
the signal and of its freguency together with an esti-
mate of eventual disturbances. '

Initially the oscilloscope could not be used for these
measurements, because the receiving antenna which had
been placed at a distance of only two mcters from the
oscilloscope picked up the entire stray field from it.
Nigh voltage in the oscilloscope 1s produced by two
blocking oscilletore operating at tregaencieé of 2 ke

. and 20 kc which radiate a powerful frejuency mixture
4 Tich in harmonita. Hence it was required to rlace the
oscilloscope 1nto a casing of 1 mm sheet iron, to shicld

the battery leads very carefully and to filter the battery
voltage after entering the casing. 1In oxder to encure
longer operation of the oscilloscupe, power was taken
from two separate 6 V accumulators which had also to be
placed in a casing.

For some measurements, especially at simall ranges or in

difficult locations a transistor millivoltmeter (Levell
Th2B) was usec to rerluce the oscilloscope. In Fig. IV
the complete receiving equipment is shown.

The receiving antennas

Great difficulties were encountered in the construction
of the receiving equipment when it came ‘to the design
and the consiruction of lhe receiving antennas (termed
EA....): As has been shown in the theoreticel uection
the design must aim at balancing in the zo0ot favoravle




N
s g g T

v -

.
B e B e e b, e

L -29 -

Thege factors are: inductivifYQ effective croes section, -~
spurious winding capacitunces and the ohmie resistance

.0f the conductor wire.A large inductivity can dither be

achieved through a ferrous-cored coil with only a few
turns, or by en air-core solenoid with many turns and
a large diameter {eross section). The problem that had

" to be solved now was to find the most efficient design

by means of theoretical evaluations and practical experi-
ments,

Design data ol the receiving antenna XAI: it conecisied
of a ferrite rod on which two series-con..ected crossed
coils with a very high indetivity were wound.

Technical data of the antenna EAI:
Length of tre ferrite rod: L = 47.5 cm N
Diameter/cross section: 4/F = 1.5 em/1.77 ci€
Ohmic resistance: 135 ohms
Inductivity: L=0.8 H( = 1000)
Recelver ineerted at the mid-point of the winding
- (See FMig. 2,8 just below).
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Pig. 2,8°

In Fig. VII is shown the antenna with the static shield
removed. . :

The entenna wag connected to a variable cavacitor to
fcrm & parallel resonant circuit. Thus it could be
idjujtod to the freguency of the transmitted signal.
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The winoing iu tanpad at the oenter. where the receiver
input i connécted. The figure of merit of the reconant
clrcuit is reletively high, owing to the large RC-ratio
and the low capacity of the winding. The voltage gain

resulting from this is given by the factor Q = 10. 0wing B

to the small geox retrical dinensions the anteana can
easily be shielded against electric fields by means of
an aluminum foil. Hence it is only 1little eisceptible
to disturbing fields, thus percitting the utiliaation of ,
the full eensitivity of the amolifier.

»

An increase of the‘sega;tiv;tyg the figure of merit
remaining constant at the same tiwe, can be acuieved
by an increase in the cross section of the iromn core.

Another method would consist in placing several antennas

of the EAI tyre side by side and to beriea-con;ect thEA.
Studies in this direction are oe1n5 mace .

The receiving antennas EAII and EAIII were built accor-
ding to a prirciple differiag from that of the ferrite
antenna.

The antenna EAII c¢onsisted of a slender toroidal sole-
noid. 1Its electrical performance data were very unfuvo-
rable so that it wds not used for further measurenents.

Improvements were achieved in the deaign of the iéntenna
EA1II. It consists of a cylindrical coil with 1000 turns,
having a diameter of 45 ecm. It was shown by underground
measurements that the sensitivity of this untenna 1is
better thaii that of EAI by a factor of 2 - 2.5 (at 10 %e),
but thut the directional sensitivity is worse. 1In spite
of this fact this type of antenns hae proved to consti-
tute the most favoruble design. The receiver is coanected
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to a tap, the position of which is determined emperi-
cally. Similar to the EAI this antenna is also tunabdle
to resonance by means of o variable ﬁepaoitor and a
step-tyre group of fixed capacitors.

Fig. IV shows the receiving unif‘ﬁnd conveys an impreseion
of the sise and appearunce of the EAIII antenna.

2;3 Underground M easurementso

Calibration of the recei&er unit

The receiver equirment consists of several portable
urits; it compriees theﬁinterchéngeable receiving
antennas which are tunable to the trapsmitted frequency,
the calibrated selective amplifier and a battery powered
oscilloscope. To this ie added the portable, metal
sheathed kit for three 6V/4.5Ah accumulators which serve

‘a8 a power suprly for- the oscilloscope, because built-in

batteries would permit operation for no more than about
one hour. The receiving antennas are interchangeable;
hence it can easlly be arranged thet different antenna
types are used during one underground measurement, either
to f£ind the tedt position of the antenna or to.limit the

- experimental ernﬁr by means of repeating the measurements

with different anternas.

The receiving unit wag-considered to perform satisfao-

“torily when it permitted the determination of the magne-

tic tield strength from the oltuge measurements at the
amplifier outpvi, The field strengtks in our experi-

ments were of the order 10~ '2[wv/n°). FProm this value
can easily be inferred that for calibdration op,rotionl
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e locationAhad -to be found where disturbing mazuotic
flelds could be kept to a minimum. AA detailed study
0of commercially available Parasday cagee has showa that
none of thep meets the rigorous requirements as con-
cerns magnetic shielding against low-freguency fields.
From theee: eona1deratione it eppeared most convenient
to conduct the necessary calibration measurements
underground wheré conditions ere naturaslly the same as
for the actual measurements. i

The calibration consisted in generating a magnetic field
of known magnxtude, inserting thé receiving entenna into
this field and rieasuring the output voltage of the recei-
ver. The values of the measurcd voltage thus obtained
were then converted back to the input voltage; this vol-
tage was plotted against the known field strengths. The
transmtﬂﬂng antenna was dxrectly used for the generation
©f the calibration magnetic field. According to the
formula -

B = Al nJ R2/2(8% 4 22)3/2

the desired field strength which was measured at a distance

of about 10 m frox the tranemitting antenna could easily
be adjusted by a variation of the current J. Some diffi-
culties were created, however, py the necessity to elimi-
nate undesired effects, as, for instance, the influence

of stray electrostetic fields.

Calibration of the receiving"adtennas EAI and EAIIIX
(Fig. 2,9) : : ,
Yrequency 10 ke, r = 12 m, tranemltting antenna SAIII.
Parametric variation of J (mA). :
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] | 51 380 178
S - ' 2 L : o
Do My——riido = 3.5.10712.5 (m) E
2(R® + r%)¢ ~ C
. - N Propagation measurements ,
. After the calibration had been succescfully coapleted,
! : the quantitative propagation measurements of electro-
} magnetic waves in rook could te started. 3
{ Interest in théese neasurements wes oentefud about a ;
f check on the predictions offered by theoreticel consi- ‘
| derations ooacerning the decrease of field stremgth
' © ' over distance in rock with s verying degree of conduo-
" tivity. The test frequency was initially settled at
10 ko. This ohoice was justified by the izitations
inherent to the transistor amplifier , because, owing
to effiocieniy coneiderations, the available power
. transistors 414 not permit the use of higher frequoncies. ]
On the other hand, the design of the transmitting anteans ;
, imposes s lower limit on the zeasuring frequency whioh i
5 . is sbout 2 ke. It will be the aim of further investi- g
'y
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. offer a detailed diacaeuicn,nx them. T

- rxalls were absent in the workings.-
~ hood of the tranemitter and in particular not near

. the system should be of sufficient extension as to
_measurements at intervale of about’ZO m.

gstions to reach lovcr vnluo- by .- syatonatic roduction L

- of the frequenoy.

;,I“ the sequel we will aelect £rom the numerous ficld

atrongth measureménts that have been made in three
different mines,‘four representative experizents,-and

The field loca‘+ one were aelected on-the basis of mine

mape and inapection tours. They wevre considered parti-
cularly favorable, if electrical or tluid conduits or
Secondly it wes desi-
rable to have no large cavities in the immediate neighbvor- »
the
etill
zermit
Care was also
taken to obtain at least an approximate picture of the
geolégical structure of the rock along the workings con-
necting the rmeasurement cocations. FPortunately no~great'

0
“

straight line connecting transmitter and receiver;

| difficulties arose in finding such locations in the mines

inspccted for that purpose.

Aftexr the transmitter had been transported to the selec-
ted location and the orientation of the anténna had

been completed with the help of mine maps and a compass,
the receiver wae carried to the individual measuring
locations; the antenna used in one particular experi-
nent was adjusted to give maximum field strength. Sub-
sequent to this the voltage ocourring at the emplifier
output was nmeasured. Depending on vaeriations in the
smbient oconditions in the rock, distances reaching to
220 m could be bridged.
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Curves 1 througu 4 1n !13. 2,10 111uatrate the reealta
ot the cxperimcn;a. ~It can easily be discerned that the
1ndividual series of measurements in the diagrams deviate

*‘strdngly from: ohe another. This may be explained by

vari\ tione in the parameters &€ and 9f . 2L was deter~

o mine&. a8 has been -explained in the theoretica. section ]
(1,1), from ‘tébles and through measurements, and further “3@

digreaaion on this problem does not fall within the scope
of this section. Purther considerations will be conse-
crated  to a discussion of the influence of the conduc-
tivity paraméter only. - S o

Measurements in the St. Gertraudi mine (Groakggell,
mine map no. 1.

The transmitter was placed in 1ocationeEVII and EIX,
the measuring frequency was 10 kec, the antenna current
1.25 A, the antenns used was SAIII.

. Results:
Measuring diot. Upr  Ugpnr Plr Plim  PI®
-/ 20 - - - -
1. ./ 23 300 500 650 240 . 0.77
2 / a8 95 150 185 70 0.23
3 / 56 32 60 60 28 0.09
4 / 75 18 30 .32 14 0.045
.5 / 95 9.9 18 17 8.2 0.026
6 /115 " 5.6 8.5 9.% 3.8 0.012
-8 / 131 - 5.6 . = 2.5 0.0081
9 / 185 - 1.9 - 0.85 0.0027
10 /125 - 0.8 - 0.3%  0.0011%

[T U
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~ %he values given for the modulus of ‘the megnetic field g
etrength are plotted in Pig. 2,10. Every series of vnluoo:":,
hes subaequently ‘been oonverted to the cxtrapolatod field -

strength at 20 m distance in order to afford a satisfac-
~tory ocotparieon of the ourves. Two thoorotloal curves
have been added which have beon oaloulatod for a oanduoc-—
_4tvity %ot 107> ang 1074 Pphn'n"']. ¥ithout exception,
the experimental ourveo~kotp wlthin the limlts drawn by
the theoretical curves.

series of menaurgmenta reoardeg ian the Sohwag mine. The
‘conductivity there is of the same order and the rock in

. the two locations is also of the same nature.

The transaitter wae placed in loouvtion no. 4; the measu-
ring freguency was 10 kc, the antenna current 1.25 A, the
antenna used was SAIIl

Resulte:

Keasuring dist. U U B| B ‘ B|*
Keasuring ol el erx1 Blr  Bli;; B

20 - - - o

-/

- / 2 128 520 225 250 0.63
o / 47 30 120 55 56 0.14
e / 60 16 €0 .28 28 0.97
b / 78 85 = 30 14.5 14 0.035
¢ / 98 4.5 19.6 7.2 7.2 0.018
d /15 2.8 9 4.4 4.1 0.0105
¢« /133 .9  5.6- 29 2.6  0.,0068
t /15 1.27 5415 1.9 1.1 0.0032
8 / 186 0.76 1.9 1.1 0.85 0.0025
b 0.5  0.0012

1
1
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1.5;he ge ond meaauremqnu xn the~same mine. Lhe distance
. , was.ch sgn enmewhat shortér, it traveraed, however, '

a ' . )rcckf ven mére intérsperseu with ore. The inrluence of
f&thQ» {ccﬂt n( s plainly discernible, because the con-
5vduct1vity is- thrce to four times that in the Schwaz mine.
- It is_worth noting that this conductivity is averaged

i over ?he entire volume. thus differing from that deter-
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|

i

|
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L " Ihe transmitter was placed in location II, the measuring

I j’ &rrequency was 10 k¢, the entenna current 1.25 A, the

; L *'antenna u.ed was SAIII. :

i A : .
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N/ 31 125 600 250 280 0.37

P/ 52 m.e 127 57 57 0082

- &/ 8 9.2 38 - 15.5 17.5 0.023
L&/ 105 0 3.6 1643 5.7 7.5  0.0086
PEECT B/ 130 04 1.8 7.9 . 2.8 - 3.6 0.0043
/161 iy 3.8 1.6 1.7 0.0023

0.4 1

LE/ 226 0.3 2.2 0.00086

‘ }heaaurementB in the Lafatsch mlneL,(serlea no. ;_l

The transmitter was placed in location 1I, the measuring .
frequencyrwas 10 kc, the antenna current 1,25 A, the .
antenna used was SAIII.V

Reaults- ‘ »

| “{ggg:ﬁgs ¢ist.  Ueg Uerrz Bl Brppp  IB)*

&/ 20, 620 2000 1400 1000 1
7 a3 28.5 .220 60 100 0.1
s / mn 8.3 28.5 - 14 .13.5  0.014
g / 8 5.6 18.4 9.2 ‘8.5  0.0093

q: / 103 . 2'05 7:9 3'9 o 3'6 000037

In column no. 1 the receiver positions are enumefated and
their distance from the tranamitter is given. Columns
nogs 2 and 3 contain the voltaves measurced when the re-.
“ceiving antennas SAY and. SAIII were used; they are given.
in p,v, converted back to the amplifier input.- By ueans
. of tpg'giagran in,Pig._z +9 it is pogs}ble to derive the

<
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field étrength values from these voltage levels

given in column 4 and 5. In the last ‘column the
values averaged from column 4 and 5 are given, extra-.
“ polated to the field strength at 20 m distence. This
field strength has been assumed as unit%{

§ge¢;ai(Me&surements

The work desdribed to this poinf has absorbed thg major
portion of the availgble time, However, efforts were
also mede to study problems connected with the measuring
apparatus. Of special interest was an exact determina-~
tion of the antenna characteristic which bore special -
weight in the theoretical work.

These measurements were conducted as follows: the trans- |
mitter was placed in a large underground cavity in the N
Schwaz mine ("Messerschmitthalle"); the field strength A
was then measured at s distance of 12 m in order to estab-
lich its devendence on the angle f}" The results are R
ilIustrated in Figa 2,11. It can be clearly seen that
the field strength in the direction of the axis of the
transmitting antenna is twice as large at a certain
distance than in a direction perpendicular to the antenna
axis at the same distance. ’

Results:
angle (°) (B} “orientation of B (°)
0 1 0
45 0.78 65
90 0.5 0
135 0.78 65
180 1 0
225 0.78 60
270 0.5 0
315 0.78 85
360 1 0
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After these measurements had b;eh cémpleteﬁ'the‘error
arising from incorrect adjusiment of the antenns was

closely investigated, using ‘ihe Schwaz mine (mine map .

no. 2) as field location. In order to obtein practi-
cally useful values, a distance of zbout 50 m between
transmitter and receiver was chosen. The transmitter,
being placed in location no. 4, was initially oriented
towards the first measuring location no. 0. The recei-
ver was then moved to otier locatioms {a',b',c'). The
fi¢ld strength versus ﬁ?’function ag derived from these
measurements is plotted in Fig. 2,12 through an angle
of 60°. The results have‘élréady been anticipated in
the section on transmitting entenmas (2,2). For a mis-
orientation of about 20° the error does not exceed 5%.

Concluding, some remarks are appropriate concerning expe-

riments of a special nature, referring to the measuring
locations in the mine maps nos. 1 and 2, which have net
been discussed as yet. '

The first VLI measuremenis were conducted in the St.
Gertraudi mine, a fregquency o0f 30 ke being used for

the experiments. The distances that could be bridged:
were rélatively small owing to the unfavorable antenna
design (SAI snd SAII), the comparatively high freguency
used, and the low transmltier power (transmitter loca-
tioa SVIII, receiver location EVIIIL). Further measure-
ments which cannot be discussed in detail in this report
were carried out in the Schwaz mine. Their purpose was
to establish the influence of a body of gray copper

ore extending between the locations nos. 1 and 2
parallel to the main working {1 - 4). '

R
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As a calibration facility an orefree distance of 160 m
length was chosen between the locations 5 and 6. At a
measuring freguency of 10 ke the field atrength dropped
to 3% of the original value. Maintaining the same expe- -
rimental conditions the field strength was then meaeured—

- between locations 1 and 2, the transmitter being placed .

in 1 and the receiver in 2. Along thie traverse the
field strength decreased to ne more then 2%. This

remarkable divergence has been traced back to the 1nf1u-"“ R

ence of a closed iron logp consisting of tublng in. the
working no. 2 and of.rall installations in the workings

1 end 8; it was not due to the mction of the orebody.

Deperiding on the orientation of the transmltting antenna,
either parallel or perpendicular to the raila, “the field
strength in location no. 2 was large or small. These '
phenomena are still being investigated more closgely.

" Recently attempts were made to bridge laiger distances

(to 300 m) using the same transmitter and a transmitting
frequency of 5 ke. Between locations 4 and 2, or 7-respect—'

ively, definite field strength measurements could be made. = -

The results of these experiments will be presented in

a later report. It was substentiated beyohd doudt that
the theoretical considerations predicting a less pronoun—
ced attenuation of low frequency electromagnetic waves

in conductive media are correct.
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S 1 General Geologieal Survey
It hes been explained already in Sec. 2,3 thaf the expe-
rimental investigations were carried out in mines in the
Tyrol. The Schwaz,mine, 26 km by road east of Innsbruck
and the St. Gertraudi mine, 44 ko by road east of Inns-
bruck, are both situated on the northern slope of the
"Puxer Gebirge" (Tux moun?ains) . The Lafatsch mine, 47
by rcad novrih of Innsbruck is qltuauac in the "Hinterau-

tal" (Binterau valley) in the nalghbofhood of the source

0f the Isar river iu the "Karweﬁdelgeblvgm“ (Karwead@l
mountains) . f

522 The Lafatsch MHine

The mountain ranges on both sides of the outlet of the
Binterau vally consist of triassic zosk (sedimentary
rock), vrimacily of Hauphdolomite, sloping to the sonth.
Tais formai.iom, baing pushed south in the vicinity o the
wine, which s further upsireaa, glves way to oldew
W 2tterstein dimestone 2rd Railler strata north of thz
valley. Th2 Hint2rau velley ls cowmectcd o She "Voupew
Lash", o naroow gorge terminating at the village Vomp in
the Inma valley, by a wide pass, the tUberschall". In the
area ¢f thie ocann are lovated aumerous mediasval ore
workings. Alout & km west of these workings & develop~
nent mine, the "ILafatsch mine" has receéntly been opened
izt the "Kasten' a flat section of the Hinterau valley at
the foot of the "Reps", an eminence in the ridge north

e .
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of the Hinterau valley. This mine is worked for lead
and gzinc. Ores occur as galena (galenite, PbS) and
zincblende (2nsS) in pockets and etronsly torn tabular-
shaped orebodies.

3,3 The Schwaz Mine

The Tuxer tebirge, consisiing of argillaceous slate
and striking from west to east exhibits a siructure

 of a highly inhomogeneous nature. .Oniits'northern

slope is situated the mediaeval mining town Schwaz.
Heavy felds and overthrueis haﬁélfrequently resulted in
an inversipr &f the stratigraphie c.'umn. Archaic
vQuks like phyllite and iutruazive Nnelsses ﬁontalnzng
widerite ave mostly superimposed on recent argillaceous
alates which in their turn have been pushed aver quartz
phyllites {where numerous mines have ?ormez1y béen o
worked for iron from siderite (Fe003) ores). The under-
lying, more recent palaeozoic and triassic rocks are
meatly Sahvaz dolomite, new red sandstone and Partnach
atrata. '

The Schwez dolomite is the rock mostly interspersed
with ore ccenrring as gray copper ore (tetrahedrite).
Thiz Schwss tetrahedrite (CaMg(co3)2) is composed pxi-
marily of mulfurous copper, stiver, and mercury. The
wining systexm wrich has been vonstently extended since
it was sterted in 1409 has a total length of 240 km.
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34 The 8% Gertraudi Mine

Geological conditions in ihie area are comparable to
those prevailing in the ‘Schwaz region~ Predominant
strata consist of new red sandstone and Schwaz dolo-
mite ("Gevtraudi limestone"). Workable baryte \Ba SQ4 )

and small quantities of antimonial gray copper ore
occur in sezms dipping to the east. The working of
these deposits also dates back to the middle ages and
therefore a number of suitable old undercut galleries

are available.

%5 Determination of the Dielec-
trie Constant of Rock Samnp-
les

As has been outlined in the general geological survey,
the predominant mountain-building rock types surroun-

ding the field locations are Wetterstein limestone and

dolomite which originates from the former by an exchange .
of celcium carbonate for magnesium carbonate. Hence
dolomite differs chemically only little from Wetterstein
limestone. '

In view of the experiments concerned with the determina-
tion of the field strength versus distance dependence of
VLF waves it was essential to measure the dielectric
constant of these rock types (some other measurements on
baryte and other rock samples were being conducted for
infrrmative purposes). In measuring £ the capacitive
method has proved to be most efficient: a thin plane
parallel rock sladb was placed as dielectric between two
condenser plates with a diameter of 5 cm. The dielectric
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constent and yhe'lgéafhﬁélé were measured directly by
means of a General Radio bridge (type 716-C) at various
frequencies. ‘

_The bridge was driven from an RC-generator (Philips
GM2317); a low-frequency millivoltmeter (Philips GM6012)
was used as a null ineyrument.

The rock samples were taken from the separate measuring
locations. They were cut up in specially designed cut-
ting machines equipped with a dismond blade (diameter
30 em). W%hen it seemed necessary they were also ground
on a plane milling machine constructed by us. As thz
slabs had %0 be, very thin, no more thén a few millime-
ters, a large @brtion of the samples cracked already
during the onttingz process. Purthermore, it was nok
always possibhle to produce the slabs with absolutely
plane parailel surfaces. Hence the valugs obtained
initially wy means of a condenser with metal plates

did not shuws good agreement. In calculating the capa-
city of such a plate condenser, characterized by € = 15
and an interelectrode spacing of 0.5 mm filled with a
dielectric, w.n air gap of 0.2 mm causes an erxeor of
404. Ther:fore in the following measurements mercury
electrodes wzre used to replace the metal plates. The
rock samplz vas placed on a mercury layer confined by a
metal ring, =nd the upper contact was established in the
same manner. Mercury is used with advantage fo.~ this
purpose, baczuse it approaches the gample very closely,
but does not penetrate intc the pores and iine fissures
often orscurring in these rock slabs.

Let C, ve the capacity of the condenser in the presence
of a dizlectivic, and C, its capacity without dielectrie,




£1is then given by
C ~ ' "J i I):
€= = ‘
% |
Cp, was determined by the substitution method in order
to achieve sufficient accurscy in the megsuremente. With

. this method the spurious capacities and the loes factor

of the leads can be ignored. The error resulting from
neglect of the edge field of the condenser is below the
expérimental accuracy, as has been shown by theoretical
calculations. C, vas either determined by the substitu-

tion method or by computation. The dielectric constant “
and the loss factor were measured in the frequency range
extending from 100 ¢ to 100 kc. The curves showing the
course taken by these two quantitieé~veraus the frequency
can be seen in Pig. 311.' Rock samples were taken from
dolomite, Wetterstein limestone and baryte.

RN
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