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SLUG TUNED COIL

Editorial:

Cave Radio Ethics: Artificial Entrances

Cave radio has located vital water wells for
Texas ranchers, aided antipollution projects and
cave rescues, surveyed property boundaries, and
increased the accuracy of countless cave maps.

Cave radio is the ideal way to locate artificial

entrances to known caves. Like dynamite and other
powerful tools, its misuse can damage caves and

owner relations.

Cavers like to dig! Entrances which conveniently
bypass nasty passage and unfriendly landowners are

easily rationalized from safety arguments. Purists

aside, there are valid objections to cave modifica-

tion for the sake of convenience. A new entrance

can upset cave ecology by modifying airflow and

introducing harmful agents (including excessive

numbers of cavers). The distinction between conven-

ience and necessity is arguable, to say the least.

New entrances for potential rescue needn't
actually be dug; they could be locat~d for future
reference, to be excavated by heavy machinery In
case of emergency. But who can resist the tempta-
tion to dig with success guaranteed?

Cave and owner-relation damage are obviously to
be avoided. Individual circumstances will vary;
bypassing an unfriendly landowner might cause him no
loss, and might even be a favor to him.

Consequences aren't always obv ious. I take
righteous pride in having refused a request to use
cave radio to circumvent a commercial cave operator.
The same year, however, I naively made a radioloca-
ticn which resulted in an entrance being dug without
the landowner's permission. The easier access
resulted in significant damage to a small but
beautiful cave.

How would one resolve the dilemma of being
offered money to do cave radio work for probably-
harmful purposes but breaking no laws, and knowing
that if he refuses, the job will be done by someone
else? Is arming "cave war" combatants morally
equivalent to participating directly?

On this 25th anniversary of American cave radio,

it is ready to become standard caving equipment in-
stead of the domain of a few specialists. Now is

the time to ponder the consequences of irresponsible

use of cave radio, lest this valuable tool fall into

the same disfavor as the once-popular practice of

publishing state cave books.

F.R.

Cartoon by Elea Mideke originally appearedin The
Lowdown, vol. 8, no. 7, July 1981. Reprintedlby
artist's permission.



ORGAN CAVE RADIO

by Ray C"le NSS 12460

C"pyright (c) 1985 by Ray C"le, 3410 Austin C"urt,

Al exandr ia, Vi rginia 22310. Contact the a'Jthor f"r
updates bef"re reprinting.

INTRODUCTION. The cave radio IJsed in the Organ Cave
System project needed a range greater than 516 feet,
the cave's maximum depth. Information was initially
available "n cave radio equipment built by Frank
Reid, Richard Blenz, Bill Plummer, Lew Bicking, and
the Charltons. It was not desired t" build the
highest-perf"rmance equipment possible, bOJt sl)me-
thing that could be easily constructed from readily-
available electronic components.

THE TRANSMITTER. !he transmitter was easiest. A
prototype constructed in 1977 worked well. The
transmitter is a frequency source which drives a
power switching transistor which supplies energy to
the antenna. The final design employed a crystal
oscillator with CMOS dividers to produce the oper-
ating frequency. The design also used a PNP driver
transistor which simplified construction by alll)wing
the transistor collector to be directly connected to
the aloJrninum case. This was the first OJse noted for
this driver arrangement, which increased the reI i-
ability of the equipment. Several driver transis-
tors in previous circuits had been destroyed in
testing. Thus far, none of the PNP drivers have
failed in testing or in 0Jse even though the under-
gr"Jund antenna draws six amperes peak C'Jrrent. The
output driver transistor is driven by a waveform
with a 25% duty cycle. This was found experiment-
ally to yield the maximum radiated field with
minimum RMS battery current. A vital part "f any

cave radio eqlJipnent is a circ1Jit that will turn the
signal on and off to allow it to be discerned from
background noise, making it easier to initially
detect the signal. Of course, a key jack should be
included for morse code communication. Communi-
cation is not essential in surveying. Figure 1 is a
block diagram of the transmitter. While voice
communication has frequent I y been requested by
potential users, the morse code systems are more
efficient due to the narrow bandwidths of the
antennas at these frequencies. Ian Drummond and
others have built equipment s'Jitable for voice use.

ANTENNAS. !he transmitting antenna is an auto-
transformer with the driving current applied to a
low-impedancetap. A capacitor in parallel with the
main coil produces a resonant circ1Jit at the I)per-
ating frequency. The autotransformersteps up the
vol tage appl ied to the tap, based on the turns
ratio. The first antenna constructed was 400 turns

"f number 24 wire with a 20-inch diameter, resulting
in an inductance "f 188 mh wi th a Q of 77. An Ill"""
picofarad capacitor resonated the loop to 3495.6 Hz.

The ta~s were placed at 2, 4, 6, and 12 turns. The
4 and 6-turn taps were used with 5 and 6 volt bat-
teries while the l2-turn tap was used with 12-volt
batteries. This antenna was ca~able of producing
more than 1000 volts at its terminals. There was
some safety concern for both the caver and the
resonating capacitors. The Imderground transmit
antenna has a lower terminal voltage with higher
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C'JrrE'1ts, 'Jsing seventeen tOJrns of number 18 strand-
ed wire in a six-fo"t-diameter l""p. This l""p has

an indlJctance of 1 mho and a C of 11.5 at 3495.6 Hz.
A 2.0 microfarad capacitor is required for reson-
ance. A tap at two turns is used for 6-vol t opera-
tion. This flexible antenna is laid on a plastic
sheet placed on the cave floor. Rocks and gravel
are ~laced under the plastic sheet to obtain a level
loop as measured with a bubble level on a string.
Accurate leveling is essential; an error of one
degree would produce an error of over eight feet on
the surface at the 5e0-foot depth.

FREQUENCY. After rev iewing the 1 i terature, 3495.65
Hz was decided upon. While no one was using this
exact freqlJency, it is easily obtained by dividing a
TV c"lor-burst crystal (3.579545 MHz) by 1024. This
can be done with a single CMOS integrated circuit.
Cperatingfrequencyis a compromise between antenna
efficiency and attenuation due to the conductivity
of the 1imestone and soi1. The antennas have a
higher efficiency at higher freq'Jencies, while at-
tenuation increases with frequency. The optimum
frequency would thus vary with required range and
overburden conductivity. The author picked a fre-
quency near that which others had oJsed slJccessf'Jll Y.

RADIO RECEIVER. It was initially thoughtthat, for
the 516-footrange desired, a receiver consistingof
s impl e high-pass and band-pass f i 1 ters followed by
eno'Jgh gain to drive headph"Jnes would be adequate.
Testing with the transmitter in the basement showed
that the signal was very weak at 150 feet. Cave
radios work poorly in the city due to 60-Hz harm-
onics radiated by electrical wiring, and other man-
made noise sources. Greater range could have been
obtained away from city noise. The 150-foot range
was much less than required, since magnetic field
signal level reduces in ampl itude as a fOJnction of
the cube of the distance. The pr"Jblem with the
receiver just described is that high gain produces
feedback between the headphone output and the
receive antenna. Performancewould vary depending
on the relative positi"n of the receiver, antenna,
or headphones. Crystal-el ement headphones reduced
coupling to the antenna that would have occurred
with conventional magnetic headphones. A single-
conversion receiver was needed to distribute the
gain betweentwo frequenciesto reduce or eliminate
feedback. Frank Reid's design looked great but used
a specially-orderedelectronic tuning fork as well
as analog components that require careful al ignment.
A telephone conversation with Brian Pease turned up
an idea he had generated with one of his colleagues,
which was a digital commutator filter combined with
another commutator stage to resynthesize the signal
at a different frequency. This is just what was
needed; it simul taneously prov ided sing Ie conversion

and very small bandwidth (less than 30 Hz). The
frequencies to control the commutator filter and
commutator synthesizer are available in the crystal-
controlled transmitter. This type of filter is eas-
ily built with currently-available analog CMCS inte-
grated circuits. It was necessary to add another
board to accommodate the additional circuitry but
the results were immediately encouraging. It took a
few weeks of experiment to determine the appropriate
gain settings for each stage. !he resulting receiver

block diagram is shown in Figure 2. This receiver
provided good signal levels at 5~0-foot ranges in
the city. Far the frequency used, surface testing
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