








required. A good analogy of an induction
radio system is a transformer with a very wide
separation between its primary and second-
ary windings.

The field strength, H, on the loop axis and
at a given distance, d, from the transmit-
ter loop (ie the primary of the ‘trans-
former') is given by:

M
2nd®

where M, the magnetic mo-
ment, is given by:

M=INA

where / is the cur-
rent flowing in the
loop, N is the
number of tums in
the loop, and A is
the loop's cross-sec-
tional area. The
loops are normally
tuned in order to
present a purely re-
sistive load and
thereby maximise the
current. Anumber
of interesting
conclu- ’ 1

H=

sions follow from
this formula. Although it would
seem to suggest a large number of turns is
beneficial, this is only true if all other factors
remain constant. So, for example, if the
number of turns is doubled, but the same
gauge wire is used, the resistance doubles,
the current halves, and so the magnetic mo-
ment remains the same. To achieve the in-
tended gain, the cross sectional area of the
wire would also have to be doubled. In other
words, to get the two-fold increase in the
magnetic field strength, a four-fold increase
in weight is required. Since, as we've already
seen, doubling the range involves producing
an eight-fold increase in the field strength, to
double the distance by adding more turns
involves a 64-fold weight increase. In fact, it
can be shown that the number of turns has no
effect on the distance covered for a given
power consumption.

All that really matters is the mass of copper
inthe wire, and for a given loop diameter, a lot
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of turns of thin wire and a few
turns of thick wire give the same
result. There are other reasons
why a given number of turns may
be favoured, but the strength of

UNDERGROUND RADIO

the resultant magnetic field is not
one of them. If number of turns is
not particularly significant, the same
cannot be said of loop area. To max-
imise the magnetic moment, having
decided on the maximum mass of cop-
per you can tolerate, the loop should
be made as large as possible. Clearly
the size constraint of a typical cave
passagedoesn'tienditselftolarge
diameter loops, so in the inter-
ests of portability, a 1m diameter
istypical. Much larger loops have
been used for the surface sta-
tion, however.
Tuming to the receiver loop
(ie the secondary in our trans-
former analogy), the formula
for the voltage induced, V, is:

V=2nfNAcos(@)uH

where fis the frequency, Ais
the loop’s cross sectional area, N
is the number of turns, @ is the
angle of the loop to the lines of
flux, uis the magnetic permeability,
and His the magnetic field strength.
This formula may suggest that, in
contrast to the transmitting loop, the
number of turns is significant. However
more detailed analysis, taking into ac-
count the signal to noise ratio, atmos-
pheric noise, and the thermal noise of
the loop, indicates that once again,
efficiency does not depend on the
number of turns. One interesting
aspect of this formula is the pres-
ence of frequency - the higher the
frequency, the greater the induced
voltage. This is at odds with the
skin depth consideration which
indicates that the higher the fre-
quency the smaller the skin depth
and hence the greater the attenua-
tion. The implication is that for a given
depth and rock conductivity there is an opti-
mum frequency.
Space limitations preclude a discussion of
the transmitter and receiver hardware. Suf-
fice to say that although modulation and
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Fig 2: Magnetic field pattern of a magnetic dipole.
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demodulation technigues are similarto those
employed in conventional amateur radio
equipment, aspects such as the transmitter
PA have more in common with audio than
with RF design techniques.

RADIO LOCATION

THE WORLD OF THE POTHOLER doesn't
normally hit the big time, yet on Saturday 28th
May 1983, two cave divers, Geoff Yeadon
and Geoff Crossley, emerged from
Ingleborough Cave in North Yorkshire to a
barrage of cameras, reporters and TV crews.
The cause of the excitement was that eleven
hours earlier they had abseiled down the
360ft shaft of Gaping Gill, one mile distant,
and had become the first people to make this
through trip - receiving the ultimate accolade
in British caving. Although their skill, stamina
and perseverance cannotbe underestimated,
the contribution of technology to this achieve-
ment must not be forgotten either. Had it not
been for the vast improvements made to the
surveys of both caves using radio location,
the search for the elusive link could have
taken years. To put this in amateur radio
terms, radio location is DF in three dimen-
sions, and is another application of inductive
radio communications. Using this technique,
an underground transmitter can be located
on the surface to within a few metres, to
provide fixed survey points within caves.
Since radio location in caves operates on
the near magnetic field, the principles are
somewhal different from those which apper-
tain to normal radio direction finding. Fig 3
shows how the magnetic lines of flux ema-
nate from a horizontal loop in a cave. You will
notice in (Fig 3(b)), that immediately above
the transmitter, the lines of force have infinite
curvature - ie they are straight vertical lines.
Since small magnetic loops are highly direc-
tional, producing a sharp null, we have a
suitable means of finding ground zero. The
following is the procedure normally used.
One party of cavers is sent underground
with a transceiver and loop, and an arrange-
ment to contact a similarly equipped surface
party is made. On reaching the point of inter-
est, voice contact is made to ensure that the
surface party is ready, and the underground
transmitter loop is then accurately set up in
the horizontal plane. A continuous carrier, or
more usually - in the interests of power con-

servancy and ease of sig-
nal recognition - an on/off

modulated carrier is then
transmitted. The surface
party now holds the re-
ceiving loop vertically, and
rotates it around the ver-
tical axis for a null. It is
clear from Fig 3a, that
once a null is detected,
the plane of the loop will
point towards ground
zero. If this procedure is
then carried out from one
or more other positions,
ground zero can be de-
termined by triangulation.

Frequently a more accu-
rate result is obtained by

(a)

Plan view

taking further readings
closetothe calculated po- \\
sition. Having found ;
ground zero, so long as

the loop remains in the e
vertical plane, it can be \
rotated through any hori-

zontal angle and no sig-
nal will be detected. This
obviously provides a
check on the position.
Having located the po-
sition in two dimensions,
we now need to consider
the depth of the transmit-

Vertical
line of force

Depih determined by
measuring angle of

il at distance x
from ground 2ero r ,,/_’

ter. At any position other
than ground zero, even
with the face of the an-
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tenna pointing towards
ground zero, anullcanbe
achieved by rotating the
loop from the vertical. This
is clear from Fig 3b. The angle at which a null
is obtained depends on both the distance
from this point horizontally, and the depth of
the transmitter. This, therefore, gives ameans
of determining the depth. However, since the
lines of force are not straight lines, simple
triangulation cannot be used. It wouldn't be
appropriate to derive the equation here, suf-
fice lo say, that depth, d, is given by the
following formula:

force.

i 2x
Jotan’(8)+8 —3tan(0)

Fig 3: Plan view (a) and side elevation (b) of cave and magnetic lines of

where @ is the angle to the horizontal, and
xis the distance from ground zero.

A TYPICAL CIRCUIT

FOR THOSE WHO HAVE BEEN inspired to
get their hands dirty (literally) with cave VLF
or cave radio, | am presenting a circuit which
was developed by Stuart France and Bob
Mackin (the designer of the Molefone), and is
reproduced with their permission. This de-
sign is for an 874Hz transmitter and receiver
which could be used for radio location at
depths to about 120m. With minor maodifica-
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Flg 5: 874Hz radio-location receiver.
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Fig 6: 874Hz radio-location transmitter.

tions it could also be used for CW or data
transmission by on/off keying. ltgivesanidea
of the techniques that might be used in equip-
ment for an amateur VLF/LF allocation. First
a few brief notes about the circuit.

The transmitter (Fig 4) consists of a
3.57954MHz crystal oscillator divided down
by the 4060 to give the 874Hz signal fre-
quency. A 1Hz square wave, generated by
the 4093, is used to key the signal in a 50%
duty cycle. The resultant signal is filtered to
produce a pure sine wave which is amplified
to drive the loop usinga MOSFET. The trans-
mitter antenna is tuned to resonance, and is
linked to the PA via a primary link winding.
The power output is set by RV1.

The receiver circuit (Fig 5) consists of
three stages, a Q-multiplier, a bandpass filter
and an audio amplifier. These are based
around the 7611 CMOS opamp, TLO74 FET
guad-opamp, and LM380 integrated audio
amplifier respectively. The receiver antenna
is a multi-turn loop, tuned to resonance and
with diode protection for strong signal condi-
tions. RV1 is the Q multiplier control, and
should be adjusted until ringing occurs, and
then wound back slightly until stability re-
turns. RV2 sets the filter's centre frequency,
and should be adjusted for maximum signal
atpin 3 of the TLO74. RV3 sets the Q factor of
the filter, and should be set in the same way
as RV1,

With the exception of ensuring that all the
components in the receiver's bandpass filter
are as close to the |IC as possible, the con-
struction of the transmitter and the receiver is
not critical. However, the winding of the an-
tennas does require further explanation.

Both antennas are wound on a square
former with 450mm sides. The former is con-
structed from four lengths of plastic conduit
(the square type intended for surface mount-
ing) with the top cover removed. The ‘U’
channel faces outwards and acts as a guide
for the windings. During the winding process,
a couple of struts are attached to one face in
across. A holeis drilled in the middle of these
struts and the whole assembly placed on a
spindle to allow rotation whilst winding. A
500m drum of wire is placed on another
spindle to allow free rotation. The wire is then
wound from the drum onto the former in neat,
ordered |layers. For the transmitter loop, the
link coil goes on first and consists of 20 turns
of 16/0.2mm PVC-covered equipment wire
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tapped at 5, 10, and 15 turns, The main coil
goes straight on top of this and consists of
approximately 320 turns (ie a whole 500m
reel) of 7/0.2mm PVC-covered equipment
wire. The ends of the coils terminate inasmall
box attached to the inside of the former. This
houses the tuning capacitors, diodes (for the
receiverloop)anda socket. The receiverloop
is identical to the transmitter loop with the
exception of the link coil which is omitted, and
the back-to-back diodes which are added.

The 500nF loop tuning capacitors should
be built up from smaller {1000V, polypropylene
type) capacitors in a series/parallel arrange-
ment and adjusted for resonance by trial and
error. Variable capacitors are impractical at
these values.

PRACTICALITIES

WHEN TAKING ANY ELECTRONIC equip-
ment underground, it is essential to make
sure that everything is well waterproofed, as
caves are wet places, and your comfort and
safely could depend on the waterproofing.
Waterproof ammo boxes are rugged, andcan
be used to protect electronics such as the
transmitter, receiver or batteries, but the loop
antennas would be more exposed to the
elements. Potting the boxes and well varnish-
ing the windings is strongly recommended.

LICENSING

THE CIRCUITS PRESENTED should give
those interested in cave radio or VLF afeel for
the issues which relate to VLF, underground
radio and 'Cave Prooling’ without goingto the
complexity of a full SSB design. Until an
amateur VLF allocation is obtained, equip-
ment such as that described here can only
really be used under a Technical and Devel-
opment Licence. However, these licences
are expensive, and the usage must be strictly
test and development - il precludes the op-
erational use of the equipment, but itmight be
used to develop equipmenttomeetMPT1337.

The RA specification MPT 1337 covers type
approved equipment for inductive communi-
cations, and equipment which complies with
this specification does not need a licence, as
itislicence exempt. This is obviously the ideal
solution for non technically minded cavers
and rescue groups, but the cost of obtaining
type approval for a new design is very signifi-
cant to non-commercial organisations, being

measured in thousands of pounds.

There is a variety of type approved equip-
ment available commercially for more con-
venlional applications, and some of this could
be used to gain experience with short range
VLF propagation; however, it is part of the
type approval requirements that this equip-
mentmust not be modified in any way, and so
this allows relatively little scope for experi-
mentation.

Underground communication is clearly an
interesting area, and is the only way of prov-
ingthat VLF signals can be transmitted through
solid rock. It also offers some interesting
challenges in making equipment waterproof
and rugged. | hope this arlicle has encour-
aged some of you to consider this aspect of
VLF propagation if an allocation becomes
available.

SAFETY WARNING

MANY PEOPLE also find that transmitting
through rock for the first time is a great thrill.
However, | must stress in the strongest pos-
sible terms, that if you're not an experienced
caver, you should not wander into caves
unescorted. I'msure | don'thave tolabour the
point, but caves and potholes are potentially
very dangerous places. However, all the risks
can be virtually eliminated by taking sensible
precautions. First and foremost, you should
seek out a caving club and make your first
trips underground in the company of people
who can guide you into good caving practice.
To find out details of a caving club in your
area, contact the Nalional Caving Associa-
tion at Monomark House, 27 Old Gloucester
St., London WC1N 3XX.

CONTACT

YOU MIGHT ALSO LIKE to consider joining
the Cave Radio & Electronics Group (CREG)
of the British Cave Research Association
(BCRA). The CREG publishes a quarterly
Journalwhich includes a good deal of cover-
age on induction radio, arranges regular field
meetings, and can - of course - pul you in
contact with like minded people in your area.
For information, send a 9" x 4" SAE to the
author.
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