Communications

A Ground
Communication System

Transmit and receive Morse code and voice signals
with this ‘‘clandestine’’ system that uses the earth as
the communication medium

By Joseph O’Connell

he technique of communi-

I cating through the earth was
used to great effect by the
French during WWI and amateur ra-
dio operators during WWII when
they were forced to leave the air.
Though through-ground communi-
cations came into existence as the re-
sult of armed conflict, it has peace-
time uses as well and, as a result,
never died out. Today, the primary
application of underground commu-
nication remains as a short-range
way to send and receive messages.

The very nature of the operation
lends an almost-clandestine flavor to
the hobby.

If you and a friend live within
about a quarter of a mile or so of each
other, you can communicate through
the earth. This method of communi-
cating does not use radio frequencies
and does not propagate through the
air as r-f does; thus, it requires no li-
cense and no expensive radio gear. In
fact, you probably already have all
the equipment needed to communi-
cate through the earth on hand. All
you need to do is to adapt it for this
exciting hobby.
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Setting Up a Station

To be able to communicate through
the earth, at least two stations must
be established. Furthermore, two
conductive paths are required to car-
ry voice or code signals between
stations.

One conductive path can be the
cold-water pipe at the station loca-
tion, assuming all stations are con-
nected to the municipal water-deliv-
ery system and are in common elec-
trical contact with each other. If you
livein an area where there is no muni-
cipal water system, you can still use
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this method of communicating, but
you will have to establish a good
ground system yourself. Later on, we
will give full details on how to go
about this.

The second conductive path is
formed by driving a metal stake into
the ground at each station’s location.
The conductive path then exists be-
tween the stations, through the earth.

A third conductive path can be
added to each station, in the form of
an extra stake driven into the ground
to eliminate the push-to-talk ar-
rangement encountered in simplex
communication techniques.

Shownin Fig. 1 is an illustration of
the simplest ground-communication
arrangement. This particular setup
offers the easiest way to try out this
communication technique. It uses
only a cold-water pipe for ground
and one additional stake.

When setting up a ground system,
you can use the cold-water pipe in
your home if it goes to a municipal
water-delivery system. If there is no
municipal water system in your com-
munity, you must drive a separate
stake to make the required ground
connection. If you must use a separ-
ate ground stake, drive it into the
ground so that it goes as deep and
touches as much earth as possible.
Typically, a 4-foot length of galvan-
ized steel pipe, rod or angle iron
should be minimum length for the
stake. Drive the stake all the way into
the ground with a heavy hammer.

For an even better ground, it is ad-
visable that you dig a hole and bury
some sheet metal or other conductive
materials at the bottom of the hole,
touching moist earth to provide a
large surface contact area. Thorough-
ly wet down the hole and refill it with
the removed soil. Solidly tamp down
the soil and saturate it with water.
Then drive the stake into the midst of
the buried conductive material to ob-
tain good electrical contact.

If you use a steel rod or pipe, be
sure to fasten a cross-piece to the top
of it, as shown in Fig. 2. This cross-
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Fig. 1. How to set up an earth station using a one ‘‘hot”’ stake approach.

piece has nothing to do with the com-
municating ability of the system.
Rather, it provides a convenient han-
dle for pulling up the stake if you re-
locate it in the event you encounter
buried rock or other obstacles that
cannot be penetrated while driving
the stake. Do not be surprised if you
have to make two or more tries at
driving the stake to have it go all the
way into the ground. In most loca-

Fig. 2. Be sure to provide some way to remove yo

tions, especially where the soil is
tightly packed and has a high clay
content, more than one try is to be
expected.

Locate the signal or ‘‘hot’’ stake as
far away from the cold-water pipe (or
stake) ground as possible. Consider
not only where the water pipe enters
your house from the municipal sup-
ply, but also how it runs out to the
pipe in the street. In addition, when

ur ground stake, like the cross-

piece shown at the top of the stake in this photo, in case it must be relocated.

—
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Fig. 3. Aerial view diagram of a typical suburban plot shows direction of strong-
est communication for two different “‘hot’ stake positions relative to the ground

used in the system.

using a cold-water pipe as a ground,
take into consideration your neigh-
bors’ cold-water pipes and treat them
in the same manner, since they are in
electrical contact with your own.
You also want the stake and water-
pipe ground arranged so that a line
connecting the two will be perpendi-
cular to an an imaginary line between
your and your friends’ houses. Fig-
ure 2 shows how the direction of
strongest communication depends on
the location of the stake and cold-
water pipe.

Check the quality of the ground
stake by measuring the impedance
between it and the water-pipe (or
stake) ground. The measured imped-
ance should be between 20 and 60
ohms at 1 kHz. The lower the imped-
ance figure, of course, the better the
ground. Measure the impedance in
both directions (that is, take a read-
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ing and then reverse the meter leads
to obtain a second reading) and take
the average of the two readings. This
two-reading cancels out the effect of
any direct current flowing between
the two grounds.

Owing to the fact that ground com-
munication is at low audio frequen-
cies, no fancy transmission line is re-
quired. You can run ordinary heavy-
duty speaker-type zip cord between
the “‘hot’’ stake and your house; like-
wise if you had to drive a separate
ground stake in lieu of using a cold-
water pipe as a ground. Because you
will be pumping 40 watts or more of
power into the earth, use at least 18-
gauge zip cord.

The line between the ‘‘hot’’ stake
and your house will be at nearly
ground potential and is not likely to
pick up interference, unless it passes
near a very powerful source of r-f or
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other electromagnetic radiation. If
you encounter excessive electrical in-
terference, use heavy-duty shielded
cable between the ‘‘hot’’ stake and
your house.

In addition to the stake(s) and
transmission line, you need a stereo
integrated amplifier and a few other
components to complete your sta-
tion, asillustrated in Fig. 1 and speci-
fied in the Bill of Materials. One am-
plifier channel is used to amplify the
output from a microphone for trans-
mission, the other to amplify the sig-
nal from the ground during reception.

The best amplifiers to use for
ground communication have separ-
ate left- and right-channel volume
controls that permit you to leave
transmission volume at maximum
while allowing you to adjust receive
volume as needed. In the absence of
separate volume controls, you can
use the balance and volume controls
to obtain roughly the same effect. Of
course, for maximum communica-
tion distance, use the most powerful
amplifier you can get your hands on.

Both transmission and reception
require impedance-matching trans-
formers. These increase communica-
tion range and isolate the electronic
equipment from the small dc current
that almost always flows between
earth grounds.

For reception, you must match the
low impedance of the ground to the
high input impedance of most ampli-
fiers. Use a transformer that offers
good fidelity, such as a small speaker
output transformer. Connect its 4- or
8-ohm secondary winding across the
tie points to the earth and its
1,000-ohm primary winding across
the input to the amplifier.

For transmission, the transformer
needed has less of an impedance dif-
ference to contend with. However,
this transformer must be able to safe-
ly handle the high output power of
the amplifier being used. Though a
transmit transformer is not absolute-
ly essential, it helps the amplifier de-
velop its full rated power into the
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Fig. 4. How to set up an earth station using two “*hot’’ stakes to provide simulta-
neous transmit/rec

higher impedance of the earth.

This author has had a great deal of
success using power transformers
with 50- to 70-volt secondary wind-
ings. With their 117-volt primaries,
such transformers offer an imped-
ance ratio of about 1:2, which is al-
most ideal for matching the 8-ohm

eive operation.

output of the amplifier to the 30-ohm
impedance of the earth. Regardless
of its secondary voltage rating, the
transformer must be able to safely
handle the power developed by the
amplifier. Any transformer with a
secondary current rating of 5 am-
peres or more should work. How-

20— R R ERTRE
-30
-40
-50 1
-eo/
70
-80

-90

‘—": eaﬁv@nh!ransfcm{er] | ‘

l—f justthe earth

-1
OPOO 1000

dBV (relative to transmitted voltage)

10000 100000

frequency (Hz)

Fig. 5. Frequency-response plots of the earth made during tests.
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ever, be sure you can connect an os-
cilloscope across the output while
you are transmitting so that you can
check to make sure the transformer is
not saturating on signal peaks.

So far, only the one ‘‘hot’’ stake
configuration has been discussed.
This approach requires a push-to-
talk switch that alternately connects
a single ‘“‘hot’’ stake between the
transmitting and receiving trans-
formers, as shown in Fig. 1. Without
this switch to disconnect the receiv-
ing section when you transmit, the
amplifier would be damaged or you
would get tremendous feedback.

Good switches for this application
are spdt microswitches that require
very little effort for switching and
have contacts that can safely carry
the full transmitting power devel-
oped by your amplifier. You can use
such a switch as-is or connect to it a
lever that is easier to press than is the
tiny button typically supplied on
these switches.

Use of separate transmit and re-
ceive “‘hot’” stakes allows you to
communicate without having to con-
stantly push a switch to talk and re-
lease it to listen. Such an arrange-
ment is illustrated in Fig. 4.

Having more than one ‘‘hot”
stake also allows you to orient your
stakes in relation to the water pipe to
permit you to transmit and receive in
different directions. The two stakes
shown in Fig. 3 have different opti-
mal directions for communication,
based on their positions in relation to
the water-pipe ground. Either stake
could be used with the one ‘‘hot”
stake method to communicate in its
own optimal direction. Alternative-
ly, both stakes could be used with the
two-stake method to communicate
with an earth station located straight
behind them.

You may be able to improve recep-
tion by installing tone controls or a
graphic equalizer in the receiving half
of the system. Even with just simple
bass and treble tone controls, it
should be possible to reduce much of
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BILL OF MATERIALS
Integrated stereo amplifier—Rated to
deliver 40 watts or more per channel
(see text)

Microphone—With table stand and
shielded output cable

Microphone Preamplifier—required
only if stereo amplifier does not have
a built-in microphone preamplifier
(see text)

Graphic Equalizer—useful for elimin-
ating hiss, 60-Hz hum and other noise
(optional—see text)

Speaker—to match the receive output
of amplifier

T1—Audio impedance-matching trans-
former (see text)

T2—S5-ampere or more power trans-
former with 50- to 70-volt secondary
(see text)

Stakes—Galvanized-steel rod, pipe or
angle iron (see text for number required)
Push-to-talk switch—Momentary-ac-
tion spdt microswitch with retrofitted
lever (required only for single ‘‘hot”
stake setup—see text)

Shielded cable—For reception side of
system only if transmission cable picks
up excessive electrical interference;
otherwise, use ordinary heavy-duty
speaker zip cord
Miscellaneous—Interconnects;
ware; solder; etc.

hard-
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AC MILLIVOLTMETER

TRANSMIT
STAKE
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RECEIVE
STAKE
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the 60-Hz hum and high-frequency
‘‘hash’’ that the receiving stake will
pick up, without compromising the
quality of the voice signal.

Notes on Range

Usable range with the methods dis-
cussed in this article can be from a
few hundred feet to a few miles. Ac-
tual range depends on so many fac-
tors that no accurate estimate can be
given for any specific location.
Range depends on type of soil, prox-
imity of water pipes to your stakes,
number of water pipes in a network
and other electrically grounded ob-
jects between stations, transmit pow-
er, size and type of earth stakes used,
and whether or not you use an equal-
izer to improve reception clarity.

Fig. 6. Arrangement author used to obtain plots shown in Fig. 5.

Range for Morse code transmis-
sion is considerably greater than for
voice. With code, intelligibility does
not suffer so much in the presence of
noise. Also, you can select a transmit
frequency that corresponds to a peak
in the frequency response of the earth.

Different frequencies travel far-
ther through the earth than do others,
asillustrated by the plotsin Fig. 5. To
obtain these plots, transmission of
audio frequencies was measured

through 162 feet of soil that was pre-
dominantly clay, using the setup
shown in Fig. 6. There was a water-
pipe ground between the two stakes
that acted as a partial short-circuit to
signals traveling between them.

The two plots in Fig. 6 show the re-
sponse as measured directly at the
stake and passing through a trans-
former. The slight high-frequency

(continued on page 76)
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Fig. 7. Schematic diagram of a simple build-it-yourself microphone preamplifier.
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A Ground Communication System (from page 20)

boost obtained was due to the trans-
former’s deviation from a flat re-
sponse. As the plot shows, loss is
minimal above about 3 kHz. Best re-
sponse was obtained at 7 kHz, mak-
ing this frequency ideal for Morse
code transmission.

Noise picked up by the receiving
stake in the test setup was at a
—63-dB level with a transformer and
at a —93-dB level without the
transformer. This yielded a S/N of
40 dB at 7 kHz, which would increase
with distance but could also be in-
creased with judicial use of tone con-
trols or an equalizer.

Microphone Preamplifier

Twenty and more years ago, almost

every audio amplifier and tape re-
corder used for high-fidelity repro-
duction came equipped with a built-
in microphone preamplifier. This is
no longer the case. If you have a fair-
ly recent amplifier that you want to
use for communicating through the
earth, chances are that it does not
have the requisite microphone inputs
built into it. If this is the case, you
must use an external preamplifier cir-
cuit between your microphone and
the input to your amplifier.

You can, of course, purchase a
commercial mike preamp and use it
with this system. However, since this
is a hobby pursuit (and perhaps you
want to make a minimal monetary in-
vestment in materials), you can build
a very good mike preamp using the
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schematic diagram shown in Fig. 7.
As you can see, this circuit is built
around two popular 741 operational
amplifiers (actually, any other op
amp will do if you have it on hand).
The support components are also
very low in cost.

Component layout for the Fig. 7
circuit is not critical, but it is a good
idea to locate the input and output at
opposite ends of the layout and to use
a shielded enclosure for the circuit.
The latter is because you want to
minimize the effects of induced hum

to an absolute minimum.
If you wish, you can design and

fabricate a printed-circuit board on
which to mount and wire together the
mike preamp ccomponents. Other-
wise, simply mount the components
on perforated board that has holes
on 0.1-inch centers with the aid of
Wire Wrap or soldering hardware
and use a point-to-point wiring tech-
nique to interconnect them. Which-
ever way you go, though, be sure to
use sockets for the ICs.

When you are finished assembling
the circuit-board assembly, house it
inside a small metal enclosure that
can accommodate it and a 9-volt bat-
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communicators is set up, you just
might find that ‘‘rag chewing”
through the earth can be every bit as
enjoyable and demanding a hobby as
amateur radio through the airwaves.
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