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When it comes to cutting
TV switching costs
- without cutting corners...
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COHU's got what it takes!

And that's everything you need —in stock —ready for immediate delivery from a single
source. Our modular, off-the-shelf approach to building solid-state switchers is thoroughly
proven in use. Cohu switchers now operating include one of the largest ever buiit—over
14 tons of solid-state gear accommodating 80 inputs and 160 outputs! Just shipped:
two identical vertical interval switching systems for Chicago’s newest UHF station.

We stock: monochrome/color switching matrix, switcher control and remote control units.
Stocked accessories include sync generators, genlock, color standard, colorlock, automatic
sync change-over switches, pulse and video distribution amplifiers, dot bar generators,
menitors and portable vidicon cameras. Control panels are custom-built to your specifi-
cations. Get full details direct or from your nearest Cohu engineering representative.

Box 623,
San Diego, Calif. 92112
Phone: 714277-6700

ELECTRONICS,INC

SEAN DIEGO CALIFORNIA
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-~ We'lldo

a month’s work
for you

Just send this page to CBS Labora-
tories. We will send Audimax and
Volumax to your station. If you want
to send them home after 30 days, we
will pay the freight. But if you want
to make your station their permanent
home, all you do is pay $665 each.

At the end of that period, chances
are you will be so sold on Audimax
and Volumax you will want to buy
them.

February, 1966

And you should. Afterall, they can
increase your program power 8 times.

Solid state Audimax is an auto-
matic level control years ahead of
the ordinary AGC. By automatically
controlling audio levels, it frees engi-
neers, cuts costs and boosts your
signal.

Volumax, also solid state, out-
modes conventional peak limiters by
controlling peaks automatically with-

Circle Item 3 on Tech Data Cord

out side effects. By expanding effec-
tive range and improving reception,
it brings in extra advertising revenue.

We can afford to give Audimax
and Volumax away free. Because we
know they’re so good, most pcople
can’t afford to give them back.

é## LABORATORIES
rf Stamford, Connecticut. A Division of

Columbia Broadcasting System: Inc.
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FAIRCHILD Model 750 — the only quality
3-speed, 16” turntable with —65 db rum-
ble, .03% wow and flutter, 3 speeds
easily selected, whisper soft operation,
cue pad provided, and minimal moving
parts for lang trouble-free performance.

FAIRCHILD Model 755 — a quality 2-speed
belt drive turntable which incorporates
extremely low rumble and imperceptable
wow and flutter, fast cueing, attractive
packaging and easy installation. Far supe-
rior to any other turntable at this or even
higher price.

[

FAIRCHILD EQUALIZED NAB PLAYBACK PRE-
AMP, Model 676A —a low noise silicon
transistor preamp for proper NAB playback
of records. Minimum controls assure con-
sistency of station quality. Available mono
— 676A; stereo — 676A-2 {pictured).
Write to FAIRCHILD — the pacemaker in profes-
sional audio products — for complete details.

FAIRCHILD

RECORDING EQUIPMENT CORPORATIO
10-40 45th Ave., Long Island City 1, N

N
Y.
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ENGINEER’S
EXCHANGE

Finding Momentary
Shorts in
Inductors

by Walter L. Johnson, Jr.

Chief Engineer, WGOL
Goldsboro, N.C.

and WELS Kingston, N.C.

Almost all broadcast engineers
have encountered a filter choke or
transformer that developed a short
to the core or metal case of the
inductor. Sometimes these shorts
occur only momentarily and are
quite difficult to locate—especially
when any one of several chokes
and transformers could be the
cause. Usually, the trouble is even
more exasperating because when
the short occurs it only ‘“kicks”
the transmitter off the air by throw-
ing an overload relay. This really
makes things bad if the relay is
not of the reset type and the station
is remote controlled.

We recently encountered such a
problem at one of our stations. The
transmitter would operate perfectly;
then suddenly it would leave the air.
Sometimes we could restore power
simply by operating the plate “on”
switch. Sometimes we would have
to wait a few minutes before the
plate would stay on. We made all
kinds of tests but could find no
cause of the problem. The condition
continued for several days: some-
times the transmitter would stay on
all day; sometimes it would leave
the air only once in a day; other
times it would go off as many as
four or five times. We even went
so far as to spend a couple of days
in the shack watching the transmit-
ter. When the transmitter would go
off, no amount of testing would
show any cause; furthermore, press-
ing the plate switch would instantly
return the station to the air with no
indication of any trouble.

During all our testing, we were
able to eliminate practically every-
thing except the filter chokes and
some of the transformers. Since it

@ Please turn to page 50

OVER 200 BASIC JACKS

ONE BASIC QUALITY

£

! 4 @
EXCELLENCE

SWITCHCRAFT
PHONE “JAX"

Keep this one time-saving fact in mind:
SWITCHCRAFT MAKES OVER 200
DIFFERENT PHONE JACKS, ALL OF
INCOMPARABLY UNIFORM AND HIGH
QUALITY, AT NO HIGHER COST THAN
THE SECOND BEST JACKS. Period! New
enclosed molded jacks . . . Tini-D and
Hi-D Jax . . . phone jacks, Tini-Jax,
Micro-Jax, Littel-Jax, Twin-Jax, Exten-
sion Jax, short and long frame Tele-
phone-type Jax, Shielded Jax, Mil-types,
2-conductor or 3-conductor, stereo,
bushing, P.C. board, rivet or jack panel
mounting, thick panel jacks ¥%” or %”
bushing lengths, .2085”, .250 or .210”
bushing diameters, insulated or non-
insulated jack sleeves . . . and more
switching circuits available than any
other commercial jacks on the market!
Each is 100% quality inspected and

hand adjusted prior to shipment. You
name it—chances are it's "from stock,”
and listed in the incomparable line of
Switchcraft Jacks.

SEND FOR CATALOGS J-101 and J-103
or see your Switchcraft Authorized
Industrial Distributor for immediate
delivery at factory prices.

SM\TUACR RNt

5535 North Elston Avenue
Chicago, lllinois 60630

Canada: Atlas Radio Corp., Ltd.
50 Wingold Ave., Toronto, Ontario
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New E-V Model 668 Dynamic
Gardioid Boom Microphone

with built-in
programming panel!

@ It's just like having 36 micro-
> phones in one, at the end of your
boom! Simply match the computer-style
programming pins td> the color-coded
jack field inside the mnew E-V668. You’ll
get any combination of flat response
(40 to 12,000 cps), bass and/or treble
rolloff, treble rise, arnd 80 or 8,000 cps
cutoff. The 668 built- n passive equalizer
matches response to need precisely with-
out loss in output level—mixes perfectly
with any other microphone.

The 668 cardioid patternis symmetrical
in every plane with excellent rear cancel-
lation at every program setting. Two inde-
pendent Continuously Variable-D*systems
provide this uniformity, yet permit high
output (—51 dbm) for distant pickup
withoutadded equipmznt or special cables.

Light in weight and small in size, the
668 with integral Acoustifoam™ wind-
screen and shock mount minimizes shadow
problems while allowing noise-free fast
panning, indoors and out. Its 1 lb., 11 oz.
weight eliminates “‘fishpole fatigue” and
counterbalancing prooslems.

The668is guaranteed UNCONDITION-
ALLY against malfunction of any kind—
even if caused by accident or abuse—for
two years. And, like gll E-V Professional
microphones, it’s guaranteed for life
against failure of matzrials or workman-
ship.

The E-V 668 is the result of a three year
intensive field testing program in movie
and TV studios from coast to coast. It has
proved itself superior to every other boom
microphone available. Find out why with
anocost, no obligatior trial in your studio.
Call your E-V Professional microphone
distributor today, or write us direct for
complete specifications.
NEWI MODEL 667A identical to WModel 668 except sharp cutoff
filters and HF-rolloff eliminated. L st price: Model 667A, $345.00;
Model 668, $495.00 (less normal trade discounts).
* Patent No. 3115207 covers the ezclusive E-V

Continuously Variable-D desigr .

ELECTRO-VOICE, INC., Dept. 261V
638 Cecil Street, Buchanan, Michigan 49107

® ®
y (a4
SETTING NEW STANDARDS IN SOUND
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Guaranteed for 5 years!

SUPERIOR COAXIAL CABLES
Guarantee the CSR in any CATV system!

@ Full Spectrum C apability
@ Long-term transmission S tability
© Outside plant Reliability

Quality-controlled from raw materials with Coppergard offer you performance un-
through every critical phase in the manufac- matched by any other cable! For aerial or
turing process, SUPERIOR Coaxial Cables direct burial use, buy SUPERIOR!

mFor Aerial Plant
SUPERIOR

Cell-O-Air®
“Cell-O-Air”’

4920 | 0.75 0.93 1.09 1.41 1.57 expanded COAX|AL CABLE

|
4930 | 0.58 | 0.68 080 | 1.07 | 1.20 P‘:’?eelg“:{:‘i’:e Every Reel Sweep-tested
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Guaranteed Maximum Attenuation db/100’ at 68° F -

Ch. 2 Ch. 6 108 mec. | Ch. 7 | Ch. 13

R s et
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~  SUPERIOR

"Solid-D”

@

Guaranteed Maximum Attenuation db/100’ at 68° F

Ch.2 | Ch. 6 | 108 mc. | Ch. 7| Ch. 13
“Solid-D’’

6020 | 0.74 0.91 1.05 1.38 155 | solid COAXIAL CABLE

Every Reel Sweep-tested
over tts full length

I 6030 | 056 | 0.67 079 | 105 | 119 polyethylene
dielectric

113
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If you use 400 feet of RG8U coax between transmit-
ter and antenna, your 1 kW AM transmitter using a
pair of 4-400A’s has to work harder to generate 1200
watts so you'll have 1 k'W at the antenna base. That's
marginal operation. There's no need for marginal
operation with EIMAC's new 5-500A power pentodes.
Funning well within ratings, this inexpensive new
500 watt tube is ideal for retrofit in 1 kW AM trans-
milters: just change the filament transformer and re-
adjust bias and screen voltage. The 5-500A features
a balanced filament which comfortably exceeds FCC
hum and noise specifications. As a linear amplifier,
the 5-500A will provide a two-tone signal with third
order products of —39 db at 450 watts PEP, or —32 db
at 600 watts PEP. Write Power Grid Product Manager
for details or contact your local EIMAC distributor.

introduces 5-500A pentode
for retrofit into 1 kW
AM transmitters

5-500A CHARACTERISTICS CHART

| Maximum Ratings Plate Modulated

Radio Frequency Amplifier
| DC Plate Voltage
' DC Plate Current

Typical Operation (Carrier Conditions)

3200
340 mA

DC Plate Voltage 2700 v
DC Screen Voltage 475 v
DC Plate Current 280 mA
Carrier Power 600 W

EIMAC , -
Division of Varian W
San Carlos, California 94070 ®
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PRO|] Antennas

for Proven Performance
THROUGHOUT THE WORLD!

—te i)

‘ p - ’ p ol 2
REYKJAVIK, ICELAND HONOLULU, HAWALII ALEPPO, SYRIA
U.S. Navy Communications KTRG-TV (VHF) Troposcatter (VHF)

H
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MODESTO, CALIFORNIA VERA CRUZ, MEXICO TERRANCE, BC.
KLOC-TV (UHF) XHAH-TV, XHAI-TV CFTK-TV (VHF)
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o4, i
I- "
g
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CHOTISE JAPAN b
U.S. Air Force (UHF) OKINAWA

Forces Radio-TV

S A A + i
JAMPRO HAS PROVEN PERFORMANCES eee MONTS%\/I[ F%NADA

I S3*GOUNTHIES WHEREVER YOU ARE: WIRE, PHONE, OR WRITE:

AZORES GREENLAND PHILIPPINES

BRAZIL GUAM PUERTO RICO

CANADA IRAN SAUDI ARABIA J A M
CHILE JAPAN SPAIN

COLUMBIA KOREA SYRIA

COSTA RICA LIBYA THAILAND
CUBA MEXICO UGANDA ANTEN NA COM PANY
DOMINICAN NETHERLANDS usa

REPUBLIC NIGERIA VENEZUELA

ECUADOR OKINAWA VIRGIN 6939 POWER INN ROAD SACRAMENTO. CALIFORNIA
e LN WEST CERMANY PHONE: AREA CODE 916 422-1177
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STATION-BREAK
AUTOMATION
FOR TELEVISION

Commercial television broadcast-
ing generally follows a format in
which programs are separated into
half-hour or one-hour segments.
During the break periods between
segments the station is identified.
Also during these periods, local ad-
vertisers have an opportunity to ad-
vertise their products. This is espe-
cially true for network-affiliated sta-
tions which utilize mostly national
programming that is nationally spon-
sored.

Local advertisers have the same
right to television exposure as do
national concerns, and they are
eager to buy time. The normal time
allotted by a network for station ad-
vertising breaks is about 70 seconds.
In an effort to accommodate more
local sponsors, the station often sub-
divides this time interval into 10-
and 20-second announcements. The
result has been to place much work
and pressure upon station operating
personnel during these short periods
known as the “panic periods.”

Panic periods they are! Not only
is money involved (station reve-
nue), but station prestige is at stake.
A commercial announcement that is
“goofed” will require a make-good
—if possible. Moreover, an irate
sponsor may cancel his schedule
completely, and reverberations are
felt at all levels of station operation.
Station prestige requires that locally
produced announcements should be
as well produced as network pro-
grams and commercial.

At network TV stations, there is
relative inactivity between break
periods. When the break com-
mences, however, a myriad of split-
second switching actions must be
accomplished perfectly, and there is
always another unrelenting deadline
approaching. At the independent

February, 1966

station, the panic period can be even
more demanding; the personnel
must close one locally produced
show, handle the break period, -and
begin another locally produced
show. This can multiply switching
operations tremendously!

Most stations can derive bene-
fits from the use of automation dur-
ing panic periods in proportion to
the amount of commercial content
aired, the time of day, and the com-
plexity of the station operation. Of
course, a station which carries net-
work programs, switches away for a
local public-service announcement
and ID, then switches back to the
network will not be justified in the
purchase of an expensive automa-
tion system for this simple sequence.

Degrees of Automation

General broadcast  automation
can be divided into four categories:

by Patrick S. Finnegan, Consulting Author,
Chief Engineer, WLBC AM-TV, WMUN FM,
Muncie, Indiana—There are ways to

eliminate the “panic period.”

simple, intermediate, full, and total
automation. The same definitions
can be applied to panic-period auto-
mation because many of the present-
day systems, although used for the
panic period, are capable of expan-
sion to more complex station auto-
mation system.

Simple automation is defined as
use of those items of equipment that
are arranged to do simple or single
operations by themselves or can be
run by remote control. Every station
uses this form of automation in
various places, such as with slide
and film projectors or audio car-
tridge-tape machines.

Intermediate automation is de-
fined as use of equipment that acti-
vates other equipment, either in
sequence or concurrently. This over-
all program operation for the most
part is manual. Various home-de-
signed systems and complex systems

ON-AIR PROGRAM EQUIPMENT

o} -
2 [ e
2%
a 1
K i A
s 3 i |
P I i
| |
| |
I |
I I
) T i i
1 1 | |
! | 1 )
t | [ . Y 1
| () 1 T |
i : | AUDIO AND VIDEO |
l i i TO SWITCHER |
R R S L.____I, ___________ e e R e i e -}
i
I
i
! AUDIO/V IDEO
PULSES SENT TO CONTROL b e e o SWITCHER
FOR PROPER ACTION | CONTROL PULSES SENT
AND DISTRIBUTION 4 TO EACH PROGRAM UNIT l
i
PROGRAMMER -+ g?gTTFO‘LL AUDIO AND VIDEO
T0  TRANSMITTER

Fig. 1. Automation system’s three sections: programmer, control, on-air equipment.



RELAY IN
AUDIO SWITCHER
==

i}

I NEW RELAY ADDED

p 3VA—C~> 6.3V AC
24V DC . TALLY-LIGHT
RELAY l RELAY COIL  VOLTAGE IN
coIL . VIDEO

CRN SWITCHER
-24V DC i
AOLA0E SWITC

AUDIO-SWITCHER  CONTACTS ON
RELAY VOLTAGE ~ v|DEO SWITCHER

Fig. 2. Diagram shows use of a relay
for voltage conversion between systems.

used only for the break period fall
into this category. Such systems are
by far the most numerous in use to-
day.

Full automation can be defined as
a system which controls the com-
plete day’s programming, separately
but automatically, requiring little at-
tention.

Total automation carries full
automation into all departments,
such as traffic, accounting, schedu-
ling, etc.; all station functions are
tied into one integrated system.

System Requirements

Regardless of the type of system
a station wishes to build or buy,
there are certain basic requirements
that should be met in order to reach
the final objective of effective pro-
gramming.

Manuval Take-Over

Since no system or any of its
parts is perfect, failures do occur.
These failures may be caused by
faulty equipment components or
human error such as supplying in-
correct information into the pro-
grammer. Any system sets up circuit
and switching paths according to the

TRIGGER o7, CONTACTS
CURRENT  ( !
CAN PASS [V} TRiceR
INTHIS A 4 7 RELAY
DIRECTION
— +200 DC
+24V DC t,,!_‘

,‘>
BTN L " HOLDING CURRENT

' ! CANNOT FEED BACK

RELAY COILS) INTO TRIGGER CIRCUIT

A Y

/8N conTACTS ON
-2y DC 4_—'\«>J JSTOP RELAY CIRCUIT
\__/

Fig. 3. Diode serves as gate to keep
equipment voltage from trigger bus.

12

information supplied to its control
center. It cannot, for example, dis-
tinguish the incorrect slide that an
operator may have loaded into the
slide projector. Any system, there-
fore, must be capable of instant
take-over by the operator.

Last-Minute Changes

This requirement is important for
those systems which control longer
segments of TV programs. For ex-
ample, suppose two hours of pro-
gramming have been prepared, but
a few minutes before air time, a spot
is to be cancelled or changed. The
operator should be able to make the
change easily and simply, then run
the period automatically.

Equipment Capability

The “on-air” equipment must be
capable of being operated auto-
matically and should be compatible
with other equipment in the system.
Most present-day equipment will
meet this requirement, but care
must be exercised when trying to in-
corporate older equipment with
new. Some older film projectors, for
example, require five to seven sec-
onds to stabilize. If the system does
not permit this long a preroll, the
projector will be aired in its un-
stabilized mode with poor “on-air”
quality. Another compatibility prob-
lem can arise in start and running
methods. Older methods may re-
quire a switch or relay to be turned
on and remain on until it is desired
to stop the item of equipment. Many
present-day models require only a
momentary DC voltage pulse to
start and another similar pulse to
stop the equipment. The two types
of equipment cannot be used to-
gether successfully in a system with-
out modification of the older equip-
ment. Almost all equipment that
requires a manual, mechanical start
will not work in an automation sys-
tem, without extensive changes.

Switcher

Both video and audio switchers
must be relay, crossbar, or solid-
statc types. Many older switchers
are the direct type; that is, the push
button on the console carries the
video (audio), as well as other volt-
ages, directly through its contacts.
Such switchers, although they can

be adapted to perform a number of
simple automation functions, cannot
be used in a more complex sys-
tem without extensive modification.
These modifications, in effect, con-
vert them to relay switchers.

Timing or Clock System

Any system must either be run by
a clocktiming device or be se-
quenced from one piece of equip-
ment to the next. The timers may
be independent clock systems or
synchronized to the station clock.
A sequencing system requires that
pulses be sent back from each item
of air equipment when it completes
airing its portion of the sequence.
This pulse starts the next equipment
item.

Readouts and Indicators

A readout system is a most de-
sirable feature. This system helps
the control operator to know exact-
ly what is going on and at what time
in relation to the other events in
the same period. Otherwise, he
would be required to watch a clock
constantly and keep track of times
to insure that each event is occurring
as scheduled.

Indicators are also an important
feature in that they indicate to the
operator what is on the air, what is
in preroll or run-out, and if an event
is ready for use. There will be times
during any period when three dif-
ferent machines may be in some
phase of operation at once. The
operator must know, for example,
whether a machine is in run-out or
has simply failed to stop. Other-
wise, it could run past the next item
that may be on the same tape or reel
of film. Also, some warning is need-
ed when a machine is not in the
proper mode to run when called.
This could happen if an operator
inadvertently failed to switch the
control circuits back to the remote
mode after loading a film projector.

Programmer

Simple systems require only preset
switches to be properly set before-
hand. More complex systems, how-
ever, require that some type of pro-
grammer be used. The programmer
sets up the switching and routing
paths that will be required once the
operation is begun. Programmers

BROADCAST ENGINEERING




may be simple, such as pin boards,
or complex, such as the computer
punched-tape readers.

Systems

The complex automation systems,
whether used for panic-period or
full-day automation, are made up of
three sections: the on-air station
equipment, control section, and
programmer or computer section.
(See Fig. 1).

The on-air equipment is the
normal station program equipment:
VTR’s, film and slide projectors,
etc. Such equipment must be stable,
reliable, adaptable to remote con-
trol, and capable of supplying cuing
pulses to other cquipment, stopping,
and cuing itself as may be required
by the system in use.

The control section routes pulses
to the audio and video switchers,
sets up circuit paths, and sends
start/stop pulses to the on-air equip-
ment, controlling operation.

The programmer or computer ac-
cepts information from the control
operator, punched paper tape, or
punched cards. At the appropriate
times, it sends pulses to the control
section as system operation com-
mences. Some of the sophisticated
systems have a solid-state vidco and
audio switcher integrated into the
programmer.

Hardware

Many stations have built a num-
ber of circuits and modified equip-
ment to provide a variety of simple
switching functions. These are gen-
erally of the preset and audio-fol-
low-video variety. Some have also
built very extensive, complex sys-
tems. With a little imagination and
a few relays, the station engineer
can devise many automatic func-
tions with his existing equipment to
make it more versatile.

An cxample is a simple arrange-
ment to handle a commercial an-
nouncement requiring several slides
with accompanying audio. This can
be an effective presentation. Opera-
tion is as follows: The videco-
switcher button is operated to air
the slide camera. A control pulse
from the switcher, which may be a
DC voltage pulse, tally-light voltage,
or blanking pulse from the station
sync generator (or some type of
trigger) is supplied to switch the
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program channel of the audio tape
machine on and trip the cartridge
to run. As the presentation proceeds,
tones on the auxiliary track of the
tape provide a switch impulse to the
slide projector, which in turn
changes slides.

When working with older equip-
ment and picking up some voltage
source for a trigger, exercise care to
keep voltages compatible. (See Fig.
2). It is possible to encounter a 6.3-
volt AC tally and 24-volt DC audio-
relay voltage. It is necessary to use
a relay for “voltage conversion” in
such circumstances. The 6.3 volts
AC from the video switcher oper-
ates the coil of a new relay whose
contacts in turn carry the audio-re-
lay voltage.

A silicon diode can be used ef-
fectively as a DC gate in “home-
made” systems (Fig. 3). One may
have an item of equipment which
requires only a momentary contact
or DC pulse to trip the equipment
on. To isolate the trigger circuit
from the equipment-voltage circuit,
the simple diode gate may be used.
In the diagram, DC is fed through
the start-circuit contacts, the relay
coil, and the stop button to its re-
turn path. This will cause the relay
to operate, closing a set of normally
open contacts; these contacts supply
DC to the coil to keep it energized
as long as the stop circuit is closed.
When the stop circuit is opened, the
coil will relax and cannot be ener-
gized until the next pulse triggers it
on. The diode must be placed in
the circuit correctly to be effective.
The forward, or low, resistance must

+24V DC "
SUPPLY
)
]
500 !
1000mfd | MOMENTARY
‘l‘ +24v DC PULSE
-2V DC
TO MOMENTARY 24V DC

START CIRCUIT
OF EQUIPMENT
TO BE STARTED

Fig. 4. A charged capacitor can be used
to provide a momentary starting pulse.

face the trigger pulse, while the
back, or high resistance must face
the holding voltage. Both the start
and stop switches may be contacts
of other relays.

A capacitor may be used to pro-
vide a momentary voltage pulse to
start some item of equipment (Fig.
4). A situation could develop in
which a spare set of contacts is
available on a relay that will re-
main on for a longer period of time
than the particular machine to be
started. A capacitor can be charged
while the relay is de-energized.
When the relay operates, the charge
in the capacitor is dumped into the
start circuit. A large value of ca-
pacitance should be used; a small
series resistance is necessary to limit
the surge on the power supply when
charging begins. If the resistor is
too large in value, the discharge will
be too slow, and the circuit will not
work. The values listed will work
satisfactorily.

® Please turn to page 46
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DC BUS TRIGGER DC BUS
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FROM SYNC GEN

TRIGGER PULSES
TO TALLY LIGHTS
& OTHER CIRCUITS

Fig. 5. Comparison between operation of direct and solid-state video switchers.
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FM OVERMODULATION
AND THE FCC

There seem to be more and more
reports of FM stations bcing cited
for overmodulation and improper
operation, particularly when em-
ploying stereo modulation. There-
fore, it may be helpful to review
briefly what the process of frequency
modulation is.

The FM Process

First, by definition FM is a pro-
cess in which the RF amplitude is
held constant and the output fre-
quency of the transmitter is made to
vary about the “carrier” or “rest”
frequency at a rate corresponding to
the audio frequency of the modula-
ting signal. The extent to which the
frequency varies from the carrier or
rest frequency is proportional to the

amplitude of the modulating signal.

The FCC defines 100% modulation
(see Section 73.310 [a]) as: “‘a fre-
quency swing of plus or minus

YUY

CARRIER

PN 7N

Moo\-/TONE

Fig. 1.
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75kc.” Thus the ratio of the actual
frequency swing to the frequency
swing defined as 100%, expressed
in percentage, is called the percent
modulation.

It is also valuable to define a few
other common FM terms. For ex-
ample, the center frequency (rest
frequency) is the frequency of the
emitted wave without modulation.
Deviation is the number of cycles
per second that the FM signal
changes above or below the carrier
frequency. The frequency swing,
then, is the sum of the cycles per
second above and below the carrier
frequency, and the rate of change is
the number of times per second the
swing goes above and below the rest
frequency.

Fig. 1 shows a comparison be-
tween an RF carrier amplitude mod-
ulated by a sinc-wave audio volt-
age and a carrier frequency modu-
lated by the same audio wave. In

YWY

CARRIER

ANET o
MOD\/TONE

RESULT

Comparison of the effects of two types of modulation on carrier wave.

by Robert A. Jones, Midwestern Regional
Editor, LaGrange, Hll.—Understanding what
overmodulation is can help you prevent it.

amplitude modulation, the resultant
RF modulated wave varies about
the zero axis at a constant rate, but
the amplitude of the individual RF
cycles is proportional to the ampli-
tude of the modulation voltage. In
frequency modulation, the same
modulating voltage, of one polarity,
causes the carrier frequency to de-
crease, illustrated by the fact that
the individual RF cycles of the car-
rier are spaced farther apart. A
modulating voltage of the opposite
polarity causes the frequency to in-
crease, as shown by the RF cycles
being squeezed together — more
cycles are completed in a given time
interval.

A common characteristic of FM
and AM waves is that both types of
modulation result in distortion of
the RF carrier. That is, after modu-
lation the RF cycles are no longer
sine waves (sec top of Fig. 1), as
they would be if no frequencies
other than the fundamental carrier
frequency were present. It may be
shown that in the AM waves illus-
trated in Fig. 1, there are only two
additional frequencies present; these
are the familiar “side frequencies,”
one located on each side of the car-
rier and spaced from the carrier by
a frequency interval equal to the
modulation frequency (Fig. 2). The
amplitude of the sidebands varies
with percent modulation, but the
carrier does not.

The frequency-modulated carrier
wave in Fig. 1 is also distorted, but
in this case, many more than two
additional frequencies are formed.
The first two are spaced from the
carrier by the modulation frequency.
The additional side frequencies are
spaced outward from these and from
each other by the same interval.
Theoretically, there are an infinite
number of side frequencies formed,
but, fortunately, the strength of
those beyond the frequency swing of
the transmitter under modulation is
relatively low.

BROADCAST ENGINEERING



One possible set of side frequen-
cies that might be formed by fre-
quency modulation is shown in Fig.
2. Unlike in AM, the strength of the
carrier- frequency component varies
widely in FM, and it may even dis-
appear entirely under certain con-
ditions. This variation of carrier-
component strength is very useful
in the calibration of FM modulation
monitors.!

As defined above, deviation is the
amount of frequency swing on each
side of the unmodulated or “rest-
ing” carrier frequency. Deviation is
ordinarily measured in kilocycles,
and in a properly operating FM
transmitter it will be directly pro-
portional to the amplitude of the
modulating signal. When a symmet-
rical modulating signal is applied,
equal deviation on each side of the
carrier frequency is obtained during
cach cycle of the modulating signal.
If a transmitter operating on 1000kc
has a frequency shift from 1000kc
to 1010ke, back to 1000kc, then to
990ke, and again back to 1000kc
during one cycle of the modulating
wave, the deviation is 10kc and the
frequency swing is 20kc. This 10-kc
deviation can be (and normally is)
produced in commercial FM broad-
casting by some audio tone of less
than 10kc. By definition, the ratio
of the deviation to the audio mod-
ulating frequency is the modulation
index. If in the above example the
audio tone were 2kc, then the mod-
ulation index would be 5, since the
deviation (10kc) is 5 times the
modulating frequency (2kc).

The relative strengths of the FM
carrier and the various side fre-
quencies depend directly on the
modulation index, and these relative
strengths vary widely as the modula-
tion index is varied. In the preced-
ing example, for instance, side fre-
quencies occur on the high side of
1000kc at 1002, 1004, 1006, 1008,
1010, 1012 ke, etc., and on the
low-frequency side at 998, 996, 994,
992,990, 988 kc, etc. In proportion
to the unmodulated carrier strength
(100% ), these side frequencies
have the following strengths, as in-
dicated in Fig. 2, with a modula-
tion index of 5:

1002 and 998—33%

1004 and 996—5%

““Calibration of AM & FM Modulation Moni-

tors,” Nov. 1964 BE, page 12.
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Fig. 2. The sideband composition varies greatly with the method of modulation.

1006 and 994-—339,
1008 and 992—399%
1010 and 990—26%
1012 and 988—13%

The carrier strength (1000kc) is
18% of its unmodulated value.
Changing the amplitude of the mod-
ulating signal will change the devia-
tion; thus the modulation index will
be changed, with the result that the
side frequencies, while still located
in the same places, will have strength
values widely different from those
given above.

The deviation ratio is similar to
the modulation index in that it in-
volves a ratio between the modula-
ting frequency and deviation. In
this case, however, the deviation in
question is the peak frequency shift
obtained under full modulation, and
the audio frequency to be consid-
ered is the highest audio frequency
to be transmitted. Thus, for com-
mercial FM broadcasting stations,
a maximum audio frequency of
15,000cps to be transmitted requires

.l

|

a deviation ratio of 5 for a peak
deviation of 75,000cps.

Determining Percent Modulation

By employing a somewhat com-
plex equation involving Bessel func-
tions, the amplitude in each side
frequency and the carrier can be
computed. Fig. 3 shows what hap-
pens to an RF carrier that is fre-
quency modulated by a constant
audio-frequency tone, but with dif-
ferent modulation levels. The mod-
ulation index is shown to the left
of each spectrum diagram. For a
modulating index of zero (upper left
diagram) there is only the carrier,
with no sidebands. It is of interest
to compare the diagrams in Fig. 3.
As one can see, with increasing
modulation indexes (level of audio
tone applied), the carrier amplitude
changes drastically, and the number
of side frequencies increases. With
a modulation index of 2.4, the car-
rier is absent. This then would be

the first carrier zero point and is
® Please turn to page 42
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Fig. 3. The carrier amplitude decreases to zero for certain modulation indexes.
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CENTRAL CANADA

BROADCASTERS'

by Len Spencer,

CONVENTION

L to r are G, Roach, eastern zome cap-
tain; L, Gilbeau, past chairmen; N, Farr,
chairman; H. Graves, papers chairman,

Relay racks in the new equipment room at radio station CFRB.
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Another well attended Central
Canada Broadcasters’ Engineering
Convention was held in Montreal
last October. Mr. Norman Farr and
his associates are to be congratu-
lated on the papers presented, and
a special nod of recognition is due
Mr. E. Mott and R. Causeland for
arranging the many details includ-
ing the entertainment provided at
the closing banquet.

One of the outstanding papers
was presented by Mr. Clive East-
wood, engineering director for sta-
tion CFRB, Toronto, who described
the station’s newly completed AM
and FM studio complex. Eleven stu-
dios, news room equipped with wea-
ther radar, both AM and FM record
libraries, and all ancillary services
including the administration offices
are installed on one 20,000-square-
foot floor.

wwWw.americanradiohistorv.com

Turntables, tape equipment, audio console in CFRB control room.

BE Consulting Author, Montreal, Quebec

The salient feature of this in-
stallation is the elimination of all
racks and jack bays from studio
control rooms. Amplifiers are built
into the equipment, and all switch-
ing of the 50 line inputs into each
control studio is made by relays. A
control-desk switcher is installed in
each studio control rcom.

W. C. Marchand, of CKLB,
Oshawa, Ontario, describzd an eco-
® Please turn to page 40
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A BE Special Feature

REMOVING THE MYSTERY

FROM GROUNDING

by Thomas R. Haskett-

Central Regional Editor

A thorough coverage of all aspects of grounding applicable to broadcasting.

The process of grounding is not
always clearly understood by broad-
cast engineers. Very little literature
exists which thoroughly describes
grounding procedures from more
than a single, limited viewpoint. To
an electrician, grounding means one
thing; to a designer of radar equip-
ment, it means quite another. We
will attempt here to cover the theory
and practice of grounding as em-
ployed in broadcast stations.

Fig. 1 shows four common ground

symbols found in schematic dia-
grams. The general symbol for

ground is shown in Fig. 1A. Oc-
casionally this symbol is used to re-

vB_L

iy

=+
A

2

Fig. 1. Schematic symbols for ground.
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fer to a physical connection to the
carth itself; in most cases it refers
simply to the chassis frame. Two
European ground symbols are illus-
trated in Fig. 1B. Some audio cir-
cuits use a ground bus which is phys-
ically insulated from the chassis, and
the symbol for this is shown in Fig.
1C. Such a bus may or may not be
connected to the chassis at one point
only. The symbol in Fig. 1D indi-
cates connection to the chassis
frame, whether or not the chassis is
connected physically to the earth.
In some AC-DC receiver circuits,
symbol A or C is used to represent
the common B — return bus, where-
as D is used to represent the re-
ceiver chassis.

Fig. 2 illustrates the basic princi-
ple of grounding. It is the circuit de-
signer’s intention that the cathode of
V1 and one end each of R1, C2,
and C3 be connected to a common
reference point designated as ground
(whether or not that ground is phys-
ically connected to the earth). An-
other way of stating this is to say
that there is to be zero ohms of re-
sistance between one side of C2 and
the cathode of VI, Of course, if

there is more to the circuit (power
supply, output stage, etc.) and vari-
ous components in these other sec-
tions also are connected to ground,
then it follows that there must be
zero ohms from these points to the
other grounded points.

It is important that there be as
little resistance (or impedance) as
possible along a grounding path, for
any resistance will cause an IR drop,
or potential difference, to appear
between the two ends of the ground-
ing conductor. Those points which
are intended to be grounded would
then be at some potential above true
ground.

Fig. 2. Grounding in an amplifier stage.
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Table 1. Resistance of Metallic

Conductors

Resistivity {ohms/

Metal circutar mil foot)
Good conductors
Silver 9.796
Copper 10.37
Gold 14.55
Atuminum 16.06
Fair conductors
Tungsten 33.22
Molybdenum 34.0
Zinc 36.0
Brass 45.0
Nickel 60.0
Pure lron 60.14
Platinum 63.8
Tin 69.0
Phosphor Bronze 70.0
Poor conductors
Steel 95.0 to 308
Lead 132
Mercury 575

DC Grounding

In a DC circuit, returning a point
to ground is usually quite simple.
The size of the grounding conductor
and the material of which it is com-
posed determine the effectiveness of
the ground path. No electrical con-
ductor has zero resistance, and some
metals have more resistance than
others. Table 1 gives the resistivity’
of various metals used as conductors.
It should be noted that with the ex-
ception of silver, which is quite ex-
pensive, copper is the best conduc-
tor; it is therefore the most popular
wire material for electrical conduc-
tors. Grounding is no exception to
this rule, and the best grounds are
made with copper.

"Resistivity is the resistance of a sample of
material having specified dimensions.

LT

The size of the conductor used
depends on the distance to be cov-
ered: the longer the path through
which current flows, the higher the
resistance of the conductor will be.
For DC and low-frequency AC (up
to a few thousand cycles per sec-
ond), the resistance is inversely pro-
portional to the cross-sectional area
of the path the current must travel;
that is, given two conductors of the
same material and having the same
length, but differing in cross-sec-
tional area, the one with the larger
area will have the lower resistance.

Table 2 illustrates the variation in
resistance for various conductor
sizes.

The resistance of practically all
metallic conductors increases with
increasing temperature.

The specific resistance of the
earth’s material, whatever it may be.
is made negligible by the earth’s gi-
gantic size. This indicates that all
perfect grounds are to zero potential
(that of the earth), and there is no
DC power loss in the ground. How-
ever, obtaining a perfect ground for
DC is not easy, for resistance is
encountered at the point of con-
ductor connection to the earth.
While good connections to the earth
are obtainable in water, a low-resist-
ance ground connection in soil is
usually secured only with difficulty.
To minimize contact resistance, sev-
eral ground electrodes may be laid
in parallel.

It is sometimes found that a meas-
urable current will flow in a con-
ductor grounded at each end. Three

OUTPUT

INSULATED GROUND BUS—"

POWER SUPPLY

AN

—F—

;F

—

Fig. 3. In an audio amplifier, a bus should be provided for ground terminations.
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influences may cause such a cur-

rent:

I. A more or less steady potential
difference which exists day after
day: Peculiaritics of the subsoil
produce electrical-potential strata
which are partially insulated
from the bulk of the earth’s
structure. In an area where an
electric railway uses the earth as
the return for its DC power, this
current flow causes a gradient in
the subsoil and produces a resid-
ual current,

. A very slow alternating voltage
(10 to 20 cycles per hour) gen-
erated by moving terrestrial elec-
tromagnetic fields: The extreme
cases are associated with magnet-
ic storms and auroras. These phe-
nomena are often called earth
currents.

3. Atmospheric static: The conduc-

tor acts as an antenna and picks
up this induced voltage.

o

Power-Frequency Grounding

The resistance of a conductor is
not the same for AC as it is for DC.
When the current alternates, there
are internal effects that tend to force
the current flow mostly in the outer
parts of the conductor. This de-
creases the effective cross-sectional
area of the conductor, with the re-
sult that the resistance increases. For
power and audio frequencies, this in-
crease in resistance is almost negli-
gible.

For AC, the earth exhibits recact-
ance as well as resistance, and its
impedance to AC can be of practical
importance even at 60 cps. AC po-
tential gradients can be maintained
even in sea water.

Power-line grounds are used
chiefly to reduce the shock hazard.
They also make it possible to reduce
the transmission of unwanted inter-
ference by the use of grounded filters
and bypass capacitors. The usual
power line is grounded at the pole
transformer feeding the building,
with the result that the AC lines in
the building have one side ground-
ed. With equipment that has the
chassis connected to one side of the
AC ling, it is possible to connect the
hor side of the line to the chassis—
then if the technician stands on a
damp concrete flnor and touches the
hot chassis, he will be between the

BROADCAST ENGINEERING
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hot and ground sides of the line.
For this reason, isolation transform-
ers are often used. Such a transform-
er removes the ground from the AC
line, and a chassis cannot be hot with
respect to the ecarth.

When a new or modified AC serv-
ice is being run into a station build-
ing, it’s wise to make certain the
insulating crew sinks a scparate
ground, apart from the existing sta-
tion RF and/or audio ground.

Audio-Frequency Grounding

In the spectrum from 20 to 20,-
000 cps, the total resistance or im-
pedance of a grounding conductor
is the algebraic sum of the DC resist-
ance and the AC reactance. There is
also the phenomenon of skin effect,
which makes the AC resistance
greater than the DC resistance. This
topic will be examined in detail
later. At audio frequencies, perhaps
the prime consideration in grounding
is the avoidance of hum-—spurious
pickup of 60-cps signal from the
power line and 120-cps signal from
full-wave power-supply rectifiers.

The simplest way to understand
audio grounding procedures is to
think of all audio grounds as “flow-
ing” in a single direction only. In an
audio amplifier (excepting only the
simplest and cheapest), random
chassis grounds should never be
used. An insulated ground bus of
No. 16 or 14 solid copper wire
should be run through the under-
side of the chassis (Fig. 3). All

ground returns should terminate on
the bus, which should then be se-
curely bolted to the chassis at the
input terminals. The bus should be
laid out in more or less a straight
line, or perhaps an L shape, so that
low-level stages are closest to the
point where the bus attaches to the
chassis, and high-level stages are far-
thest from that point. The attach-
ment of all power-supply ground re-
turns to the bus should be farthest
from the input terminals.

Once an item of audio equipment
has been securely grounded within
itself, it must be connected to the
rest of the station system. Conven-
tional rack mounting provides con-
tact between the equipment chassis
and the rack itself, which is then
grounded. However, you should
never rely on this mechanical
ground, for it can produce poor con-
tact. A separate, insulated wire
should be run from the input termi-
nals (same point as internal ground
bus) of each piece of equipment to
what is known as the rack or unit
ground. See Fig. 4. The unit ground
bus should be about No. 12 or No.
10 bare wire. (It can also be strap.)
It should be run the length of the
rack, console, or other equipment
housing, and be bolted to the rack or
frame at one point only. Except for
this point, the unit ground should
be insulated from the rack and held
stiffly in place.

Each rack, console, or equipment
housing constitutes one subsystem.

|
1
| A
E RACK UNIT
) GROUNDS
! OR IN
1 UNIT RACKS
| GROUND
' BUS
]
'
| GROUND
| DISTRIBUTION
: BUSSES —
: INSULATED, WITH
e s NO MORE THAN 0. 1
) OHM RES | STANCE
I TIED PER BUS
i TO
| OUTSIDE POWER
| OF RACK SUPPLY
{6566@"“ ~ DR = A
DISTRIBUTION BUS
gLSSTR'BU”ON‘ FROM ANOTHER RACK
MAIN GROUND &% % CENTRAL GROUND POINT
MAIN COLD- WATER

GROUND POINT PIPE

Fig. 4. Equipment in rack should be connected to unit ground.
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Table 2. Resistance of Copper

Conductors

Conductor Ohms per 1000” at 68° F
No. 18 wire 6.385

No. 10 wire 0.9989

No. 4 wire 0.2485

No. 000 wire 0.06180

2" x 0.032" strap 0.1239

4" x 0.032” strap 0.06178

All the subsystems in a particular
control room or control-room-stu-
dio combination constitute a system.
For consistency, the rank of various
components, subsystems, and sys-
tems must be established. Within
each rack, the following principles
apply: The shield of any cable which
connects to a terminal block should
be grounded to the TB ground bus.
(Refer aguin to Fig. 4.) If a cable
connects to a jack field but not to a
terminal block, the shield should be
grounded to the jack field ground
bus. Cables which tic picces of
equipment directly together, such as
amplifiers and power supplics, am-
plifiers and equalizers, ctc., should
have their shields grounded through
a separate insulated wire directly to
the rack or unit ground bus.

Any miscellaneous equipment,
such as VU-meter panels, transmit-
ter remote-control panels, line at-
tenuators, etc., should have their
metal frames, chassis, cabinets, and
the like tied through separate insu-
lated wires to the rack or unit ground
bus. Nothing should float; every
piece of metal that is not designed
to be active and carry signal or pow-
er impulses should be tied through
a separate insulated wire to the

UNIT GROUND IN
< CONSOLE

CENTRAL GROUND POINT

MAIN GROUND BUS —
INSULATED, WiTH NO MORE
THAN 0.1 OHM RESISTANCE

MAIN GROUND POINT —
CLAMP ON COLD WATER PIPE,
ON GROUND SIDE OF PIPE
JOINT. (IF NOT AVAILABLE,
USE 8' COPPER-CLAD STEEL

Fig. 5. Unit ground buses connect to a central ground point.
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nearest unit ground bus. If it isn’t
supposed to be insulated, ground it!
Some console tables have metal
molding around the edge of the table
top, and on scveral occasions it has
been necessary to run a special
ground wire to this molding. Ad-
ditionally, cach turntable frame
should be grounded separately, apart
from the signal-pickup cable.

Refer to Fig. 4 and Fig. 5. Each
unit ground bus should continue un-
broken (use a single piece of wire)
to the central ground point. This
point should be located near the
physical center of the studio arca so
that the ground distribution busses
(which connect the various subsys-
tems into a single system) will all
have approximately the same length.
This will assure that whatever small
potential develops across each bus,
all will be equal. The total resistance
of each distribution bus should not
exceed 0.1 ohm. Each bus must be
covered with insulation so that there
is no possibility of chance grounding
to conduit, trough, etc.

In complex studio plants, it is
possible that there may be two or
more equipment areas that are phys-
ically separated one from another.
Each would then constitute a scpa-
rate system. In this case, it would be
well to have a central ground point
for each system, and then join them
into a master system at a masrer
ground point somewhere midway be-
tween the two areas. This again
would make all ground drops ap-
proximately equal.

From the central or master ground
point, a main ground bus is run to
the main ground point, which is the

point of physical connection to the
earth. It is important that existing
ground points, such as those used by
the AC service or the telephone com-
pany, be avoided. An AC ground
point often has a large alternating
current flowing through it because
of an unbalance in a multiphase pow-
er lead. This, in turn, may create an
appreciable AC voltage drop at the
ground point or in the main ground
bus, which will result in hum
throughout the audio system. The
telephone ground usually carries in-
terference from talk circuits, ringer
pulses, beeper recorders, and partic-
ularly from teletype lines feeding
news machines. Such interference
can easily appear on the audio cir-
cuits if the telephone ground is used.

In locations where a community
water distribution system is used,
obtaining the main ground point will
be casy. If the distance is small (say
10 to 20") from the central ground
point to a point where a cold-water
pipe enters the earth, a connection
may be made—on the ground side of
any pipe joints—by means of a pipe
strap. File, sandpaper, or scrape the
pipe down to bare metal, and tighten
the strap so that good contact is
made. Solder if necessary, and you
may want to tape with rubber or
plastic tape to prevent oxidation,
especially if there is considerable
dampness. Don’t use a hot-water
pipe or gas pipe, for these don’t pro-
vide as direct a' connection to the
carth, and gas pipes often have
insulated joints. A cold-water pipe
is usually part of an extensive net-
work of buried piping.

If no suitable pipe is available

RACK
AUD10 CABLE IN
mic CONDUIT TO
EXTENSION RACK TERMINAL
CABLE BOARD
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Fig. 6. In wiring microphones, the shield of each cable is grounded at one end only.
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close by, or if it is alrcady being
used by the power or telephone com-
pany, a special ground will have to
be installed. The simplest method is
to drive an 8 copper-clad steel
ground rod or spike into the ground
as close as possible to the central
ground point. This will often do the
job, but for noisy locations or in-
stallations using extremely sensitive
equipment, it may be necessary to
employ several ground rods, spaced
several feet apart and strapped to-
gether at the top with a large cop-
per conductor. Wrap the conductor
or strap around each ground rod
and solder using silver solder and a
gas torch, The more metal that con-
tacts the soil, the less will be the in-
terface resistance between cach rod
and the earth, and the better the
ground will be. It is desirable to use
a site with considerable natural
moisture, for this increases coupling
to the soil. Sometimes, in licu of
rods, a copper sheet or plate, at least
5" x 5, is buried a few feet below the
surface. It makes an excellent
ground.

In extreme cases, to provide for
maximum coupling to the earth over
a long period to time, it is possible
to increase chemically the conduc-
tivity of the soil in the immediate
vicinity of the grounding rod. Dig a
hole about a foot deep and two or
more fect in diameter. The ground
rod (or rods) is sunk in the center
of the hole, which is then filled with
dry rock salt, magnesium sulphate,
or copper sulphate. The package is
then flooded with water and finally
covered with soil and sod, if de-
sired. Fifty Ibs of treating material
will last for two or three years.

If a studio installation is made on
the upper floors of a tall building it
may be impractical to run a ground
bus down to the ecarth. In such a
case, an alternate—although less de-
sirable—arrangement, is to connect
the central ground point both to the
water mains and to the steel struc-
ture of the building.

One of the most important con-
siderations concerning audio ground-
ing relates to the practice of wiring
and grounding microphones. The
usual microphone output level is
around —60 dbm, and at this ex-
tremely low level it is quite easy to
pick up unwanted hum and interfer-
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ence. Furthermore, microphone cir-
cuits, being portable, are often
brought near fluorescent lights, AC
cables carrying large lighting loads,
cue-transmitter antennas, and other
possible sources of audio interfer-
ence.

The standard microphone circuit
in . broadcasting uses balanced-to-
ground, low-impedance lines. Such
lines pick up less interference than
if they were of high impedance; fur-
thermore, the low-impedance per-
mits using long extension cables
without undue attenuation of the
higher audio frequencies due to
cable shunt capacitance. Obviously,
microphone cables, though of low
impedance, must be shielded to
avoid as much interference pickup
as possible. It is often thought that
two insulated conductors arc re-
quired to carry the balanced-to-
ground signal from the transformer
in the microphone case, and the
shield provides the ground to the
metal case. Such wiring philosophy
leads to hum and interference pick-
up, for a cardinal rule of microphone
wiring is that the shield must not
carry current of any kind. Micro-
phones should be wired with cable
that contains three insulated con-
ductors within a {lexible braid. In
addition, the cable should have an
insulated covering to prevent chance
grounds of the shield to conduit,
trough, or other cables.

Fig. 6 illustrates microphone wir-
ing practice. No matter how many
wiring extensions there may be be-
tween plugs and receptacles, between
microphone proper and the terminal
board at the rack, two wires must
carry the signal, and the third must
carry the ground between the micro-
phone case and the station ground
system. The shield of each section of
cable is always grounded to the in-
sulated ground wire at the end of
the cable nearest the station ground-
ing system. Since the shield is not
connected at both ends, no current
can flow through it, and there can
be no IR drop. This preserves the
integrity of the ground system. Don’t
forget that the shield must be insu-
lated at the end of the cable nearest
the microphone, to prevent chance
grounding and resultant ground
loops.

There is sometimes confusion as

to how to connect one system (con-
trol room, studio, etc.,) to another.
Connection smust be made through
repeat coils, isolation transformers,
etc., which remove DC coupling, or
else one system must outrank the
other and supply the ground. It is
recommended that transformers be
used and the shield of the intercon-
necting line be tied to a unit ground
bus at one end only. For medium-
level signals ( —30 dbm or above),
it does not matter which ¢nd of the
cable, sending or receiving, s
grounded.

Some variable attenuators, filters,
and equalizers are constructed with
one side grounded, making them un-
balanced-to-ground. (Balanced
models are available, but they’re
more expensive.) To use such units
in a balanced system with a mini-
mum of hum and interference pick-
up, multiple grounds must be avoid-
ed. The common side of cach filter
or attenuator must be grounded, and
it's important to make the connec-
tion from the common terminal
through a scparate insulated wire to
the unit or rack ground bus. The
ground should never be made to an
amplifier, for this restricts it to un-
balanced use only. If an amplifier
with an unbalanced input or output
must be used within the system, it
should have a [:1 isolation trans-
former added to preserve the integ-
rity of the balanced system. This
makes it possible to patch amplifiers
interchangeably to balanced or un-
balanced circuits.

It cannot be overemphasized that,
in general, ground and distribution
busses should be made of solid cop-
per wire with an insulated covering.
Chance grounds must be avoided,
for ground loops result. ‘Bare wires
and busses may be used where the
particular conductor is rigid and
supported in midair within an ampli-
fier chassis, or within a rack or con-
sole, and where many subwires con-
nect to the bus. Connections made
between a subwire of smaller diam-
eter than a bus should be made by
wrapping the subwire around the
bus, then soldering by heating the
bus until applied solder tlows
smoothly throughout the coiled
joint. A large-wattage iron or gun,
or even a gas torch, should be used,
The best possible solder connections

must be made to avoid contact or in-
terface resistance. If either the sub-
wire or the bus appears greasy, dir-
ty, coated, or old, it must be burn-
ished or scraped down to bare, shiny
metal. Metal files, nail files, sand-
paper — cven manicurist’s emery
boards—may be used. The DC re-
sistance of a ground bus should
never exceed 0.1 ohm.

While each component of an audio
system may have a good signal-to-
noise ratio, when connected together,
the total system may be degraded
if certain precautions aren’t taken.
Lines in particular arc subject to
noise pickup from extraneous clec-
tric and magnetic fields and from
the potential drop crecated by ground
currents tlowing through the line
conductors.

The unbalanced line is seldom
used in broadcasting, but when it is,
it should be grounded at one point
only. Fig. 7 shows why. In Fig. 7A]
there is a ground loop. The section
of the line between points A and B,
like all conductors, has some resist-
ance. There is bound to be some
AC-operated equipment in the im-
mediate vicinity, and by clectro-
magnetic or electrostatic induction,
some 60-cps hum will be coupled
into the section of the linc between
points A and B. An induced cur-
rent 1. will flow, and in so flowing
will cause an IR drop between A
and B. This potential is applied
across the section of the line in
series with the signal voltage and
hence will add an extraneous noise
to the signal. Obviously, this cffect
can be eliminated by removing one
of the ground connections.

If the transformers at each end
of a balanced line have center taps,
both center taps may be grounded,

|

A

g

= A

~—lgp—

B

Fig. 7. Balanced vs. unbalanced lines.
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Fig. 8. Frequency distortion is reduced,

as illustrated in Fig. 7B. Now there
are two induced currents, I., and
I.., both flowing in the same direc-
tion, since the magnetic or static
lines of force intercept the conduc-
tors at almost exactly the same
point and at the same angle. The
two currents {flow up to the trans-
former winding and to its center
tap, and thence to ground. In so
doing, they cancel each other.
Hence a balanced line connected to
a transformer with a grounded cen-
ter tap is practically immune to
noise interference.

A line must be grounded at a
minimum of one point if it is con-
nected to unbalanced circuits such
as attenuators, equalizers, and fil-
ters; otherwise frequency distortion
may be introduced. This is illus-
trated in Fig. 8A, which shows
lines connected to the input and
output terminals of an unbalanced
attenuator. Thg two scctions of
shield S are, of course, at ground
potential and hence are cflectively
connected to each other, as shown.
Figs. 8B and 8C show the equiva-
lent circuits of this arrangement,
wherein C,. is the capacitance be-
tween conductor A and shield S,
etc. In Fig. 8B, the common con-
ductor is not connected to ground
(nor to the shiecld), and the ele-
ments of the attenuator are effec-
tively paralleled and bypassed by
the capacitances as shown. Re-
duced attenuation with increasing
frequency results. The effect is fair-
ly pronounced when the lines are
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long, with resulting high capaci-
tances, and when the loss of the at-
tenuator is high. Connecting con-
ductor B to ground short-circuits
capacitance C,,, and the equivalent
circuit of Fig. 8C results, with con-
sequent climination of the difhi-
culty.

In telephone partance, the term
repeat coil is frequently used to
designate any type of audio trans-
former. In the broadcast ficld, how-
cver, the term is usually restricted
to 1:1 ratio transformers that are
sometimes interposed between the
end of a line and the terminating
apparatus. One purpose of such
coils is to eliminate ground loops.
Frequently the terminating appara-
tus at cach end of the line is
grounded, and if the line were con-
nected directly, a ground loop
would be formed. By breaking the
direct continuity through the line,
by mecans of a transformer at either
end, the loop is eliminated.

Such  repeat  coils  sometimes
have electrostatically shielded wind-
ings to eliminate passage of high-
frequency noise voltages through the
interwinding capacitance. The elec-
trostatic shield consists of a conduct-
ing cover which completely encloses
onc or both of the windings (al-
though insulated from them) and is
connected to ground. The capaci-
tance between windings is thus re-
duced to zero. This type of trans-
former is of considerable aid in re-
ducing the effect of RF voltages
picked up by the antenna-like action
of a line. Frequently the input trans-
formers of low-level amplifiers are
electrostatically shielded and usually
are enclosed in high-permeability
cases to provide magnetic shielding.

Video-Frequency Grounding

Video circuits are never found
without accompanying audio cir-
cuits in close proximity, whether

these circuits be program-signal
channels or intercommunication
lines. In addition, there are al-

ways power-supply circuits, DC re-
lay or signalling channels, and
possibly even RF radiations. Since
video circuits encompass frequencies
from DC to at least 4, and often &,
mc, it’s obvious that we arc inter-
ested in avoiding interference and
noise within the range of power-line

frequencies, audio frequencies, and
radio  frequencies.  Furthermore,
while the ear will tolerate a small
amount of noise or interference, the
samc amount of noise will cause a
highly objectionable beat or inter-
ference pattern on the TV screen.
This makes the avoidance of inter-
ference through proper grounding all
the more important in video circuits.

The ability to control all circuit
grounds completely in a TV audio-
video installation is an invaluable
asset when crosstalk and hum pick-
up problems arise. The use of audio
and video cables with shields cov-
cred by insulating jackets, com-
bined with careful installation of
these cables to avoid accidental
and unknown grounds, goes a long
way toward avoiding crosstalk and
hum pickup. The finding of a
chance ground that is responsible
for poor system performance can
be a most tedious and onerous un-
dertaking. Therefore, every etlort
should be made to avoid trouble
from the beginning.

Video circuits, unfortunately,
are always unbalanced, since the
use of coaxial cable is standard
within the industry. Such unbal-
anced operation does not provide
the opportunity to control video-
circuit grounds as precisely as in
the audio circuits described earlier.
Multiple grounds on video-cable
shields are largely unavoidable,
since connections must be made to
both ends of the coaxial shield used
to interconnect equipment units.
The shield represents one side of
the video circuit, and there must
be DC continuity.

The main precaution in video
grounding is the avoidance of high-
resistance ground busses and of
ground leads in which high-ampli-
tude currents may flow. Unless this
is done, the voltage drop across the

ground lead may introduce un-
necessary interference into the

video signal. One technique which
has been found reliable in television
plants is the use of a main audio
and video grounding point scparate
from both the AC grounding point
and the transmitter RF grounding
point. Many TV stations have the
transmitter located at the same
place as the studios; if everything
is tied to a single grounding point,
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there may be much crosstalk, since
all interference flows through this
point. If the station has radio stu-
dios and perhaps an FM transmit-
ter at the same Jocation, more
crosstalk is the result if a common
ground is used for both studio and
transmitters.

There is no direct equivalent in
a video sensc to the audio micro-
phone. The microphone proper is
carried around by itself, and hence
is susceptible to much interfer-
ence pickup, while the vidicon or
image-orthicon pickup tube is al-
ways moved only while securely
mounted within the camera head.
This means that there is a much
tighter control of wiring practices
for a camera than for a micro-
phone circuit. If you follow the
manufacturer’s instructions for in-
stalling a television camera, the
chances are that the equipment will
be properly grounded and won’t
pick up much video interference.

To wunderstand  properly opti-
mum techniques of video ground-
ing, it is necessary to understand
RF grounding, for video can be
considered to include RF, and the
considerations applied to RF ap-
ply equally to video. One further
point must be added: Most RF cir-
cuits have a relatively narrow
bandwidth compared to the 4- to
8-mc bandwidth of a video circuit.
It is well known that signal-to-
noise ratio is inversely propor-
tional to the bandwidth of the sys-
tem. It is therefore much casier to
achieve a good s/n ratio in AM,
where the bandwidth is only 10 ke,
or in FM, where it 1s 150 kc. A
television circuit with a bandwidth
of 4 mc is wide open to noise. This
point emphasizes the nced for ob-
serving good RF grounding pro-
cedures in video circuits. Since
these circuits are always unbal-
anced, they are even more suscep-
tible to pickup of extraneous noise.

Radio-Frequency Grounding

RF grounding presents special
problems because of the impedance
of conductors at radio frequencics.
This impedance is the algebraic
sum of the resistance and react-
ance, the total effect is that a given
grounding conductor shows a po-
tential drop that is very low for
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DC, somewhat higher for 60-cps
current, even higher for a I-mc
current, and quite high for 100-mc
current.

At high frequencics, the current
carried by a conductor tends to be
concentrated near the surface. This
action, termed skin effect, 1s a re-
sult of magnetic flux lines that cir-
cle part but not all of the conduc-
tor. Those parts of the cross section
which are circled by the largest num-
ber of flux lines have higher induct-
ance than other parts of the conduc-
tor, and hence a greater reactance.
The result is a redistribution of cur-
rent so that those parts of the con-
ductor having the highest reactance,
i.e., those parts nearest the center,
carry the least current. In a round
wire, the current density is maxi-
mum at the surface and least at the
center. In a square bar, the greatest
concentration of current is at the
corners, with the flat sides coming
next, and the center carrying the
least current. In a flat strip, the cur-
rent density is greatest at the edges,
considerable at the flat surfaces, and
least 1n the center.

The result of this phenomenon is
that a larger wire, while it will carry
more DC with negligible drop, will
have an increasingly appreciable
drop for RF currents. Table 3 lists
scveral wire and strap sizes together
with their cross-sectional areas and
AC/DC resistance ratios. Note that
it requires extremely heavy wire
(No. 000) to equal the area of 27
strap, whercas 47 strap excecds
even the heaviest available wire in
surface arca. Since strap weighs less
than No. 000 wire, it costs less. No-
tice also that the ratio of AC to DC
increases with the size of the wire,
but is extremely low for strap. In
effect, strap offers a maximum sur-
face area per pound of weight
(hence per dollar of cost) and is
therefore ideal for RF- grounding
purposes.

The redistribution of alternating

current is always of such a character
as to make the flux linkages, and
hence the inductance, less than
would exist with a uniform current
distribution. The magnitude of these
eflects on inductance and AC resist-
ance increases with frequency, con-
ductivity, magnetic  permeability,
and conductor size: At higher fre-
quencies, the differences in reactance
resulting from the different induct-
ances of various current paths, is
greater. Higher conductivity makes
the samc difference in reactance
more cllective in modifying current
distribution, and a greater magnetic
permeability increases the flux.

In the case of isolated tubular
conductors, the ratio between AC
resistance and DC resistance 1§ al-
ways closer to unity than for a solid
conductor of the same outside diam-
eter. This is because the center of
a solid wire does not do its full
share in the carrying of current; thus
if the center is remeved to form a
tube, the resistance ratio is im-
proved. However, the DC resistance
of the tube is higher, and the actual
value of AC resistance is greater
than for the corresponding solid
wire.

A flat rectangular ribbon or strap
has a resistance ratio lower than for
a-solid round wire of the same cross-
section but higher than for a tube of
the same cross-sectional area and
wall thickness. This is because the
current in a ribbon tends to concen-
trate more at the edges than at the
sides. For practical easc in construc-
tion and wiring, however, strap is
much more convenient than tubing.
Copper strap commonly used in
broadcast work measures 0.032”
thick and 2 or 47 wide.

At frequencies so great that the
resistance ratio is large. substantial-
ly all of the current carried by a con-
ductor is concentrated very closc to
the surface. Under these conditions,
the AC resistance offered by the con-
ductor is approximately the same as

Table 3. Surface Areas and Resistance Ratios

Conductor
No. 18 Wire
No. 10 Wire
No. 4 Wire
No. 0 Wire
No. 000 Wire
2" x 0.032” Strap
47 x 0.032” Strap

Surface Area Ratio R.c/Rn
0.253" 41
0.641” 10.0
1.285" 19.5
2.045" 320
4.140" 41.0
4.064" Approx. 1.8
8.064" Approx. 1.3

23



the DC resistance of a hollow con-
ductor having the same external
shape as the actual conductor, but
having a thickness cqual to the cal-
culated skin depth.

RF Amplifier Grounding

In high-gain RF and IF amplifi-
ers, the flow of ground currents from
different stages through a common
chassis path can introduce suflicient
feedback to cause oscillation. Con-
sequently, all of the ground returns
which carry signal currents for a
particular stage should be returned
to a common ground point. Fig. 9 il-
lustrates this technique. The heater
circuit, which is not part of the sig-
nal circuit, should be grounded sep-
arately to prevent the signal circuits
of other tube electrodes from induc-
ing voltages into the filament circuit
through a common ground imped-
ance. The electrostatic  coupling
within the tube between the cathode
and heater will induce small currents
into the heater circuit. Amplifier in-
stability caused by teedback through
the tube-heater circuit is minimized
by the use of decoupling inductances
between the heater connections of
the various stages. Series decoupling
is used almost exclusively in filament
circuits.

A multistage amplifier should be
constructed in a straight linc to

achieve maximum isolation betwecn
the ground currents of the succes-
sive stages. Any resonant-circuit in-
ductances in the strip should be ori-
ented to minimize inductive coupling
between the windings and the chassis
ground currents.

The outer conductor of a coaxial
cable which might introduce a sig-
nal into an amplifier should bc
grounded on the outside of the
chassis. The effects of any undesired
currents induced in the outer con-
ductor should then be eliminated.
Conductors carrying DC into a
chassis or compartment should be
bypassed by coaxial capacitors sol-
dered in a chassis or compartment
hole just large enough to admit the
capacitor. This insures that the con-
ductor will enter the chassis sur-
rounded by a bypass capacitor.
Sometimes this is the only way to de-
couple a tine for VHF and above.

Receivers should never be ground-
¢d to the electrical conduit used to
supply AC in a building, for the
conduit has both a high DC resist-
ance and a high RF impedance. Even
if a separate wire is carried within
the conduit for AC grounding pur-
poses, it must not be used for re-
ceiver grounding, because it will of-
ten induce an undesirable hum mod-
ulation of the signal. The only pro-
per ground for a receiver intended
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Fig. 9. Special grounding techniques must be applied in RF and IF amplifier circuits.
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for low-noise reception of weak sig-
nals is a direct physical connection
to the earth itself, in the form of
ground rods, wires, or plates. This
procedure has already been covered
in the section under audio ground-
ing, and a further expansion will be
given below under transmitter and
antenna grounding systems. These
principles apply equally well to re-
ceivers,

Modulation hum in a recciver can
often be caused by capacitive cou-
pling between primary and secondary
windings of the power transformer.
This effect can be avoided by using
a transformer that has an electro-
static shield between windings, the
shicld being grounded. If this is not
possible, a grounded LC filter must
be used in the power line.

It is interesting to note that both
receivers and transmitters sometimes
use grounded-grid triodes as RF
amplifiers, especially at VHF. Some
of these triodes have the grid con-
nected to two base pins. Since these
pin leads have some reactance at
VHF and above, both pins should be
connected as directly as possible to
the stage ground point, to take ad-
vantage of the reduction in series in-
ductance offered by the parallel con-
nection.

Antenna and Transmitter
Grounding

The typical AM broadcast station
uses a radiating system consisting of
a vertical radiator (or radiators)
about one-quarter to one-half wave-
length in height. If the jower end of
such an antenna is grounded or con-
nected through the transmitter out-
put circuit (or other matching or
phasing networks) to ground, it
need be only a quarter-wave high to
resonate at the same frequency as
an ungrounded half-wave antenna.
The operation can be understood
when it is remembered that the
eround acts as an electrical mirror,
and the missing half of the antenna
is supplicd by the mirror image.

The grounded antenna may be
much shorter than a quarter wave-
length and still be made resonant by
loading it with inductance at the
base. By adjusting the inductance of
the loading coil, even very short
wires or towers can be tuned to
resonance. Such short antennas are
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not very efficient, however, and can
seldom meet the FCC requirements
for radiation efficiency. Hence, they
are rarely used in broadcasting.

The current along a grounded
quarter-wave vertical radiator var-
ies practically sinusoidally, as is the
case with a half-wave antenna, and
is highest at the ground connection.
The RF voltage, however, is high-
est at the open end and minimum at
the ground,

If the antenna height is greater
than a quarter wavelength, the an-
tenna shows inductive reactance at
its terminals and can be tuned to
resonance by means of a capacitance
of the proper value in series with
the antenna and ground. As it is
somewhat inconvenient to do this,
usual broadcast practice is to insert
in series with the antenna several
fixed capacitors which total more
than the required capacitance. Then
a tapped coil is added in series with
both antenna and capacitors. The
position of the tap is varied until
the antenna matches the line and is
resonant.

The radiation resistance of a
grounded vertical antenna, as meas-
ured between the base of the an-
tenna and ground, varies as a func-
tion of the antenna height. (The
word “height” as used in this con-
nection has the samc¢ meaning as
“length” applied to a horizontal an-
tenna.) Below 60° (1/6 wave-
length), the radiation resistance is
less than 15 ohms, which is undesir-
able due to high current losses in the
radiating system. The value for 90°
(1/4 wavelength) is around 35
ohms, which is a usable value. At
120°, (1/3 wavelength), R is ap-
proximately 100 ohms, which is also
usable.

No standard-broadcast radiating
system is complete without both an
antenna tower and a ground system.
To feed power into such a system, it
is common practice to couple the
output of the transmitter across the
tower base insulator (Fig. 10). The
tower base forms one terminal, and
the ground system forms the other.
(This assumes the use of a series-
fed, or insulated, antenna. Some
stations use a shunt-fed, or grounded
antenna. The transmission line is at-
tached to the tower a short distance
up from the base. The exact point is
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found experimentally, depending on
the resistance desired to match the
line. At any rate, although a shunt
tower is grounded for DC, at the
feed point there is an RF imped-
ance, and the same principles apply.
Another point: The tuning house
will be located some 20 or 30’ away
from the base of a shunt-fed tower
and the feed line brought up to the
tower at an angle. Even though this
feed line might be only No. 10 wire,
it is not correct to assume that you
can use the same conductor to tie the
tuning house to the base/ground
system. Use strap.) Simple antenna
theory assumes the ground plane to
be a perfect conductor which acts
like a mirror plane to the radio
waves. In practice, it is not a per-
fect conductor and may introduce a
series-ground-loss resistance of from
a fraction of an ohm to several
ohms.

Ground losses constitute the larg-
est power loss in a broadcast anten-
na system. Such losses arise from
the fact that the current charging
the capacitance between the antenna
and ground flows through the earth
to the grounding point at the trans-
mitter. The object is to return these
currents to the transmitter with a
minimum of loss. One way of ac-
complishing this is to bury enough
wires near the surface of the earth
so that there is a low-resistance path
through the ground back to the
transmitter. In order to be effective,
these buried wires must be so ar-
ranged that the charging currents
entering the earth travel a minimum
distance through the earth to reach
a wire,

The behavior of the earth depends
considerably on the transmitted fre-
quency. At low frequencies —
through the standard broadcast band
—most types of soil do act very
much like a good conductor. At
these frequencies, the waves can
penetrate for quite a distance and
thus find a large cross section in
which to cause current flow along
their paths. The resistance of cven
a moderately good conductor is low
if its cross section is large enough.
The soil acts as a fairly good conduc-
tor even at frequencies as high as
the 3.5-mc amateur band. Hams
have sometimes buried insulated
wire in soil and found good recep-

Fig. 10. Power is fed across insulator.

tion on both the broadcast and 80-
meter bands.

The ground system for a standard-
broadcast antenna system usually
consists of at least 120 buried cop-
per wires, equally spaced, extending
radially outward from the tower
base to a minimum distance of one-
quarter wavelength (Fig. 11). The
ground-loss resistance can be de-
creased by reducing the E loss due
to the electric field and the H loss
due to the magnetic field.

When a tower is approximately a
half wavelength in height, there is
a voltage maximum at the base and
a resulting strong electric field. Be-
cause of the displacement current
which passes from the antenna
through the earth to the radial wires,
high E losses are encountered unless
some means is employed to reduce
them. An effective solution is to
place expanded copper screen
around the antenna base. As an al-
ternative, the number of radial con-
ductors can be increased and the
wires placed just below the surface
or under a layer of asphalt having
low loss for the electric displace-
ment current.

The H loss due to the magnetic
field extends out a considerable dis-
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Fig. 11. Radials form ground system.
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Fig. 12. Strap is buried between towers.

tance. This loss is due to the radial
current which divides between the
ground conductors and the earth.
It can be decreased by using more
and longer conductors. This causes
a larger portion of the current to be
in the copper radials, where the re-
sistance Is very low.

It is important that at least 120
radials be used, for the resistance
of the antenna-ground system in-
creases rapidly when the number of
radials is reduced. For instance. with
only 15 radials, the resistance is
such that the antenna efficiency is
reduced to about 50% at a tower
height of one-quarter wavelength.
This is due to a power loss in the
ground, which depends on current
concentration near the base of the
antenna; this in turn is a function
of tower height. Typical values for
small ground systems (15 radials or
less) have been measured to be from
about 5 to 30 ohms for antennas
less than a quarter wavelength in
leight. It has also been found that
as the number of radials is reduced,
the length required for optimum re-

COPPER

sults with a particular number of
radials also decreases; in other
words, you cannot use a small num-
ber of radials and extend them out
to a half wavelength. In gencral, a
targe number of radials, even though
some or all of them have to be short,
are preferable to a few long radials.

It is common practice to use a
wire plow to lay the ground system.
This machine consists of a thin verti-
cal steel blade to cut a slit in the
ground; at the rear edge of the blade
is a small tube through which the
copper wire passes from a reel into
the ground. The depth to which the
wire is buried can be controlled by
the adjustment of the vertical blade
with respect to horizontal sled run-
ners or wheels which support the
plow mechanism. Soft- or medium-
hard-drawn copper wire is easier to
handle in the field than hard-drawn
copper wire. It can also stand more
mechanical stretching before break-
age occurs.

The radial wires are usually
plowed in starting from the tower
and driving a tractor pulling the
plow toward stakes at the edge of
the ground system. It is convenient
1o provide a ring or square of strap
around the tower base pier to which
each radial wire can be fastened
mechanically while the radial is
being installed. The radial wires
must then be soldered or brazed to
this ring to provide a good electrical
connection. Additional strap is then
bonded to the ring and run to the
ground-system terminal of the an-
tenna. Copper-clad stakes are com-
monty used to hold the copper ring
in place and act as a lightning
ground. These stakes are driven

TRANSMITTER
BUILDING ~[ ]

RADIALS --
No 10 COPPER WIRE

Fig. 13. Strap joins radials, tower bases, and building at a directional installation.
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down level with the ring, and the two
are brazed together to form a good
electrical connection. All connec-
tions made in an AM ground system
between radials, screens, straps,
rings, etc., should be made with sil-
ver solder and a gas torch. Conduc-
tors must be bright and clean when
soldered. Ordinary solder will cor-
rode from weather effects, produc-
ing interface resistance; it should be
avoided.

As has been mentioned, expand-
ed copper mesh or screen is often
used inside the copper tie ring or
square. Primary purpose of the
screen is to terminate the E field. Its
secondary job is to carry the radial
ground-system current. However, if
the amount of copper in the mesh is
inadequate, then radial copper straps
can be added in this arca and bonded
to the mesh.

At low-power installations, the
base screen or mesh is often omitted,
and in its place 90 or 120 extra rad-
ials, 20/ or so in length, are used at
the tower base. This practice is often
done for economy and with a short
tower (near 90°) can be tolerated,
although it’s better to use a screen.
The short radials are no substitute
tor a screen, and if the tower is
clectrically tall, a screen is a must.

The precise nature of the RF
coupling from the antenna-ground
system into space is not well un-
derstood. Ground currents are con-
duction currents returning directly
to the antenna base; the total earth
current flowing through a cylinder
of radius X concentric with the an-
tenna (known as the zone-ciurrent)
is a function of tower height.
Ground-system losses dissipate a
portion of the input power and re-
duce the ficld radiated from the an-
tenna. This has been proven at a
number of sites where a poor ground
system was improved. Ground loss-
es are equivalent to the power dissi-
pated by a resistor in scries with the
antenna. A value of 2 ohms gives
predicted results in good agreement
with actual measured effective field
strengths.

The transmitter site, to a certain
extent, determines the type of
ground system used. For a sea-water
site (conductivity approximately 4.6
mhos/meter), the salt water pro-
vides an adequate ground system; a
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submerged copper ground screen is
often employed to make contact with
the salt water. At a land site of high
local conductivity, a less elaborate
ground system than that previously
described may be employed. How-
ever, adequate local-conductivity
data are rarely available, unless field
measurements are made of a test
transmitter or another local station.?

When the soil is very poor or
rocky, it may be desirable to employ
an artificial ground consisting of a
network of wires placed a small dis-
tance above the earth (two to five
feet) and insulated from it. Such an
arrangement, termed a counterpoise,
efiectively replaces the earth by a
conducting screen, provided the
spacing between the wires of the
counterpoise is not greater than the
height of the counterpoise above the
ground. (Years ago, a number of
broadcast transmitters were installed
on hotel and office-building rooftops
in urban areas. Such an antenna re-
quired a counterpoise on the roof as
a ground system. For various rea-
sons, such installations are not made
today.) To be fully effective, the
counterpoise should extend from the
antenna a distance at least equal to
the height of the antenna above
ground, and preferably twice as
great, so that it will intercept most of
the electrostatic field in the vicinity
of the antenna. A combination of
the counterpoise and buried-wire
grounds is also possible. In such ar-
rangements, the counterpoise is con-
nected to the transmitting antenna
coil; the electrical relationship of the
counterpoise to the ground will bring
about a particular division of cur-
rent in each case that causes the
total ground losses to be a minimum.

See ‘“How To Conduct a Site Test,” by

Robert A. Jones and Howard L. Enstrom, Nov.
1965 BE page 186.

F|g 14, Groundmg strap enters phasor

February, 1966

An individual ground system is
required for each tower element in
a multielement array. There should
be strap between all towers (Fig.
12), and a main run of strap from
the center of the array to the trans-
mitter building (Fig. 13). When
the individual systems would over-
lap if extended, the adjoining sys-
tems are usually terminated in a
common bus of strap, as Fig. 13
illustrates. A complete system may
be installed around each tower when
high ground currents are expected.
The width of the strap used depends
on the station power and the dis-
tance the strap must run. For low
powers and short runs, 2" strap may
be used, although 4” strap is pref-
erable for the majority of installa-
tions. If excessive distance is in-
volved and station power is 10 kw or
more, 6" or even 8 strap may be
needed to keep ground losses at a
minimum. It is never sufficient to
rely on anything but strap for con-
necting the transmitter to the radi-
ating system. As Fig. 14 shows, this
conductor must be carried up into
the phasor, so that all circuit ele-
ments which return to ground can
terminate in the strap rather than to
the phasor cabinet. Of course, the
strap should be bolted to the cabinet,
but the point here is that the strap,
not the cabinet, is the prime ground
return. The conductor should con-
tinue on into the transmitter cabinet,
as well as any auxiliary equipment
cabinets.

There can be no current flow in
any electric circuit unless there are
two conductors, one of which must
provide a return for the other. Thus
the transmitter output must have two
conductors—one hot and the other
grounded. The shield of the trans-
mission line should be tied to the

Fig. 15. Loop requires spei:ial technique.

transmitter (or phasor) frame and
to the copper ring or strap at the
base of the tower, but it should nor
be used to couple the transmitter
and other facilities in the building to
the antenna and ground system.
Neither should one or two ground
radials which may happen to extend
close to the building be used for this
purpose. Of course, it is also useless
to sink ground rods at the building
and hope for a good ground—inter-
face resistance between the rods and
ground, and between the ground ra-

.dials and ground, will produce an

appreciable resistance which will in-
troduce losses in the radiating sys-
tem. The station ground at an AM
transmitter site is established around
the tower (or towers), and this is
the reference point for the entire
plant. This station ground rmust be
carried back to the building by strap,
regardless of what other paths exist
along coax, sampling lines, etc.

Fig. 15 illustrates a sampling loop
attached to one tower of a direc-
tional antenna. If an insulated loop
is used, the sampling line is kept
insulated from the tower all the way
down, and no special precautions
must be taken. Sometimes, however,
an unbalanced loop is used, and one
side of the sampling cable is con-
nected to the tower. To avoid
grounding the radiator for RF, the
cable is coiled at the base to present
a high impedance at the operating
frequency.

FM and TV transmitters and an-
tennas do not require the extensive
physical grounding systems used in
AM. The usual AM station uses an
unbalanced quarter-wave Marconi
antenna, in which the active radiator
is only half of the entire radiating
system. The system takes advantage
of ground-wave propagation, which
is good at broadcast frequencies.
The secondary sky wave may or may
not be useful, depending on the par-
ticular channel and station power.

At VHF and UHF, the usual an-
tenna consists of a modified bal-
anced Hertz antenna, nominally a
half wavelength. The antenna con-
sists of two elements. (per active
bay) which are insulated from each
other and from ground. Radiation is
propagated via line-of-sight waves;
there is no ground wave, and most
transmitting antennas are designed
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to minimize sky waves, which are
not considered useful at VHF and
above. Since the ground does not
form part of the radiating system
for FM and TV, grounding proced-
ures are much simpler.

Connection to the earth at an FM
or TV transmitter site is sometimes
simplified if an AM transmitter is
also installed, for the station ground
is already established, and the VHF
transmitter can often simply be tied
on to the existing ground system.
However, if crosstalk between the
services results, it may be necessary
to set aside a plot of ground, outside
the building and apart from the AM
strap and radial system, where
ground rods or a copper plate are
buried for the purpose of grounding
the FM or TV transmitter system.
Because very high inductive reac-
tance exists in conductors at UHF
and VHF, it cannot be over-empha-
sized that the station ground should
be as close as possible to the trans-
mitter. It is also important that the
antenna-supporting tower frame be
strapped to the main station ground,
both for lightning protection and to
prevent undesirable radiation from
the tower.

Equipment Grounding in
RF Fields

Grounding procedures applicable
to DC, power frequencies, audio and
video frequencies, and RF have
been discussed. However, DC con-
trol equipment, AC lines, audio and
video amplifiers, and other devices
are quite often found in the same
building with a high-power trans-
mitter, and in the presence of such
an intense RF field, further RF

grounding considerations are in
order. It is not unusual to find a
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medium-sized install