ENNA GROUND

By Joseph J. Carr

topic of almost perennial discussion amongst shortwave

listeners, monitor buffs and amateur radio operators is the

antenna ground connection. A lot of silly things are done in
the name of antenna grounding; some of them work, some of them
don’t, and some of them are just plain dangerous.

Several examples pop to mind from my own thirty-plus years of
experience. First, I recall achap-—a Novice class ham operator—who
lived on the second story of a two-story frame house. He grounded his
transmitter and receiver through an 18-foot piece of #22 solid “hook-
up” wire. Besides the wire being too small and too long, the “lower
end” was ridiculous: it was soldered to a fork stuck into the ground
about one-half inch!

Another chap got a top flight electrical ground, but it was none the
less ridiculous. In my area, we call this particular ground “Abe’s
bathtub” because the fellow grounded his ham rig to a massive antique
copper bathtub buried six feet underground. Besides wasting a
perfectly good (and expensive) antique bathtub, it must’ve been
terribly hard to dig a hole large enough to bury it (groan).

Still another guy grounded the receiver to a pipe in the basement
of his house—the natural gas pipe! That kind of ground is not only not
very good from a radio point of view, but is dangerous and illegal!

My friend Dave was the chief engineer at a small AM radio station
that was erecting a new transmitter site and antenna tower. Noting that
there was no sod on the earth, he laid down a grid of copper wire for
hundreds of square meters around the tower. Each row and column of
the grid consisted of #10 bare copper wire, and the crossover points
between rows and columns were soldered with low resistance silver
solder. The entire grid was connected to the antenna tower’s ground
point. Then the sod company was called in to cover the earth. When

20 MONITORING TIMES May 1995

the power company came out, they found that Dave’s ground system
had a lower AC resistance than the ground they’d installed!

Only a few of us are rich enough to build “Dave’s Ground Grid,”
and few of us own antique copper bathtubs that we are willing to
sacrifice. Butit’s also true that many readers may not understand what
isa good ground. Inthis article we will look at some aspects of antenna
system grounds.

& Why Ground an Antenna?

There are two basic reasons to build a ground into the antenna
system: lightning and electrical protection and to make the radio
system work better. Lightning protection is necessary because anten-
nas sometimes get struck by lightning, and that can set a house on fire
or ruin your radio (rather spectacularly, incidentally). Lightning is not
“attracted” to the antenna just because it’s an antenna, but because it
is higher than other objects around (if a nearby tree is higher, then it
has a higher probability of a strike).

A ground does not provide absolute protection against lightning,
butitcan help. For some types of antenna, local electrical and building
codes require an appropriate ground for lightning protection. Also,
your homeowners’ insurance may require such protection in order to
keep the policy in effect, especially if local codes require it.

Electrical protection is necessary because radio receivers some-
times short out internally, and that can put 110 volt AC on the chassis.
If that happens, then the radio chassis becomes electrically “hot,” and
very dangerous (perhaps fatally so).

A “good ground” also makes radios work better under the right
circumstances, especially with long wire or random length wire
antennas (in fact, all so-called “Marconi” style antennas). Antenna
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FIGURE 1

Basic antenna ground system
using a lightning arrestor.
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and radio performance is improved if the
antenna system is provided with a good RF
ground.

Lightning grounds, electrical safety
grounds, and RF grounds are not necessarily
the same thing. For example, a lightning
ground that works through a lightning arres-
tor may be a reasonably good protector for
lightning, but is totally ineffective for RF or
electrical protection purposes. The ideais to
design a ground system that will work for all
three functions.

# Ground Wires

The ground wire, whether from the re-
ceiveror a lightning arrestor, should be made
of either aluminum or copper, and be as large
as possible. Aluminum clothesline is some-
times used, asis aluminum TV antenna ground
wire. Another popular form of ground wire is
to use multiple sections of #12 or #14 house
wiring connected in parallel at both ends. A
lot of people use heavy copper flat braided
wire, while others buy a roll of automotive
battery ground wire. Still others recycle the
outer braided shield of the larger size coaxial
cable for the ground wire (RG-8/U orRG-11/
U). The outer insulation, inner insulation,

nalonthe lightning
arrestor toa ground
rod driven into the ground.

The “innards” of a lightning arrestor are
shown in Fig. 2A. The antenna lead is repre-
sented by a center conductor (“A”), that is
separated from a pointed ground lug by a
small air gap. The air gap is an insulator at low
voltages, but when a high voltage lightning
strike comes along, the air in the gap ionizes
and creates a low resistance path to ground
(Fig. 2B).

Ground rods are available in 4-foot, 6-
foot, and 8-foot lengths. Although some are
copper, most are copperclad steel. For light-
ning protection purposes, the 4-foot and 6-
foot lengths are not the best choice. In fact,
most local electrical codes require 8-foot
lengths. For RF purposes, however, two or
three 4-foot rods separated by a few inches,
and shorted together above the surface with
heavy wire will suffice. However, keep in
mind that such an arrangement may not be
legal for lightning protection ... If you want
multiple ground rods, then drive several 8-
footers into the ground.

A somewhat better system is shown in
Fig. 3. On the rear panel of most modern
shortwave receivers are two connectors: a
coaxial connector for the antenna (ANT), and
a ground connection (GND). The latter is
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usually a machine screw and nut that is at-
tached to the metal chassis of the receiver.

On some receivers, especially older de-
signs, there will be a small phenolic or ce-
ramic strip (see inset to Fig. 3) with either two
or three screw terminal connections. If there
are twc screws, then one is for the single-wire
antenna lead, and the other is for the ground
connection. On three-wire types, there are
two for antennas (Al and A2) and one for
ground (G). If an unbalanced antenna is used
with the three wire type, a shorting wire is
connected between A2 and G.

The ground system in Fig. 3 uses two
ground wires. One goes from the ground
connection on the back of the receiver to the
ground rod, while the other goes from the
ground connection on the lightning arrestor
to the ground rod.

8 Switched Ground System

At one time, all ground systems for wire
antennas used a large knife switch to connect
the antenna to either the receiver or the ground
wire, as needed. The idea is to switch the
antenna to the ground side whenever a light-
ning storm approaches, or whenever the radio
is not attended for a period of time. Figure 4

FIGURE 2
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FIGURE 3

Dual ground system
for both RF
improvement and
lightning protection.
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(1/4 to 1/2 inch) to the base of the
antenna, forming a spark gap fora
lightning arrestor. This “arrestor”
is connected to the ground rod via
heavy wire. This system can be
used on either ground-mounted or
mast-mounted vertical antennas. In
fact, many commercial vertical an-
tennas have some similar systemin
place.

Another method is shown in
Fig. 6. This method provides both
an RF ground and a lightning pro-
tection ground. On vertical anten-
nas, the outer shield of the coaxial
cable transmission line forms the
ground connection to the receiver.
This shield should be grounded via
heavy wire to an 8-foot copperclad
ground rod that is legal under local

shows such a set-up. The nice thing is that
these old-fashioned switches are still avail-
able in some electrical or radio supply stores.

In the position shown (“A”), the knife
switch connects the antenna downlead to the
receiver lead; normal signal reception occurs.
But if the switch is flipped to “B,” then the
antenna downlead is connected to the ground
rod through a heavy ground wire.

Alightning arrestoris used in the line. Just
because the switch can connect the antenna
wire to the ground side does not mean that no
arrestor is needed. Besides the fact that the
switch can fail, there is always the possibility
that a surprise storm or a

codes.

Asecondary groundin Fig. 6 is
the quarter wavelength (A/4) radial; this is an
RF ground. Radials are #14 or #12 (or larger)
wire, cut to a quarter wavelength at a fre-
quency in the center of the band of interest. Of
course, fora wide frequency band, such asthe
high frequency shortwave bands, proper op-
eration requires a multiple radial system for
different frequencies a couple of megahertz
(MHz) apart. A general rule is to use at least
two radials on each frequency, but the real
situation is: the more the merrier. AM broad-
cast stations install upwards of 120 radials for
asingle frequency, but the engineering litera-
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ture shows decreasing effectiveness above 15
or 16 per frequency. For most SWL purposes,
two radials will work well.
The physical length of radials is found
from:
. 246
L'“‘ FMHz
Where: L is the length of the radial in feet,
and F is the frequency of resonance in mega-
hertz.

Example
What is the length of a radial cut for a
frequency of 9750 kHz (i.e. 9.75 MHz)?

lapse of memory will oc-
cur, and the switch will be
in the wrong position.

M Grounds for Vertical
Antennas and Towers

The ground systems
shown so far are used for
horizontal wire antennas,
and others. The transmis-
sion line ordownlead light-
ning arrestor can be used
for any type of antenna,
and indeed should always
be used. Vertical antennas
can be additionally pro-
tected, however.

Figure 5 shows a
method for providing a
subsidiary lightning arres-
tor for vertical antennas.
A stiff heavy duty wire, or
strip of sheet copper, is
placed in close proximity
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Radials can be installed either above

ground, or buried underground a few
inches. For the sake of safety, keep the
above-ground radials for mast-mounted
verticals only ...bury all others (you don’t
wantanyone tripping over the radial that is
installed only a few centimeters above the
ground, or buried in the grass).
If you are lucky enough to have a tower
system for your antenna, then you might
want touse a ground system suchas Fig. 7.
In this case, there are two or more 8-foot
ground rods connected to the base of the
metal tower through heavy wire. Your
local electrical code will most certainly
require at least one such ground rod, but
given the height of most towers it is prob-
ably asafer bet to use multiple ground rods
around the base of the tower.

22 MONITORING TIMES May 1995

wawnw americanradiohistory. com



www.americanradiohistory.com

& Conclusion

For an antenna to work at its optimum
peak performance. and yet still provide at

least reasonable protection against lightning
strikes and electrical failures in the receiver,
a proper ground system is needed. Following
these guidelines, you can improve your in-

tion by a long shot.

stallation on all of these points. No form of
protection is totally foolproof, or gives abso-
lute protection, but it’s better than no protec-

FIGURE 6

Radials and ground rods
complete the ground
system for a vertical
antenna.

Antenna

7*4 radial7

b Ground Rod
Ll

A

XX/

FIGURE 7

N/

X

\/

@

\/
A

Tower

@

Multiple ground
rods used with an
antenna tower adds
to the lightning
protection.

\/
A

X

(XX

A

\/

DK X

Ground rod Ground rod

The King of Scanners takes
this step-by-step, richly '
illustrated, bench manual
beyond everything ever 260

printed on scanner mods. Bill is format (lay-fiat

a perfectionist who will helpyou  pinding), $24.95
convert your scanner into precisely until 6/30/95,
Lwhat you've always wanted! then $29.95.

Norm Schrein

EMERGENCY RADIO!
214 pages, $14.95

Scanning News As It Happens
“Excellent...” Barry Gokiwater “A winner... 911 Magazne
“Rates a 10!"_‘D1'sgarc/1 ngqghe }"Irresis‘tihle"wB/l/ Cheek

N EW’ From The Leader in
a1 Computer Radio Monitoring

,lptroducingL ScanStar Commercial Edition!

S e

SCANNERS & Secret Frequencies Henry Eisenson

“Must reading.” Ekctronics Mow  “Useful, knowledgeable...” PopComm
"A giant undertaking...authoritative” Monitoring Times “You can't miss!” ASG

All features of the popular Professional Edition plus:

o Multi-radio scanning. Search/siave {handoff) and peer strategies.

© Use any combination of radio type or port. Port sharing for CI-V devices.

© GUl command center shows activity, history and status of channels in real fime.
Quickly reconfigure as the action unfolds!

o Priority system with 256 levels and selectable preemption.

o High resolution VGASVGA/S3 graphics modes: 640X480, 800X600 & 1024X763,

o Mouse support in all screens (text & GUl) for fast, easy operation.

© Independent scan windows allow simultaneous. scanning of two programs, 4 radios!

o Detail event logging for speclal applications, repeater usage recording. frequency
coordination, etc. Data format & sample C program included.

o 32 bit code for maximum performance on 386, 486 & Pentium processors,

Professional Edition features:

o Tone controlled scanning & logging with Optoelectionics 05456 & DC440.

o Scan multiple groups, banks and search ranges all at the same time!

© Spectrum analysis with hardcopy on R7100, RICCO, ARS000, NRDS35 and 0S456.

o Monitoring Assistant for easy logging while you explore the bands.

o Terminal window for INC, modem, decoder, efc.

o Background scanning allows you 1o perform other tasks while scanning.

© Most features selectable per-channel, including lockout, tape, delay time, dwell time,
sound squelch, PL & DPL tones, alamms for high priority channels and much more!

o File size limited only by computer memory - no preset imitst

o Comprehensive report printing and data logging

System Requirements:

IBM PC 386/486/586 with 4 MEG RAM, hard disk, VGA/SVGA, mouse, serial port(s), DOS 5/6 or

08/2 2.1/3.0. Cables and level converters not supplied. Windows and 286 not supported.

Supports These Radios & Tone Readers:
0S456, DC440, R7100, R7000, RP000, FRG9600, AR3000, NRDS35, NRDS25, R8, MR8100.

Plus shipping, handling and

state sales taxes. Call for
upgrade info. 30 day money
back guarantee. Call for

Commercial Edition $129”
Professional Edition $79” s gmmecaizaer

“Absolutely the best..” MNorm Schren 320 pages, $19.95

INDEX Publishing Group, Inc.  Firstbook $4 sh, 2 ea addl.

i ; CA add 7.75% tax
3368 Governor Drive, Suite 273M MOkheck via mail. or call

Credit cards: 800-546-6707

San Diego, CA 92122

Signal Intelligence
PO BOX 640891
San Jose CA 95164

1-408-926-5630

FREE DEMO COPY

Download from BBS, 2400-9600 N81, login as “guest"

May 1995 MONITORING TIMES

WWW._americanradiohistorv.com

1-408-258-6462 |

23


www.americanradiohistory.com

