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Cave Detection 

Last year I published a rather journalistic article on this 
subject, but restricted to electrical me thods. It is nOyl my 
intention to extend the previous article, and to conside,r . 
some different methods, '\vi th reference to the advantages "and' 
disadvantages of each. 

All possible systems have one thing in common - they must be 
portable', s~nce measurements must be made in the field. This 
condition immediately restricts the complexity of apparatus. 
and its pOvler requirements, since batteries tend to be heavy" 
and ,in general, the more complicated a piece of equipment, 
the larger and heavier it gets. 

It is then required to construct some piece of equipment 
which will accurately delineate the interface between lime­
stone and air. Across the interface there .will be changes in 
conductivity, dielectric constant, magnetic susceptibility, 
elasticity, refractive index, and specific gravity i.e. 
density. 

I shall be.1ow consider each of these changes fora feasible 
and practical method of cave detection. 

l'v1EASURElVIENT 01' CHAnGES IN CONDUCTIVITX 

The conductivity of any substance is a measure of the ease 
with which electricity flows through it. The first require­
ment for the use of this property then is some portable 
source of electric current and the means to apply it to the 
test area. Since there is no immediately obvious reason '\"hy 
direct current (d. c.) should not be used, i:le shall define our 
pmver source to be dry cell batteries • Dry cell because 
they are relatively small and light compared to accumu,lators, 
end because a check of c onducti vi ties snOivS that pmver , 
requirements will be small, obviating the need for the. extra 
energy of accum,ulators. To apply the current to the test 
zone, we shall drill small holes into the rock a.."'ld affix 
contacts. 

Having current passing through 

~~~:~~!m~CF;iu~~;r:!i~re \ \ I:~;;~\ ~\I~liJ \ 
area, and hence its conduc .... 
tivity. Then the lO'tlTer the 
conductivity, the larger the 
airspace. We therefore need 
electrica.l meters for measuring 
currents and voltages. ODce a 

Figure 1 
, Four~electrod~ Method 
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74 Cave Detection 

measurement has been made, everything is moYed to a!1other spot 
and tr..e prOCeE.iS repeated. 

Advantages of this s:rstem are th&:t; it is fairly simple and 
cheap to make, and that interpretation is relatively easy. 

Disadvantages are that it is of low ra...l1ge in depth and that 
the area covered is very small. 

We can increase the coverage area by extending the outer 
electrodes sho~m in Figure 1 on out of the page. Increasing 
the depth r~ge can best be done by changing to the plotting 
of equipotential lines 'ihere deviation from parallel represents 
a change in conductivity. Lines 
converge into a cave, diverge G . 
from gold 1:1ines etc. This is -- _. - - - - - - - - --

'1':1" ., •• t"~l1T . € ...... 'f'Ci'.:.rlt.41 LI"r:-.~ the .J:!jqu~po lIe.i.'l ~c" 1'!ethod of ______ ... ____ -__=: ____ -

what is called Potentiometric _..: ..... _ - - ~ jc:-:.~ ... :.::'- :"1- --­
Surveying. _.." - - -- -" - -

Advantages of this system are 
that it is simple, coverage is 
good,i'~i th good depth range, 
and. that it is accurate. 

1-' ----. .-:. ----.... --
-.".~ ~ - .. - .... -. ---- ...... '--

.".----:------- -.-------
Figure 2 Equipotential or 

Parallel Wire Method. 

Disac';umtages: Interpretation is harder than with the four­
electrode method; it requires more equipment; power require­
ments are higher -'it needs a minimum field stren~h of 0.25 
volt/foot of uire separation (Experimental figure). 

Comments on this section: -Conductivity systems &.re simple 
and cheap, and reasonEtbly n.ccurate. How'ever it is fou,nd that 
polariza"(;io~1 of electrodes can occur, causing loss of efficiency. 
These can be annulled by the use of a.c., but apparatus then 
gets expensive and large. I have a pOliler supply giving 200 
volts peak to peak at 2 Kc/ s, but its pOv.Ter requirements are 
enormous and. its use is almost out of the question for field 
work, since packed for use it vleighs almost 25 pounds. 

The s;ystems discussed belo,\'>]' depend upon the fact that 1'1hen 
electromagnetic radiation strikes a change of dielectriC, part 
is transmitted and part reflected. This is best demonstrated 
by holding a sheet of "MTR I~( "Ro. 
plate glass to the light. », Fj?7 >, \1" ",; ; ,,», '"/ 
Of course, rock is opaque 
to light w'aves. Howeyer 
it has been shovm that _~" --\,._/-~ ... ,. 
limestone is virtually /" c.~",: J Figure 3 
tr~ ..... '1.sp' aren-c to radiation \, 

" at freqy .. ences of about ---_ 
100 Kc! s. I:·,: '< 

'} 
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Cave Detection 75 

(At 100 Kc/ s, the I'Tavelength is 3 Kilometres). Therefore at 
any interface, there will be a certain amount of the signal 
reflected. Not much, but a sensitive receiver could detect 
it. Vie therefore need a 100 KC/s transmitter and receiver, 
or, preferably ma:'1Y receivers. The next proble1:1 concerning 
us is the range betvle en the transmitter and the interface. 
There are t'V10 feasible ways of doing this. 

(i) By time lag bet~:T8en transmis sion and reception 

(ii) By the phase re18~tion bet,leen the tr::msmi ttecl and 
the received signals. 

This first method requires clocks capable of measuring in the 
microsecond to nanoseconc: range (10-6 to 10-9 seconds). 
These are triggered on by the transmitter and off by the 
receiver. Such timers are expensive and hard to come by. In 
addition, over the ranges in vlhich I;ve are interested, the 
triggering pulses vlould probably talw gS long to reach the 
clock I:1-S to traverse to the interface and back, thus intro­
ducing inaccuracies. 

The other possibility, phase shift, depends upon the fact that 
t:le vlavelength ()Km) is a good deal longer than the range we 
are interested in (0.01 to 0.1 Km). 

Since at each point betvveen the transmitter and the interface, 
the phase of the 
transmitted signal 
is different, knol'ling 
the phase at the inter­
face is eauivalent to 
kno'\ung J. ts rcUlge. 
Re,18:mbering that '.:hen 
e le c t r om 2'_&.,11e tic 
radiation is reflected, 
an instantaneous 'ohase 
~l'l~A~ OI" 10 00 re~;1~0 '-, .... .L U 0 ,_,1.-_ U'-', 

... ve measure the l)hase 
al1c:;le at the receiver. 
Subtracting 1800 gives 
the distance of the 
receiver from the 
transmitter in terms 

.; .... :.... --- Lv ------i»" __ 

ligure 4 

Phase Relationships 

of radians. Knov-Ting the ·wavelength .in limestone, calculating 
the distance bet\'Jeen the tr8.l1sm.i tter and receiver v.ia the 
interface is a matter of simple geometry. This then leads to 

,.,.--'~'--" 
the cave depth in metres. The easiest method of phase 
detection is of course uith the oscillosc ope, 'tvhich is, 
1.mfortunately, not really portal)le. Alternatively, a 100 
KC/3 signal generator "lTi th a varia"t.lle inductance or capacitance 
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76 Cave Detection 

on the output calibrated in degt'ees of phase shift vlould do. 
After the detector and transmitter have been sy:nchronised, 
the receiver cmd phase detector outputs are mixed, and the 
inductance tuned for maximum signal strength. The phase 
angle is then read off. 

Example Df Computation: 

Suppose the phase detector reads 300° for maximum signal 
strength. 0 
Subtracting 180 leacls to 
Xr·lTR - interface - RCVR. 
120 0 is a.667ft radial'ls. 

. 0 
a phase distmlCe of 120 for 

\'Javelength of 100 KC/s in limestone is l! \1here n is given by 
1 11 

the relationship n = ~ = U, so L1 = 1.03 Km. 

Whence O.667n radiens is equivalent to a distance of 0.343 Km. 
i.e. xr·1TR - interface d.istance is 172 metres. 
Supposeal1gle of incidence to the interface is 45 0 , then per­
penclicular depth of cave is 172. sin 45 0 or 121 metres. 

(i) Range is only li11iteo. by depth of lime~)tone, power 
output of transmitter, and sensitivity of receiver. 

(ii) Onc_frequency trs,:rlsrilitters D11<3 receivers are fairly 
easy to construct. 

Disadvants·Bes: 

(i) O1ving to thE? long '18.velehgth,. t 1w phase relationship 
degrees per metre is very small. Accordingly, El. very 
se"118i ti ve and accurate phase detector (or else an· 
oscilloscope) is needed to give accurate ranging. 

The low coefficient nf reflection reauires that a very 
sensivitive receiver be used. HOI",ever, note that as 
the angle of incidence :Lncreases, the coefficient of 
reflection increases. F'or 10';' incident angles it increases 
slowly, then more rapidly as the angle increases to 
larger values, until the limit of one,il1he11 the angle 
of incidence is 90 0 • Consequently· it may be possible 
to reduce the pol,Icr requirer.o.ents by increasing the angle 
of inc.i(1ence to,. say, 45 0 • 

(i) and (ii) above require the use of directional anten.."1ae, 
",hich at tl1ese frequencies could \OTell be large and cumbersome. 
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Comments on the above sect.ion: Vii th the exception of the 
directional aJ1tennae, all the apparatus required could be 
made portable, although perhaps heavy. The greatest problem 
is the pO\'ler supplies for the electronics • Valves \'lould be 
preferCl:Jle to -cranuistors in the transmitter becauso of the 
larger signal voltage mving they can handle. This requires 
at least one 200v p·ower sup, although the receivers could be 
transistorised. I{ovleve r, it is not strictly necessary that 
tIle transmitter be r!=)located once 1,Iork has started. The 
rGceiver is portable, and can be moved instead, the shift of 
either being equivalent. So long as the transmitter - inter­
fs,ce .... receivel~ range does not exceed 0.5 Km (1·L1), no phase 
amhigui ty can result. ' 

Under this section '\'re shall c omdder such systems as use 
waves reqv.iring a material meclium for l)rOpagation. Of 
p8"rticulo"r interest are sound and shock I:laves. These are 
bounced off' the change of medium, or allovled through it and 
timed over a lmovTll distance. 

In neither case, unfortunately, is it practicable to use 
phase detection for ranging,. ovr.ing to the comparatively short 
vTavelengths of sound ',raves (in lirnestone the audio range is 
approximately 0.2 l11Gtres to 50 metres; in air the viavelengths 
are approximately 0.1 of these). 
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78 Cave Detection 

When a sound \'?ave is bounced off an interface, the coefficient 
of reflection is considerably higher than for radio ',raves, as 
the velocity changes are higher. Consequently the returning 
signal is easier to detect. If therefore "'vfe can design a 
unidirectional transducer for applying sound ..... laves to the 
grounc., '1:10 can ,Jork as in the previous section. Some form of 
narro,\\ beam microphone al1.c1 an amplifier is required to increase 
the intensity to a usable value. However such microphones are 
available, although expensive, and the design of high gain, 
10v1 noise cw!lplifiers is relatively easy (see at e'-ld of 
article). ' 

..... lhether \\Te bounce the signal, or time it over a given distance 
to detect thG cave, vTG still need to knov1 the time lapse 
betw'een transmission and reception to knO\'! hO~T deep the cave 
is. 

Constructing a clock which Horlts in milliseconds up is fairly 
simplo. Ch'ling to the 1011' velocities involved it can be coupled 
to the transmitter by coaxial ca'ble with only slight loss in 
~wcuracy, (over 100 metres, electric21 pulses t3.lte 0.3 uS 
\'1hile sound 'Haves in limestono take 25 mS, a loss in p.ccuracy 
of m'ly 0.001%). 

Tit,:i:rlG the signal through the cave requires that equipment be 
SElt up on opposite sides of a hill that the apparatus is strong 
eno'.),;h to penetrate. 
Tha'[; imposes a severe 
li~itation on that 
method. 

Furthermore, 
attenuation of the 
signal at the air-­
limestone interfaces 
will be such a8 to 
render it highly 
improbably tl'! at part 
of the signal ,:Till 
reach the receiver. 
However this effect 
would result in a 
zone of si1enc8 cor­
responding to tite 
cross-sectional area 
of the cave, which could 
be used to deter~ine 
the location of thE) cave 
and its vertical cr088-
section. 

Figure....§. 

Zone of Silence 
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Cave Detection 79 

It would also be possible to carry out the above experiments 
using shock ",raves, detected by a seismograph. To increase 
the sensitivity of the seismograph, an interferometer system 
could be used. HO'vrever, the use of shock iilaves vTould 
necessitate some form 
of shock pulse, such 
as that produced by 
explosives. Short 
pulso explosives 
(i. e. short rise rold 
decay t.ime of pulse) 
are essential to pre­
vont masking of the 
shock front by the 
back of the pulse. 

/ , I I I ) I n I I , '/f 17111" '1' 
'.~M l.. ,,; c. i' ,: "" 0 ,i", " "..., 6-

Advantages: -

\ 
' . ..,.._---, 

I 
-~ 

Figure '1 

(i) The clocks for these intervals are not too difficult to 
c oYlstruc t. 

(ii) A good seismograph is relatively cheap f:\nd simple to 
Illake compared to a pho..sG detector or a 100 Kcl s 
1 watt transmittor. So too is the interferomoter. The 
instant and magni tucle of the shock front is determined 
by IJeasur.ing the fringe [!hift as seen in the inter­
ferometer. 

Disadvantage i.:!.,.: 
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~ P.8:ve Detection 

(i) S'hort pulse explosive have a very fast burning time. 
The fastest non-nuclear burning rate I knovr of is that 
of R.D.X. ( (CH2N.N02)3) 1'1hich is 8600 mls. This is 
no-(; available on, the market and hence is expensive to 
Ob'tain. The next is PETN vli th similar subs:-t;ances. 
Ni tropril is both the cheapest and -Ghe easiest to mac e 
(in a concrete mixer is standard) but it has a long 
pulse compared uith R.D.X. and I'ETN. Consequently the 
main disadvantage of seismic detection is that vThen 
explosives ar8 available they are not satisfactory over 
short ranges, and those that are ideal are virtually 
impossible to obtain hOI'lever the figures belOl'/ 

O~umerical Example: 

Consider the use of shotgun cartridges. 
These have a charge approximately 1-.5cm 
long, and a burning rate of about 500m/ s. 
C on sequently the burning time is 3 x 10-5 
seconds. 1;Jith a velocity of SOU:ld. in 
limestone of 3500 m/s, the shock pulse 
v[ould have a length of 10 cm. Assuming 
thc .. t the length of the pulse is negligible 
l)rovided it is less than about 5% of the 
total distance, a minimum range of about 2 
metres is available ) 

show that if the energy output of these cartridges is 
sufficient, and if a suitable means of discharging them 
is available, they may be usable. I ,,,ould be interested 
to learn if anyone has satisfactorily used these cart­
ridges for seismic '\vork. 

(ii) Farmer Brovm and Co •. may not like ounce charges· of· 
R.D.X. going off on his property every hour or so. 

(iii) Seismographs are heavy, since the inertial mass may 
easily be 20 or 30 Kilogrammes. 

(iv) A souncl trEmsducer capable of putting high output into 
rock may be difficult to make • 

. Comments on this Section: The size an d weight of the seis­
mograph precludes the use of shock 1'rmres in cave detection. 
However, with a s~itable transducer, the ~eflection method is a 
fairly simple one for use in the field. 

IvlEASUREHENT OF ClIANGES IN SPECIFIC GRAVIT',£ 

Basically the mean specific gravity of an area determines the 
local acceleration due to gravity, g. 
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Cave Detection 81 

Neglecting local changes due to inhomogeneities in the crust, 
the acceleration Lt any latitude L, and height h in metres 
above sea level is given by: 

g = 980.616 - 2.5928cos2L + 0.0069 cos 22L - 0.0003h cm/s2 

HOi'!ever slight alterations are induced by the prese nee of 
air spaces in the rock. An instrument to detect these small 
changes is called a gravi -Gometer. One such, suit able for 
amateur construction, is the Cavendish Pendulum. In vie"!'v of 
the size, Iveight and c omplexi ty, and hence price, of this and 
similar instruments, they are not re9,11y suitable for use in 
detection by speleological societies, and consequently I shall 
not cover them any more fully in this paper. Any person 
considering experimenting in this field is recommended to 
read. the article on the Cavendish Pendulum in the IlScientific 
American l ! for September 1963, pages 267-280. 

In this section "\,re shall consider the effects on the Earth t s 
magnetic of a body of limestone and air. Hmv air is para­
magnetic, limestone is diamag11etic, consequently there will 
be a slight bunching. of the natural field lines about a 
cavity, a slight rarefaction about solid rock. Any caves 
vfill therefore bhOi'i themselves by an intensificat.ion of the 
Earth's local magnetic field. 

J An instrument ;ihich ''fill detect such 
Ch8l1ges in magnetic fields can be constructed about the Hall 
Effect. This is the name given to a phenomenon which occurs 
when a current flows through a thin strip of conductor in the 
presence of a perpendicular magnetic field: a potential drop 
is observed perpendiculEcr to both the applied e. m. f. and the 
magnetic field. E.H. Hall carried out his original experi­
ments in 1879 using copper strips, finding a perpendicular 
potential drop of less than 1 microvolt. It has recently 
been found, 5ho"\llever, that this can be augmented by a factor 
of up to 10 by USing semiconductors instead of copper. 

Especially suitable 
are alloys of indium 
and arsenic. 

The transverse 
current depends upon 
the normal current 
flow in the strip 
and on the field 
strength, v,Thile the 
trans\rerse potential 
depends inversely 

Hall Device as Fluxmeter 
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82 Cave Detection 

upon the thickness of the strip. It is common then to make 
Hall Devices only a fey! thousandths of an inch thick. 

In Figure 10, El. suitablo 2,mplifier for the fluxmeter is shovm. 
The potentiometer R is used to adjust the output to zero in 
any given field. Changes in the field strength then sh011 as 
positive or negative changes on the voltmeter of Figure 9 -
positive for para changes, negative for dia changes • 

l - - .., 
~'71, l2. 'll( 1-- " '. ---.... r, Vo .. '" 

~ 

v ,,., 820.l\.. 
f,<W\ 1.1.0 loo ..- ·"\'V"v",--

~ 

t.I.. kYle t? 
.... 1. ... 'l.. 

(!. ~---C: T2, 
j 
; 

2. Ho:: f 1,) 7). 2.1\1130 
2.·2,.. 

2 

Figure 10 
Amplifier for Hall Device as Fluxmeter 

The ma~1etic field in the Hall Device may be intensified by 
using ferroI!lagnetic strips overlapping over and under tile 
semiconductor strip as in Figure 11. 

Figure 11 
Flux Amplifier for Hall Fluxmeter 
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The probe can be "supersensitjzed" by the follo'tving steps: 

(i) Adjust R for peak response as the probe is reversed in 
the Earth's fielcL, and rotate to the null-position. 

(ii) Adjust zero controls so that t"lN-O peal:s are equal in 
amplitude. 

(iii) Rotate probe to null point. 

(iv) Increase gain of amplifier v.ntil null potential is 5mV. 

(v) Energise Hall Device viith a. c. of 400 cl s, then 
increase current in Hall Device to 200 filA. 

The sensitivity of the instnuilent at this stage is 2x10-4 
gauss, or 0.1% of the Earth's magnetic field. 

(The above figures are for the BH700 Hall Device, marketed 
"by F."vi. Bell, Inc., 1356 Norton Avenue, Columbus, Ohio 
43212, U.S.A.). 

vii th the ferrite intensifier descr.ibed above, the field is 
applied along the long axis of the strips. The probe is 
aligned for use "iili th the Earth's magnetic field and flux 
measurements made across a grid over the test locality. 

To align the probe with the field lines, rotate it in 
horizontal and vertical axes until the maximum flux reading 
is obtained for t11e test pOint. 

To minimize magnetic effects in ·C"1e mounting, an aluminium 
the oo.oli te lllOunt -.'lOuld be sui table. 

Tl1e ~dvantage of this system is that apart from tile expense 
of the circ'Ll.i try it is very simple and cheap. The electronics 
C8 .. n be buil·c into a box 6 it X 6:1 X 8" \Vi th a milli2J11meter at 
one end an 6. 'lrTeighing perhaps 5 pounds. Hence it is eas ily 
portable. 

The .disadvantage is that Hall Devices are at present 
unobt8,inable in Australia, and must be impor-ced from the U.S., 
Baking tllem expensive. 

Comments on this section: If a Hall Device such as the 
BE700 can 'De obtained, the above represents probably the 
simplest method of detecting and mapping Caves frol'rJ. the 
surface possible. 

It is ho-uever ir.mossible to determine the depth '!Ti th this 
systEm, so otber·· methods must be resorted to for that. 
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84 Cave Detection 

MEASUREFJEI~1 0]' C}lANG~L:gJ D;r~1::BCTRIC CONSTANT 

The main use of dielectric constant is the measurement of 
capacitru~ce. It is therefore feasible to use the test zone 
as an element of tuned circuit in an oscillator. 

Figure 12 ShO'HS a Colpi tt's' Oscillator, for v·rhich the 
frequency of oscillation f i8:-

f = 
1 

2n + 

Suppose C1 were formed of two long parallel vTires strung 
across the test zone. A measurement of the resonant 
frequency is then a direct measurement of the capaCitance, 
and hence dielectric constant of the area. 

The adV8.l1tag€£l of this systen 
are that it is lli1Y~i£~:J:Y. 
very 2ill~ple, merely requiring 
a Colpitt's OSCillator, 
several :tards of wire, and a 
200 volt d. c. pOvTer supply. 

The (ij.sadvanta$e is that 
!lli1i.':"f?m.alj"c all.:y: it is very 
COl!llJlicated, and deter­
mininc the difference in K . 
beti'ieell limestone (8.5) a.nd 
air (1.0006) may be 
extremel:~r clifficul t. 

SUHMARY ---....... ---..-...... 

Figur~g 

Colpittls Oscillator· 

Over the ')revious pa.ges ,VG have considered ten feasible 
methods for detecting either C8yeS themselves or the more 
general case of an interface betiveen changes of .medium. Of 
these ten, the simplest is t)lat usin~ the Hall Effect to 
detect che.nges of ms-e;net1c sUf:;ceptibili ty. This is not to 
say it i~: the most convenient - that is probe.bly the parallel 
vrire method under ;\ Cond.uctivi tytl. The parallel \-lire method 
caa accuratel y detect and 1~18,:l? caves over an area only liroi ted 
by the e=cperj_menter's pOi.rer supply, and measures the depth 
simultaneously. 

My own opinion is for the parallel wire method, followed by 
the Hall Effect method and radio rei'lection ",d. th phase 
detection ranging. 
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Cave Detection, 85 

I would vielcome comr:lents from)ersons interested in this field 
VJl10 can reach me care of the Natio:1al University Caving Club, 
P.O. Box 4~ Canberra, A.C.T., 2600. 

J .B. Clark 

F.~". Constant 

A.J. Dekker 

Encyclopaedia Britannica 

G. P. Harmlell 

E. Norman Lurch 

Scientific American 

PhYEJical & Nathematical Tables. 

Theoretical Physics. 

Solid state Physics. 

Principle's of Electricity and 
NagiletisrD .• 

FW1damentals of Electronics. 

September 1963 and. July 1965. 
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A,PPENDIX ;A. 

Propert;z 

Specific gravity 

Refractive index 
at 100 Kc/se (n) 

Coefficient of 
reflection at 
100 KC/ s. (r) 

Resistivity (p) 

Conductivity (0- ) 

Dielectric constant 
at 100" Kc/se (K) 

:fiiag:18 tic 
susceptibilit1 at 
10C KC/ s. (Xm) 

Velocity of sound 
at oOe. 

~lavelength of 100 
Kc/s 

Cave DeteciiiC2,t! 

Limeston..Q 

2.92 

4x104- 7x104 

2x10-5 

8.5 

3500 
11480 

0.24 

1.29x10-3 

1.00 

1.0006 

331 
1087 

Units 

gramme s/ cr:( 

ohm-cm. 

mho/ cm. 

emu! BB. 

metres/sec. 
feet Isec. 

kilometres. 
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APPENDl"X B ___ .;.,;;;000..._ ............... ......... 

A SHIPLE HIGH GAIN ANPLIFIER , 

R4 

C4.I --. 
---

C1 ... ---
0-1 -~--- ~--.-.--_. 

--
V in 

R1 

2 R6 

-=-• 

°1 0.1 ~ R1 
°2 10 ,uF R2 
°3 5000 / pF R3 
°4 16 ~ R4 
°5 50 ~ R5 
°6 16 t.;: R6 
°7 0.1 'fF R7 

R8 

Valve is a 6GW8 triode-pentode 
VIfl - 300v d.c. 

Vin - 0.1V p-p 
~imwm Vin tor no distortion = 0.6v p-p 

Norml VoUt = 15Ov- p-p 

Norml gain - 63.5 dB 

C7 

°5 

12 
680 
68 
8.2 

680 
47 
2.5 
6.8 

87 

VIlr 

R8 

V out 

Kohm 
ohm 

Kohm 
Kohm 
Kohm 

ohm 
Kohm (10 Watt) 
Kohm I 
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&:PENDIX C. 

When electromagnetic radiation passes through a medium of 
finite conductivity it is attenuated. A rrleasure of this loss 
of amplitude is given by a factor called the skin depth which 
is constant for any given l:'laterial, an cL is definecl as the 
di~ta.:nce in ~:lhich the amplitude of the i,'{ave is attenuated to 
e-1 (0.378) of its initial value, and hence in which the 
intensity (actually measured by the receiver) falls to e-2 
(0.136). 

D 1 1 
= (a-n ufP D is skin depth, , 

u is permeability of free 
space, i.e. 4n.10-7 

f is frequency in cycles 
per second. 

Consequently, in limestone the' ,follo'\ving values apply:-

1: g 

27 1·1c/s 2.38 metre,s 
8.5 Mcls 3.84· metres 
3~ T Nel s. 5.8'6 metres 

100 Kcls 35.6 metres 
10 Kcls 112.8 metres 

1 Kcls 356 metres 

Therefore, c.t high frequencies, any signal received over a 
distance in excess of a fevl metres has almost certainly been 
preferentially trai.l.s:ni tte6 through minor cracks and fissures 
in the rock, and, al thotl.{:sh the results Ilill be consistent and 
reproduc:Lble, t:ley 'IIill only be accurate, or even predictive, 
'\'1hen the c1irecti::nl of the fissuring 1.d thin the limestone is 
precisely Imovm. 

********** 
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Cave Detecti.Q!! 

ADDITIO~ COMIVlENTS BY AUTH.Qli 

CHM{GES IN CONDUCTlYITY: 

1. The depth coverage using the equipotential method is 
usually about 10% less than wire spacinge 

89 

2. The field strength used should not be greater than 2.5 
volts per foot of 'l.rire separation. 

3. For measuring the equipotential line I have been using a 
Model 8 Avo with a sensitivity of 50 micro-amps. 

4. The way you take the measurements is to have the meter 
connected between two movable pegs, put one of the pegs 
in the ground between the two wires and then search for 
a position with the other peg so that the meter gives a 
zero reading i.e. both pegs are now on a equipotential 
line. The next step is to shift the rear peg out beyond 
the front one to locate the next equipotential point. And 
so it goes on till the whole of that equipotential line 
between the two wires has been found. The succeeding 
positions of the pegs are of course surveyed so that the 
equipotential line can be plotted on the map. The pegs 
are then moved across a reasonable distance and the next 
equipotential line plotted in a similar way. 
Polarisation of the pegs is not usually a problem with 
this method b3cause the leap-frogging method of moving 
the pegs tends to cancel its effect out. 

5. vlorking with wet soil is usually a problem because it 
effectively shorts the circuit and you can't get under­
neath it to get reliable readings. 

6. The easiest way to attach the two outside wires to the 
ground is of course to put in tent pegs every ten feet or 
so and just tie the ,.,ire to them. However if you' re in 
straight out limestone outcrop I've found it best to 
actually tape the wire straight to the rock. It's still 
better to get them into soil if you can so even if you 
have a pocket of soil in the rock then so long as the 
soil is not separated from the rock, put the peg into 
this. 

7. The traces I have generally been working on are just over 
300 feet in length and 180 to 250 feet in width, giving 
a depth maximum of between 150 to 220 feet. 

8. A further experimental figure is that to get straight 
equipotential lines in homogeneous rock. To achieve this 
the test length should be at least it times the test width. 
Otherwise the equipotential lines tend to curve as if the 
outer wires were more like point sources. 
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90 Cave Detection 

9. The average spacing between successive peg readings would 
be about 20 feet. 

10. To avoid interferance from a water-table, the depth of 
penetration should be reduced by bringing the two wires 
closer together. 

11. If one looks at a section ar:the rock end on to the two wires 
then the area of rock traversed by the current turns out 
to be approximately a square with rounded corners so that 
the depth penetration is about 10% less than the 
separation between the two wires. It also means that you 
can plot equipotential lines as close to the wires as about 
5% of the separation. 

12. The smallest cave you can detect gets larger as you go down 
because of bias towards the surface. The smallest cave I 
have been able to detect about 30 feet from the surface has 
been about 2 feet across. I think that at about 100 feet the 
smallest cave would be maybe. 5 to 10 feet across and deeper 
than 300 feet you definitely wouldn't see anything less 
than 10 feet across. 

********** 
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