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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 -
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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.

February, 1966

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.

20

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,
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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
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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

BROADCAST ENGINEERING



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 installation that in-
cludes an AM and an FM trans-
mitter, the latter with both stereo
and SCA multiplex generators; a
remote-broadcast transmitter or two,
a couple of studios with consoles,
turntables, preamps, and tape re-
corders; a rack or two of automation
equipment for FM; teletype ma-
chines and beeper phones; fluores-
cent lights; tower-light flashing cir-
cuits; mercury-vapor rectifiers; and
even audio intercom and talkback
circuits. In short, the RF spectrum
in such a plant contains a consider-
able amount of radiation at various
frequencies and power levels. Het-
erodyning, intermixing, and inter-
modulation are widespread in vari-
ous nonlinear circuits and detectors,
remote-metering diode circuits, and
audio-input grid circuits. If a TV
station is also present, horizontal-
sweep interference and RF from the
transmitter stages is added to the
interference spectrum. The result is
that proper grounding becomes an
absolute necessity if all of the vari-
ous services and units are to coexist
peaceably.

The first point about grounding
in strong RF fields is that a ground
bus is useless for anything but
within-chassis use. The use of large-
diameter copper bus for grounding
within racks and equipment consoles
was discussed previously in connec-
tion with audio and video grounding.
However, where a high RF field
exists, racks and other units must be
tied in to the station ground with
copper strap—2” will do, but 4”
is better. Fig. 16 illustrates the pro-
cedure. Where the strap is bolted to
chassis or frame, paint must be re-
moved and the metal scraped or
brushed until bright and clean. Nuts,

=5 Al

Fig. 16. Thorough grounding is necessary for equipment located in a strong RF field.
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bolts, and washers should be cad-
mium plated—never raw steel or
iron, which rust and corrode. Sol-
dering should always be done with
silver solder and a torch. Where
something movable such as a metal
door or a floating turntable frame,
must be grounded, use heavy braid
of the type used for auto-battery
cables.

RF in audio and video equipment
can show up as feedback, high noise,
bars on a monitor screen, etc. Since
even a small piece of unshielded
wire makes a very efficient antenna
for VHF or UHF, shielding must be
done conscientiously and must be
properly grounded.

It is sometimes found that a par-
ticular piece of highly sensitive ap-
paratus, such as a harmonic-distor-
tion and noise meter, will pick up
RF when used in a high ambient
field from several transmitters. As-
suming that AC line bypassing is
adequate, various methods and
places of using strap and/or braid
between the meter case and the sta-
tion ground should be tried. If un-
desirable RF pickup and erratic
meter readings persist, it may be
necessary to spot-solder copper
sheeting inside the meter cabinet.
Panel-to-chassis and  cabinet-to-
chassis connections should be check-
ed for tightness. Also try running
several pieces of braid from the
chassis to the cabinet and the front
panel. The best possible contact
must be made between the protec-
tive cabinet shield and the station
ground system.

Nonbroadcast electrical equip-
ment must be treated separately in
the studio-transmitter plant. Such
things as air conditioners, drinking
fountains, ventilating fans, fluores-
cent lights, heater motors, and the
like, should preferably be grounded
to the separate AC ground system.
If they still produce interference to
the broadcast gear, perhaps the only
thing left is to run strap from the
offending appliance directly to the
earth below it.

There is an old saying in elec-
tronics: “Ground is ground, the
world around.” Yes, the ground—
meaning the earth—is the same no
matter where you go. But the way
you fie equipment to ground is not
the same. A
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You'll find our TSAI s s = * = * il SSSSg
Clamping/ Equalizing \ i - @2 —

Video Amplifier S3highly satisfactory in microwave

video application. It’s all solid state, designed to process signals
from microwave, mobile gear, master control, or feed corrected
signals to the input terminals of a television transmitter. It has a
self-contained regulated power supply.

Controls are provided for sync stretching or compressing, white
stretching and white clipping. The equalizer will equalize
approximately 500 feet of cable. You’ll find the TSAI Clamping/
Equalizing Video Amplifier highly satisfactory in microwave
application. As in all International Nuclear solid state
equipment, high stability is achieved with minimum maintenance.

The TSA1 Clamping Amplifier employs clamps to remove low
frequency deficiencies. The clamping technique, however, is
different. Tip clamping is employed which does not disturb

burst and other chrominance information in or about blanking

or back porch levels. This means you'll also find the TSAI
particularly adaptable for color transmission.

$85000 each F.0.B. NASHVILLE, TENNESSEE [internationa]

We invite your inquiry, write or phone collect today

INTERNATIONAL NUCLEAR CORPORATION

g [)
608 NORRIS AVENUE e NASHVILLE, TENN. e PHONE 615-254-3366
Circle ltem 12 on Tech Data Card

February, 1966 29



Mananas oo ph

Soradiohicion, oo




COLOR TV TAKES A GIANT LEAP FORWARD WITH THE REVOLUTIONARY NEW...

elychyomelEamena

Sarkes Tarzian, Inc. brought a fresh outlook to the problems of color television. We were free to explore

all possibilities. We had no commitment—economical or philosophical—to an existing system, with its
inherent faults.

We had no hesitation to innovate, where innovation was called for. Likewise, where we found a proven

concept, we adopted it.

Results ? The revolutionary, full-color Polychrome Camera system—the only color system offering a
choice of tubes.

Here is color television previously unknown. Here is color performance to still the remaining skeptics.

Here is rare purity of color . . . rigid stability . . . delicate detail.

And while our engineers were at it, they designed out heaviness and awkward appearance—giving the
Polychrome Camera a trim, eye-pleasing silhouette in a unique magnesium housing. Like its mono-
chrome predecessors, Tarzian's Polychrome Camera systems feature 100% transistorized circuitry.

The first Polychrome Camera systems are scheduled for June delivery.

\$/ Symbol of Excellence in Electronics

Circle Item 13 on Tech Data Card

WWALamericantadiohistons.com



Advanced, Solid State

Super B Series

MEETS OR EXCEEDS ALL NAB SPECIFICATIONS AND REQUIREMENTS

And Here's the New
Economy King

COMPACT 400-A

Don't let their low price fool you.
New, solid state SPOTMASTER
Compact 400's are second only to
the Super B series in performance
and features. Available in both play-
back and record-playback versions,
these Compact models share the
traditional SPOTMASTER em-
phasis on rugged dependability.

Top Quality

Superior SPOTMASTER tape car-
tridges are available in standard
timings from 20 seconds to 31 min-
utes, with special lengths loaded
on request. In addition, Broadcast
Electronics offers a complete selec-
tion of blank cartridges, cartridges
for delayed programming and heavy
duty lubricated bulk tape. Prices
are modest, with no minimum order
required.

Introducing the Super B, today’s
truly superior cartridge tape
equipment.

New Super B series has
models to match every
programming need—record-
playback and playback-only,
compact and rack-mount.
Completely solid state, handsome
Super B equipment features
functional new styling and ease
of operation, modular design,
choice of 1, 2 or 3 automatic
electronic cueing tones, separate
record and play heads. A-B
monitoring, biased cue recording.
triple zener controiled power
supply, transformer output . . .
all adding up to pushbutton
broadcasting at its finest.

Super B specs and performance
equal or exceed NAB standards.
Our ironclad one-year guarantee
shows you how much we think
of these great new machines.

Write, wire or call for compiete
details on these and other
cartridge tape units (stereo, too)
and accessories . .. from
industry's largest, most
comprehensive line, already
serving more than 1,500 stations
on six continents.

BROADCAST
ELECTRONICS, INC.

8800 Brookville Rd., Silver Spring, Md.
Area Code 301 ¢ JU 8-4983

Circle Item 14 on Tech Data Card
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BOOK REVIEW

North American Radio-TV Station
Guide, 3rd Edition: Vane A. Jones;
Howard W. Sams & Co., Inc, In-
dianapolis, Indiana, 1966, 128
pages, 5v2” x 8'2”, paperback,
$1.95.

This little book lists information
on the facilities of more than 1000
television, 1500 FM, and 5000
standard broadcast stations in the
United States and its possessions,
Canada, Mexico, Cuba, Haiti, the
Dominican Republic, and the islands
of the West Indies. Listings are or-
ganized by location (country, state,
province, etc.), frequency, and call
letters.

The AM listings are the most
comprehensive. In the listing by fre-
quency are given call letters and
location, day and night power, net-
work affiliation, and such supple-
mentary information as temporary
or special operating conditions, sta-
tions broadcasting country and
western music, and stations autho-
rized but not on the air. In the list-
ing by location arc given city of
license, frequency, daytime power,
and symbols indicating different
night power, daytime-only opera-
tion, and other information.

In the TV listing by location are
given call letters, city of license,
channel number, and nctwork af-
filiation. ETV stations are identi-
fied, and for satellitc stations, the
station rebroadcast is listed. Stations
not operating at the time of publi-
cation are indicated. All of this in-
formation is repeated in a listing or-
ganized by channel numbers.

FM stations in the United States
and Canada are included in two
lists, one by location, one by fre-
quency. The FM listings include call
letters, city of license, and fre-
guency. Symbols indicate noncom-
mercial educational stations, sta-
tions broadcasting stereo, stations
featuring country and western mu-
sic, and stations temporarily not on
the air.

An integrated alphabetical call-
letter list includes all three classes
of stations.

The compact size and concise for-
mat of this book should make it a
useful reference source for anyone
who has need of the information it
contains. A
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Many dynamic microphones entering the market
in recent years appear to have all the qualities

of condensers. In some cases their frequency
curves show linear responses from 30 to 18,000
Hz. They also claim performance comparable

to condensers due to new diaphragm materials.
Why'is it then that professional recording studios
are filled with condenser microphones? Why is it
that the condenser microphone is used as a
standard measuring tool against which all other
types are compared? Why is there such a startling
difference between the condenser and other

types in A-B comparisons?

Much of the answer lies in the microphone’s
response to transients — the attack of a bow on

a string, the strike of a drum, the nuances

of a human voice.

A dynamic microphone diaphragm must be
massive in order to achieve a low enough

resonant frequency to reproduce the lower end of
the audio range. This is true for all magnetically
operated microphones, including ribbons. The
ribbon type achieves its low resonant frequency by
its great compliance which results in a fragility
too great for many applications.

Condenser types, on the other hand, have resonant
frequencies well above the audio spectrum,
permitting the lowest possible diaphragm mass.
The condeénser’s diaphragm is not required

to move a voice coil as in the dynamic nor

is it surrounded by a large magnetic

structure as in the ribbon,

it is free to follow the sharpest

audio transients.

Frequgndy Response — $-10 CONDENSER MICROPHONE
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FIGURE 1 FIGURE 2

In order to measure the transient response of a microphone, it is
necessary to subject it to the severest of all acoustic transients — the
shock wave, in this case produced by an electrical discharge. The
acoustic transient produced has a risetime of less than one
micro-second. By observing the output of a microphone subjected to
such a shock wave, its transient response can be determined.

In order to portray this shock wave as accurately as possible a special
pressure condenser microphone was built using an extremely small,
light diaphragm with linear frequency response well beyond 200,000
Hz. Figure 1 shows the characteristics of the shock wave as
measured by this special microphone in an anechoic chamber.
Figure 2 is a dual beam presentation of the response of two
microphones to the same shock wave at the same instant. The upper
trace shows the response of the new SYNCR@N S-10 condenser
microphone, It shows a risetime of 15 micro-seconds and an
insignificant amount of ringing and overshoot. The lower trace shows
the response of a leading cardioid dynamic microphone at the same
instant. The risetime is 40 micro-seconds and a significant amount
of ringing and overshoot is evident.

Comparisons of the S-10 with virtually all leading dynamic
microphones have produced essentially the same results as shown
here — graphic proof that frequency response curves do not tell

the whole story . ..

UNIPOLAR RESPONSE

The S-10’s on-axis frequency response shows all the

smoothness and wide range expected of condenser

\ microphones. Just as important, the frequency
", response for off-axis sounds is very linear, The

J' polar pattern pictured here indicates a deviation

A of no more than 2 dB. from the on-axis response
for frequencies of up to 10 kHz. These curves

were produced by an actual S-10 microphone in

an anechoic chamber and are not artists’

conceptions. Each S-10 microphone produced is

tested under identical conditions and an individual

response curve is furnished with it. For a nominal

charge, S-10 owners may return their microphones to

SYNCR®N at any time for verification of this performance



SELF-CONTAINED

CAPSULE MULTI-CONDUCTOR A.C. CABLE

OUTPUT CABLE

The S-10 Field Effect Transistor circuitry has
noise performance superior to tubes — and

the obvious solid state advantages of longevity
small size, and low power consumptian without
the necessity of resorting to complicazed RF
circuits. Microphonics and heat generation

SYNCR@N's employment of the latest semiconductor and battery
technology obsoletes elaborate condenser microphone
‘“‘systems’’. The external power supply is eliminated, enabling
the S-10 to be used with the ease of a dynamic microphone. The are entirely eliminated. In addition, the
condenser element is permanently polarized at a potential of inherent linearity of the FET make; possible a
62 volts. Electronic circuitry is powered by a single inexpensive dynamic range unequalled by tubes or
mercury battery encased in the microphone body. Battery life is transistorized RF circuits, thus eliminating
1,000 hours minimum with simple insert replacement. The S-10 the need for costly overloa'd protection devices.
can be used with assurance on critical ‘‘no second chance” The S-10 is not encumbered by over-design
pickups. There’s no tube filament to suddenly burn out. The or trick circuits. The emphasis is on

end of battery life is signaled by a slight increase in distortion, simplicity, quality, and reliability

giving the user several hours advance warning at ' )
replacement time.

Battery replacement is accomplished easily

in a matter of seconds without the use >f tools.
The single mercury battery — Mallory TR-126
or equivalent — is easily obtained locally.
Substitution of a three-wire shielded cable
adapts the S-10 for remote on-off switching,
and the addition of an S-104 battery bypass
enables operation via an external source of

8-9 volts when inaccessibility or continuous
service are factors.

THE SOUND

The first and final analysis of microphone quality

concerns sound. The clear superiority of condensers has been
proven through the years with their universal use by recording
centers, film studios, broadcast operations, orchestras, vocalists, a0
and everyone sensitive to highest fidelity. The S-10 fulfills the '{'-
really important requirements: superiority in the lab and f‘ A
superiority in the studio. A L
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S-10 Microphone SPECIFICATIONS

Type:

Frequency Response:

| Capsule Capacitance:
| Diaphragm:

Directional
Characteristic:

Overload Protection:

Total harmonic
distortion:

Output Level,
200 ohm load:

Noise:
4]

Output Impedance:

Amplifier:

Microphone Connector:

Cable:
Power Supply:

Mount:
Finish:
Dimensions:
Weight:

Price:

Pressure gradient, condenser
40 — 20,000 Hz = 3db

60 pf

Mylar

Cardioid at all frequencies,
20 db front-to-back ratio

None needed

Less than 0.5%, to 124 db
SPL at all frequencies

53 dbm re 10 dyne/cm?

Less than 27 phon,
(DIN 45405)

Less than 23 db SPL
(DIN 5045)

200 ohms nominal,
characteristics unaffected by
any load from 30 ohms ta @

Field Effect Transistor

4 pin XLR type (serves as
on-off switch)

2 wire shielded, stripped and
tinned, 20 feet

Single TR126 mercury
battery, life — 1000 hours

5" — 27 swivel stand mount
Satin nickel

7" diameter x 7 34" long

9 oz. with battery

$240.00 complete with
battery, carrying case,
swivel mount, and cable

Prevents wind noise and
effectively reduces plosive
speech sounds without
affecting microphone
characteristics. 1009, nylon
construction. Weight: 15 oz.
Diameter: 2 inches.

Price: $14.95

A heavy brass casting
provides maximum stability
on three padded legs. Unique
swivel band permits
finger-tip positioning — 360°
horizontally, 150° vertically.
Rich textured vinyl finish.
41/ high, 1014, long, 714"
wide. Weight: 13/ Ibs.

Price: $19.95.

Eliminates vibration and
shock problems. Used on
floor stands, booms, and desk
stands. Construction: brass.
4" diameter. Equipped with
swivel mount 53 — 27
thread. Weight: 8 oz.

Price: $29.95

SYNCRON
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We interrupt this magazine to bring you...

Late Bulletin from Washington

by Howard T. Head

Late Renewal Applications to Draw Fines

The Commission has announced that beginning with those renewal applica-
tions due to be filed by March 1, 1966, it has instructed the Broadcast
Bureau to note all instances in which such applications are not filed
by the applicable deadline, Unless the Bureau finds the delay to be
justified, the Commission intends to levy forfeitures (fines) for late
filing.

Some 300 to 400 broadcast licenses must be renewed every two months,
Late filings have been troublesome to the Commission in the past, and

the levying of fines is intended to avoid this burden.

Increased Minimum Power Proposed

The Commission has invited comments on a proposal to raise the minimum
power required for all new standard broadcast station applications to

250 watts. At present, applicants for new Class IV stations on the local
channels may propose powers as low as 100 watts, Minimum power require-
ments are 250 watts for Class II stations on clear channels, and 500
watts for Class II11 stations on regional channels,

Existing Class IV stations operating with 100 watts power would be per-
mitted to continue operation, although they would be encouraged to apply
for power increases to the new 250-watt minimum., There’s one catch,
though -- the 250-watt operation would have to meet all of the interfer-
ence standards,

Revised FM and TV Propagation Curves Due Shortly

The Commission'’s staff has completed revisions in the basic data under-
lying new FM and television propagation curves (November, 1965 Bulletin).
At a recent meeting of a joint Industry-Government Working Group estab-
lished to study these revisions, general agreement was reached on re-
vision of the curves, and the new curves are expected to be proposed for
adoption soon,

The new F(50, 50) curves for FM and VHF television broadcasting are ex-
pected to differ but little from those presently employed. At UHF, how-
ever, the new curves will show generally lower fields than those calcu-

lated using existing curves, The new curves will also take into account
the effects of varying terrain roughness, which is of particular impor-
tance at UHF,

February, 1966
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Program Requirements in Effect for Microwave-Fed CATV

As a result of responses received to questionnaires sent by the Commission
to all known CATV systems (August, 1965 Bulletin), the Commission has
concluded that all but a small percentage of microwave-served CATV systems
already comply with the requirements for the carriage of local television
broadcast stations and nonduplication of local programs by distant stations
also carried on the CATV system, An even smaller percentage of these
remaining systems would encounter technical difficulties in complying

with the carriage and nonduplication requirements. As a result of these
responses, the Commission established February 1, 1966, as the date after
which the carriage and nonduplication requirements will apply to all
microwave-fed CATV systems.

In several recent cases, however, the Commission has given favorable
consideration to individual requests for exemption from the requirements,
In one instance, a CATV system was exempted from both local-carriage and
nonduplication requirements because of the poor technical quality of the
local broadcast signal (particularly in color), and because limited CATV
cable capacity would have required dropping an outside channel to carry
the local signal.

Short Circuits

The U, S. Armed Forces have inaugurated ''Stratovision,' television trans-
missions from high-flying airplanes, covering both North and South Vietnam,;
programs are intended both for U, S, troops and the Vietnamese.,,New guide
lines governing suburban broadcast stations have been issued by the
Commission in an attempt to distinguish between true suburban stations

and those which actually attempt to serve instead the metropolitan center...
The Commission has rejected a proposal by a UHF television broadcaster

in Massachusetts that he be permitted to broadcast CATV pickups without
the usual rebroadcast permission...The Commission, on a waiver basis,

has authorized educational television translators to be used in Detroit

in conjunction with ITFS transmissions (2500-2690 mc) rather than with

a broadcast transmitter as normally required by the Rules.,.,Over 30
Commission personnel, including Chief Engineer Ed Allen, retired from

the Commission last December 30.,.The NAB Engineering Advisory Committee
has approved plans for a complete revision of the NAB Engineering Handbook
to replace the 5th Edition published in June, 1960,

Howard T, Head...in Washington

BROADCAST ENGINEERING
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So far, there’s only one applicant

It’s Lenkurt's 76 TV microwave transmission system.

This is the system that’s bringing top-quality color and
black & white TV into areas where they used to think some-
thing was wrong with their picture if it didn’t have snow
most of the time.

For instance, take the 76 TV Studio Transmitter installation
at station KOLO-TV in Reno, Nevada. Since the 76 is
transistorized, the new system operates with practically no
maintenance, quite a bonus to KOGLO-TV because one of
their microwave terminals is located on Freel Peak, where
20 foot snows and 100-200 mile winds are not uncommon.

Another outstanding feature of the 76 system is its versa-
tility. At the University of Kansas Medical Center, a 76 ETV
system makes it possible for students to participate in classes
being presented at a sister campus, 45 miles away. This is one
of the few two-way ETV systzms in existence. This system is
significant because of the high resolution it provides for
remote observation of medical techniques.

And the Columbia Basin Microwave Company is using our
microwave to transmit two off-the-air pickups through an
extensive 76 network to serve several CATV companies and
school districts.

So, whether you're planning a community TV setup, an
Educational TV program, or want to join a network, and you
want rugged, reliable equipment to help with top-quality color
and black & white TV transmissicn, you'd be doing a smart
thing to write us for the resume on our money-saving, solid-
state 76 TV microwave system.

Lenkurt Electric Co., Inc., San Carlos, Calif. Other offices
in Atlanta, Chicago, Dallas, and New York City.

LENKURT FLECTRIC

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GFEE

Circle Iteam 16 on Tech Data Card




FOR THE ONE
SOUND ENGINEER
IN THREE

WHO IS VERY
PARTICULAR

-

AUDIO MIXER

» ks
B vain araesis s
i
i
1

Unique plug-in preamp modules gives you
6-channel mixing with choice of input
levels or impedances in any combination
at no extra cost. Additional low-cost plug-
in units can be supplied for maximum flex-
ibility in use. One input can be used as a
1000 cycle tone for system balancing.
Separate and master gain controls, sep-
arate bass and treble controls, farge illu-
minated VU meter with range switch. Main
output 60051, transformer coupled, bal-
anced or unbalanced. Additional output
from emitter follower for feeding tape re-
corder or amplifier. Solid state throughout.

MULTIPLEXER

FILM PLANE

7" PROJ. LENS
FIELD LENS

NO_T0H

SLIDE Pumc/ MIRROR 25 MM (1"} "C"-MOUNT LENS

7§ PROJ. LENS
3} PROY LENS ——

FILM PLANE —

The multiplexer provides for three
projected light inputs to the TV
camera. Beam splitter mirrors or
prisms are used to direct the light
from any one of the three sources
onto the one optical axis where a
virtual image is formed in the field
lens.

Write for complete specifications.
See hew well-designed quality equip-
ment doesn’t have to cost more.

BRADFORD
INFORMATION
SYSTEMS, INC.
7312 N. Ridgeway Ave., Skokie, I!i. 60076

Convention

(Continued from page 16)
nomical automated operation de-
signed by himself and the technical
staff of that station. The system is
in operation during nighttime hours.

E. Mott, chief enginecer of sta-
tion CJAD, Montreal, gave a paper
on research into the cure of inter-
mittent shut-downs due to lightning
strikes. This station has four 675’
towers, and its location is such that
it is subject to excessive static and
lightning discharges. A solid-state
VSWR device with rapid control of
the steep wavefronts was developed
and is operating satisfactorily.

CFRB’s switching facilities and
installation problems were discussed
in a paper given by Mr. R. Cam-
bridge of the Northern Electric Co.,
installers of the equipment.

Electro-Voice microphones were
shown and the design features ex-
plained in a paper given by Mr.
Desjardins of that firm.

The Canadian Government was
represented by Mr. J. T. Chrome
of the Department of Transport,
speaking on “Channel Allocation
for FM Broadcasting Stations.”
RCA of Montreal was represented
by Mr. Dashney’s paper on “Funda-
mentals of Compatible Colour.”
This was illustrated by 60 color
slides.

Station CFRA from Ottawa
brought their mobile unit to illus-
trate Mr. G. Roach’s contribution,
“VHF Mobile Radio Links in a
Broadcasting Station.”

From Gates Radio came Mr. W.
Holbrick with “Preventing FM Ov-
ermodulation” as his subject.

As has been the custom for many
years, McCurdy Radio Industries
provided the many “Coffee Breaks.”

Station CJAD arranged a visit to

CFRB dual master control and switcher.

its transmitter site, a visit to the
CFTYV studios, and a trip to the top
of Mount Royal for a look at the
CBC’s two-station TV set-up and
the operation of dual TV trans-
mitters by Canadian Marconi Co’s.
CFCF and CFTM.

The 15th annual meeting of the
CBA Engineering Section was a
complete success, and those who
worked on its preparation are to be
congratulated. A

In next
month's

PRE-NAB

Issue:

Radio-Station

Floor Plans

Just one of the
informative features

in this special issue.

Sca&z Precision Antennas

* OFF-THE-AIR PICKUP —FM or TV
* LOW POWER UHF, VHF TV TRANSMITTING
* STL AND TELEMETERING ANTENNAS

Engineered to meet rigid FM and TV station specifications,
and to endure the tests of weather and time.

Built to your specifications by

SCALA RAD'O caRP. San l-ec;g;%l. Calif.

1970 Republic Ave.

Area 415—351-3792

Circle Item 18 on Tech Data Card
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Once upon a time, hundreds of broadcasters traveled
long distances to Washington, D.C., and came upon
an amazing sight. They could hardly believe their
eyes, for they saw genuine color fidelity on a tele-
vision receiver for the first time.

It was all produced by the electronic magic of a new
Norelco Plumbicon Color Television Camera which
faithfully reproduced everything it saw and wasn’t
even afraid of shadows.

Today, many of these cameras are in use in net-
work operations. Home viewers, broadcasters and
advertisers alike are happily enjoying the results of
this technical breakthrough.

With the magic of these new cameras, you too can
Color it Faithful!

Norelco Plumbicon Cameras are manufactured in
Mt. Vernon, N.Y, ses

STUDIO EQUIPMENT

Plumbicon
is a registered trademark

NORTH AMERICAN PHILIPS COMPANY, INC.
900 South Columbus Avenue, Mount Vernon, New York 10550

Represented nationally by Visual Electronics Corporation, 856 West 40th Street, New York, N. Y. 10018
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FM Overmodulation
(Continued from page 15)
designated point No. 1 in Table 1.
Realizing now that as the audio
modulating frequency level is in-
creased, normally termed “increas-
ing the percentage modulation,” note
that more and more side frequencies
are produced. Obviously a point
must be determined beyond which
these side frequencies must be
stopped. Otherwise, they will con-
tinue to spread until they interfere
with an adjacent-channel station.
This limiting point is by definition

A
(A) No modulation

the 100% modulation point, or, in
the example given, the 75,000-kc
deviation point. To quote Section
73.268 of the Rules: “The percent-
age of modulation of FM broadcast
stations shall be maintained as high
as possible consistent with good
quality of transmission and good
broadcasting practice and in no case
less than 85 percent nor more than
100 percent on peaks of frequent
recurrence during any selection
which normally is transmitted at the
highest level of the program under
consideration.”

8
(B) With modulation

Fig. 4. The percentage modulation can be determined with a calibrated scope.

In order to measure the devia-
tion of an FM transmitter, it is
necessary only to know the modu-
lation index. Table 1 shows some
typical values of the index that re-
sult in zero carrier. By listening to
the carrier frequency with a receiver
having a BFO, one can easily hear
each null as it is reached. By count-
ing the nulls and observing the per-
cent modulation as registered on
the station monitor, the accuracy
can be checked easily.

Special attention should be given
to the percent modulation indicated
on the station monitor in cases of
SCA and/or stereo broadcasting.
As shown above, the total modula-
tion cannot exceed 700%. Thus
we have to allow for these other
services. Section 73.319 (c¢) indi-
cates that the arithmetic sum of the
modulation of the main carrier by
SCA subcarriers shall not exceed
30% . However, if Stereo is also
employed, the sum of the subcar-
riers cannot exceed 10%. With
stereo, the percent modulation used
for the pilot carrier has to be be-
tween the limits of 8% and 10%.
If no SCA is used, about 90% re-

ﬁosm\m DIRECTORS
CHIEF ENGINEERS \SAVE TIM E\

manufacturing co.
motion picture | tv equipment

EXECUTIVES / Identifying, Evaluating, Cataloging,
Inspecting 16mm Motion Picture Film

. #.2
) mov
b 27

e View at up to five times sound speed.

® View at governed sound speed.

¢ Twelve sided prism, high quality, projection system.
¢ Rapid rewind without switching reels.

e Performs all functions forward and reverse.

¢ Available with or without sound.

5539 Riverton Ave., North Hollywood, Calif.
Telephone: 877-2173

Cable Address: Moviola, North Hollywood, CD

‘ on the

~ LIBRARY
READER

Circle item 21 on Tech Data Card
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Building
Block Concept
on automatic
broadcasting

Send for FREE 35-pg. booklet “Plan-
ning for Automated Broadcasting.”
Or call collect today 309-829-1228.

AUTOMATIC (A'rc TAPE CONTROL

1107 E. Croxton Ave. Bloomington, Il
Circle Item 20 on Tech Data Card
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Shure’'s remarkable new SM50 omnidirectional dynamic
microphone is SELF-WINDSCREENED! It is strikingly im-
mune to wind noises and explosive breath sounds—making
it ideal as a dependable “workhorse'’ microphone for remote
interviews, news, sports pick-ups and a variety of field and
studio applications. The five-element built-in windscreen
makes it virtually pop-proof in close talking situations. And
unfike other “built-in” windscreens, this one is “unitized”
and self-contained with no bits or pieces to re-assemble
after cleaning. In fact, you can actually rinse dirt, saliva,
lipstick and other screen-clogging foreign matter out of
the windscreen assembly under running water as often as
needed—or replace the “unitized” assembly if necessary
in a matter of seconds.

s—u== IS

this

needs no
external

Additionally, the SM50 is the cleanest sounding profes-
sional microphane at anywhere near its price class. It de~
livers highly intelligible, natural and pleasing speech and
vocal music that is especially full-bodied and rich in the
critical mid-range.

It is extremely rugged and will require little or no down time
as the years go by. Too, when comparing it to other mod-
erately priced omnidirectionals, it is lighter in weight,
supremely well-balanced for “handability,” has a detach-
able cable, and a rubber mounted cartridge for mihimizing
handling ncises. The SM50 is worthy of your most serious
consideration.

For additional information, write directly to Mr. Robert Carr,
Manager of Professional Products Division, Shure Brothers,
Inc., 222 Hartrey Avenue, Evanston, lllinois.

OMNIDIRECTIONAL DYNAMIC MICRGPHONE

SHURE STATION-TESTED AUDIO CIRCUITRY EQUIPMENT

fieids.

SE-1 Stereo Transcrip-
tion Preamplifier

Provides precise RIAA equaliza-
tion from magnetic phono repro-
ducers at Bne levels. Separate
high and low frequency response
trimmers. Lowest distortion, noise
level, susceptibility to stray RF p

Shure stereo equalizer and preamplifiers are braised as MAJOR
contributions to upgrading station guality by broadcasters.

MB6 Broadcast r
Stereo Equalizer |
Passive equalizer compensates

reccrded frequency to three
playback characteristics: RIAA,

flat,- roll-off. Provides precise
equatization from magnetic !
l‘dec]qp at microphone input

evel;

Circle ltem 22 on Tech Data Carﬂ
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mains for the right and left signals.
Neither right nor left signal, when
applied individually, can exceed
45% modulation if 10% is reserved
for SCA.

FCC Method of Determining
Percent Modulation

Stations have often been cited for
either overmodulation or undermod-
ulation by an FCC monitoring unit
when the station’s own monitor may
have indicated normal operation. As
indicated above, this discrepancy
can result from miscalibration of
the station’s monitor. Therefore, it
is helpful to understand that the
FCC employs its own method of
determining percent modulation.

Basically, the FCC mcthod con-

Table 1. Points of Zero Carrier

Point Modulation
Number Index

1 2.405
5.520
8.654
11.792
14.931
18.071
21.212
24.353
27.494
30.635

QLU WN

—

sists of taking the FM signal off the
air and displaying it on an oscillo-
scope. The oscilloscope is set up so
that with zero modulation there is a
straight line across the grid (Fig.
4). Then, as modulation is applied
by the FM station, deflections occur
both above and below this base line.
The distance the scope trace deflects
is directly related to the distance the
modulation deviates from the car-
rier frequency of the FM station.
For example, a deviation of 75kc
equals 100% modulation. Thus if
the scope grid were calibrated in
ke, an observer could tell precisely
whether the deviation was in excess
of 75kc. The only problem remain-
ing is to calibrate the oscilloscope
grid in some way. This is done with
a frequency meter. For each FM
station and frequency, it is necessary
to check the calibration before at-
tempting to dectermine overmodula-
tion. The vertical-gain control on
the oscilloscope is used to correct
for any minor calibration adjust-
ments required.

In some ways this method is sim-
ilar to the technique widely used
in calibrating AM modulation mon-

itors by viewing the deflection on an
oscilloscope. Possibly a system sim-
ilar to that used by the FCC mon-
itoring unit could serve as an addi-
tional protection against overmod-
ulation and as a tool in verifying
the accuracy of the station’s regu-
lar modulation monitor. The April
1964 issue of Broadcast Engineering
contains a more detailed description
of the FCC monitoring unit.

The above discussion should help
to clarify what frequency modula-
tion is and how it occurs. While
the percent modulation may not be
as easy to check as in an AM trans-
mitter, nevertheless, it can be meas-
ured (and should be regularly) in
order to prevent overmodulation.
With stations engaged in SCA and/
or stereo, this accuracy becomes
even more important. The FCC has
not yet established rules to cover
modulation monitors for SCA and
stereo, but will in the near future.
Several monitors now available are
capable of rcading individually and
collectively the various modulating
components. Those stations engaged
in SCA and stereo broadcasting
would do well to use one of these. A

Swabs are for babies:

S-200 is for cleaning tape heads (even while tape is running)

If you've been cleaning tape heads with a twist of cotton on a
toothpick—stop. Save time and do a better job with S-200
Magnetic Tape Head Cleaner. $-200 is a formulation of Freon TF®
with other fluorocarbons in convenient aerosol cans. It thor-

oughly cleans tape heads, guides and helical scan slip rings in

seconds, can be applied to running tape without interfering with

®Du Pont trademark

44

transmission. And heads stay clean longer. Users report over
twice as many passes of tape between cleanings with S-200 than
with swabs. $-200 Magnetic Tape Head Cleaner is recommended
by leading tape manufacturers. Available in 6 and 16-0z. cans.

Write on letterhead for literature and free sample.

miller-siephenson
chemical co..inc.

Route 7, Danbury, Conn.
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Now!
End “Off-Air” Panic and Eliminate

Temperature Worries Forever, with... WILKINS('N
SILICON RECTIFIERS

No more finicky temperature sensitive mercury vapor rectifiers. .. Go on cold mornings! Forget heating
and air conditioning! . . . Wilkinson Silicon Replacement Rectifiers produce no filament heat and function
below —60° C.

No longer high priced! Wilkinson Silicon Rectifiers cost less than others and can be repaired in seconds
with low-cost replacement diodes. Nc encapsulation used! No more guesswork or costly test time! You
know at a glance the exact status of your complete power supply because a “GO, NO GO" indicator
warns when the reverse leakage of any diode is in excess of 50 microamps. Wilkinson Rectifiers virtually
last forever!

Now it's easy and economical to solid state the power
supplies in high power equipment. With Wilkinson TUBE REPLACEMENT CHART
Rectifiers no rewiring is necessary. Just plug them into e, LR TRUE;ELATQEPSE B v e F}JR':(':TE

your present mercury vapor tube socket. Filament trans-

7 SR-3-1 866A 816 3KV 1 10.95

formers as well as other components are left in place. - ich= ek o 1T Sep

. . SR-10-12 872 8008 575 10KV 12 60.00
Modernize your equipment today! Consult the Tube = X

I t Chart shown here and order now! il NEy St STagRhle R T e

Replacemen : SR-14-12 | 872 8008 575 | 14KV 12 84.00

SR-20-6 6894 6895 673 20KV 6 100.00
SR-20-12 | 6894 6895 673 20KV 12 120.00
SR-24-15 869B 24KV 15 225.00
SR-32-25 857B 2KV 25 475.00

FEATURES: Light indicator on each diode warns of any diffi-
cuity or high voitage ON. ® Easily replaceable low-cost diodes.
® Reduces heat — power cost — hash. ® Operates from —65° C
to +70° C Free Convection. ® Eliminates warm-up time.

FOR COMPLETE DETAILS WRITE:

1937 MACDADE BLVD. « WOODLYN, PA. 19094
WlLKlNSON ELECTBONICS’ lNc' TELEPHONE (AREA CODE 215) 874-5236 874-5237
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Station-Break
(Continued from page 13)

Switchers

The older direct-type audio and
video switchers allow only simple
automatic functions to be performed.
A relay-type switcher, however, will
permit many variations in automatic
switching functions because the con-
sole push buttons supply only a
DC voltage pulse to relays which
do the actual switching operations.
If one already has such switchers
in use, preset switches can be used
or a pin board wired up to provide
the desired switch routings. When
the air equipment is modified to send
back ending pulses, a simple sys-
tem can be built to handle the panic
period without difficulty.

Present-day solid-state switchers
generally use solid-state switch-
points rather than relays (Fig. 5).
The actual video signal is passed
through the special switchpoint and
isolated from the control circuits.
Switching action is accomplished by
bias action on the switchpoint. The
bias is derived from the station sync

generator, or at least synchronized
to the vertical drive pulse. This
permits the switching to be accom-
plished during the vertical blanking
interval. There are also in use other
methods of developing the trigger
pulses. This brief explanation is in-
tended only to bring out the great
difference between new and older-
style switchers. While the end ob-
jective is the same with both types,
the methods used are different.

Programmers

Sophisticated commercial systems
which can operate during the panic
period with ease are also capable of
full or total automation. Simple
panic-period use does not do justice
to their full capabilities.

The simplest commercial system
makes use of a pin-board program-
mer to set up the desired circuit
routings and sequence of operation.
A full day’s programming may be
set up in advance by the use of
several of these boards, which can
be inserted as the desired sequence
arrives. The operation is quite sim-
ple. A timer supplies pulses through
the preprogrammed pin board to the

audio and video switchers and con-
trol circuits for the air machines.
A readout shows the time, events,
etc. This system is not a video or
audio switcher, but works in con-
junction with the station switchers.
It will operate any of the solid-state
switchers directly through appropri-
ate cabling, as it will do with a
relay or crossbar switcher. Any
manual or direct-type switcher must
be modified, and for this purpose
the manufacturer will supply an
optional relay package. There is also
an optional package to modify the
on-air equipment to accept starting
and stopping pulses from this pro-
grammer.

One type of commercial system
(Fig. 6) makes use of a 1” punched
paper tape to provide information
to the computer to control program-
ming for long periods of time or a
full day’s operation. A special type-
writer and integrated tape punch
are used to prepare the tape and the
program log (if desired). The
punched tape is then inserted into a
tape reader which sends electronic
signals (decoded from the tape) to
the memory or storage unit. The

STEREQ

ODEL AS- 500 $1350.

Circle ltem 25 on Tech Data Card
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SRE————

! "SPARTA.
. ANOTHER KEY TO 8 X ﬁI

_ SUGCESS

By

MONAURAL

MODEL A-500 $950.

ELECTRONIC CORPORATION

6450 FREEPORT BLVD.

(Microphone Optional}

+ SACRAMENTO, CALIF. 95822
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Yes, we have n

A

TELEMET COLOR EQUIPMENT does its part to keep yellow bananas yellow.
Although color definitely adds an important dimension to TV viewing, it also
places an additional burden of responsibility on the broadcaster. Station equipment
becomes more complex—and the subjective picture effects of even minor devia-
tions in equipment performance can be most severe.

These requirements for reliability and top color performance are met with this

precision TELEMET color equipment:

3514A1 COLOR STANDARD features proportional
oven-controlled 3.58 Mc crystal oscillator with
full binary division. Filtered 31.5KC output.

3516A1 COLOR SUBCARRIER REGENERATOR re-
generates 3.58 Mc for switcher or color sync lock
operation. Phase locks to back porch burst of
external 3.58 Mc within +1 degree.

3518A1 COLOR BAR GENERATOR computer cir-
cuitry generates accurate RGB drives for the en-
coder. Split field or full field bars or [, White and
Q signals.

3507C1 EIA SYNC GENERATOR provides accurate
jitter-free timing from external color lock.

3512A1 DOT GRATING GENERATOR permits ex-
tremely accurate convergence of color monitors.
Dot and line widths in the order of .1usec. Both
dots and grating available simultaneously.

3248A1 SUBCARRIER DISTRIBUTION AMPLIFIER
for multiple distribution of 3.58 Mc; input bridging
or terminated, with three identical isolated out-
puts and built-in 360 degree phase shifter.

Don’t gamble with color equipment. Call TELEMET today for full information

and assistance. No obligation, of course.

o ;
oo aat

TELEMET COMPANY

185 DIXON AVENUE, AMITYVILLE, N.Y. ® PHONE (516) 541-3600
SEE US AT NAB SHOW BOOTH 247
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DMS-3200 Digital Measuring System

HIGHLIGHT FEATURES

3.digit Biguinary Tube Read-out
Plug-in Flexibility

All-electronic

Fully-transistorized

Modular Design

Fully Field-tested

Automatic Polarity Indication
Automatic Decimal Point 1ndication

AS A DIGITAL DC VOLTMETER (DP100 Plug-in)
Range 0.1 millivolts to 1000 volts
Accuracy 10.1% FS, +£0.1% of reading
True integrating voltmeter design

DMS-3200 wain Frame $320 10 megobms input impedance at all times

(shown with OP-10)
AS A DIGITAL 1 MC COUNTER (DP150 Plug-in}
40.005% accuracy: Resolution 1 part in 107

(Overrange capability with sector read-out
permits 3-digit display to be equivalent of a

DP-100 7-digit instrument)

glcu‘“"me“' Frequency measurement range 0.1 cps to 1 me
e Period measurement range 0.1 ms to 999 sec-

: $175 onds

DP-150 AS A DIGITAL OHMMETER (DP170 Plug-in}
1 MC Counter | Range 0.01 ohm to 1,000 megohms

Plug-in .
Accuracy +0.1% FS, +0.2% of reading
$175

AS A DIGITAL CAPACITY METER (DP200 Plug-in)
DP-170 Range 1.0 picofarad to 10,000 microfarads

Ohmmetet Accuracy +0.1% FS, 10.2% of reading

Plug-in

$240 ) ) )
The DMS-3200 is designed for rugged industrial
and laboratory applications. By utilizing a de-

g’:aggo sign which has the optimum combination of

Meter accuracy capability and number of digit display.

Piug-n the DMS-3200 meets the general purpose mea-

$240 surement needs of industry for reliable, pre-

cision digital measurement equipment in the
$400-3500 price range.

THE HICKOK ELECTRICAL INSTRUMENT CO. « 10514 Dupont Avenue

Circle Item 27 on Tech Data Card
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GREENLEE CHASSIS PUNCHES

Make accurate, finished holes in 14 minutes
or less in metal, hard rubber and plastics. No
tedious sawing or filing — a few turns of the
wrench does the job. All standard sizes . . .
round, square, key, or “D” shapes for sockets,
switches, meters, etc. At your electronic parts
dealer. Literature on request.

GREENLEE TOOL CO. Gnsatss
5

2028 Columbia Ave., Rockford, lllinoi
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TIME
READOUTS
AlR
READOUTS
——
SWITCHING PULSES

STORAGE MEMORY UNIT, TO VIDEO/AUDIO

READOUTS AND INDICATORS SWITCHERS,
* ON-AIR EQUIP

TAPE

READER » {NPUT UNIT

}

MANUAL CONTROL
BOARD

-

Fig. 6. Block diagram of tape-programmed automation unit.

memory unit is usually built up from magnetic memory-
core units. The information stored in the memory unit
causes appropriate signal pulses to activate the various
readouts and switching paths as required through the
control section, and complete control is assured by
the automation unit.

Many of these systems have basic principles in
common, although they use different methods. For ex-
ample, one system which has a larger storage unit than
another can control longer periods of time without the
use of additional programming information. To make
it control a full day’s programs, punched cards and
additional associated circuitry may be included with the
package.

These systems can be programmed directly by the
control operator to the capacity of the storage system.
They provide a control panel by which he can control
the system, make changes in the stored information
at will, slow down or speed up the action, instantly
take over manual control, etc. The punched-tape sys-
tem also allows him to replace a section of tape when
changes are to be made.

Such systems have a precision master clock system
providing pulses to operate the readout countdowns and
synchronize the switching actions. Such time count-
downs permit the operator to know exactly where his
air programming is and at what instant or stage the
automatic action is progressing. He can make judg-
ments when to take control if, for example, a film spot
is running several seconds short of its schedule.

The punched-tape system has still another advantage.
The prepunched tape may be fed back to the special
typewriter, which will automatically print on the log
form what is encoded in the punch holes of the tape.

As was pointed out earlier, these systems are in-
tended ultimately for full or total station automation.
A full system is expensive, but need not be purchased
complete. To control the panic period, the basic
system only may be used. Even basic systems are ex-
pensive, but for many stations, the greater ease of
“on-air” programming and reduced errors afforded by
the systems will justify their purchase and installation. A

BROADCAST ENGINEERING
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Ultra Stable Circvitry

through complete and accurate
temperature compensation

AUTOMATIC VIDEO LEVEL CONTROL
Maintains video peaks constant to a preset level,
with reference to blanking.

CLAMPING
Sync tip clamps remove hum, tilt and other low
frequency disturbances.

SYNC LEVEL
Sync level is maintained at a constant amplitude
despite large variations in input.

EQUALIZATION
Accurately compensates for losses in up to 1000 feet
of coaxial cable.

REMOTE CONTROLS
Automatic/ Manual video gain
Sync Level
White Clip
Black Clip
By-pass switch

Price for the VI-500 $1,750.00 Remote controls $150.00 . .

600D ENGINEERING IS VITAL

WHITE CLIP
Adjustable sharp white clip remains fixed with re-
spect to blanking.
BLACK CLIP
Adjustable sharp black clip for monochrome opera-
tion.
WHITE STRETCH
Stretch adjustments provide a high degree of flex-
ibility to compensate for transmitter characteristics.
NON-COMPOSITE COLOR OUTPUT
Mono. or Color non composite output board in lieu
of white stretch is available at additional cost.

APPLICATION
Wherever there is video and you want to assure:

* Constant levels ® Constant clean sync * Elimina-
tion of tilt, hum and low frequency disturbances.

. Have you placed your order yet?

Write for complete information and specifications.

VITAL INDUSTRIES 00000 e mei s, o0
GAINESVILLE, FLORIDA—PHONE 372-7254
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5 E g / : Fe i HRW. &
FROM REPAIRS TO
COMPLETE OVERHAUL

« Video tape recorder service

« TV camera overhaul

» Antenna inspection measurements

« Microphone & pick-up repairs

« Transmitter performance measurements
« Custom fabrication

« Installation supervision

« Console repairs

« TV projector service

* Microwave service

Broadcasters have selected RCA
for dependable service over the
past 30 years.

To guard performance of all
your equipment. . .

simply telephone one of the
following field offices:

Atlanta (phone 355-6110),
Chicago (WE 9-6117),
Philadelphia (HO 7-3300),
Hollywood (OL 4-0880).

Or contact Technical Products
Service, RCA Service Company,
A Division of Radio Corporation
of America, Bldg. 203-1,
Camden, N. J. 08101.

The Most Trusted Name
in Electronics

by

Engineers’ Exchange
(Continued from page 6)

LOW - CURRENT
FUSES

INDUCTOR S

“\BOARDS

L “\_TRANSMITTER CHASSIS
; OR CABINET

is a rather expensive thing to re-
place them all, we had to find the
exact one—and that would be a
problem since the symptom was
only a momentary thing that oc-
curred at the most five times a day.

We finally decided to place all
the transformers and chokes on in-
sulated boards. We then connected
a low-current fuse between each in-
ductor and the chassis of the trans-
mitter. After about three days of
no transmitter trouble, we made a
check of our fuses. Sure enough, we
had a blown fuse going to the fila-
ment transformer of the 866 rec-
tifier tubes. We replaced the trans-
former, and after about four months
there still was no trouble.

Some engineers make a practice
of leaving inductors on boards and
continuing to use them even after
they have become permanently
shorted to the case. It should be
kept in mind that the inductance
changes when these shorts occur,
and the inductor no longer is op-
erating as it was before the short
occurred. In order to maintain top
performance in a transmitter,
shorted inductors should be re-
placed as soon as possible.

This item made Walt a repeat winner
in our contest.

Modification to
Cartridge Machine

by Robert R. Groome
Chief Engineer, WOOO
Deland, Florida

We purchased some ATC P-190
cartridge machines and ran them
through separate pots to our Col-

www americanradiohistorv com
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T201

@m

SCHEMAT{C BEFORE

T201

600 Q

H

B+

R213 |, —JUMPER

SCHEMATIC AFTER

line 212F-1 console. After an an-
nouncement had finished but the
tape had not run out, the output
cathode follower would hold our
compressor amplifier to about 7 to
15 db of compression. Anything
that went to a high-level input of
the console would be very low in
gain. To correct this, the follow-
ing changes were made:

Jumper R213 (10K resistor).

Rearrange C207 to shunt R214.

Rearrange leads of T201 so pri-
mary is in series with V202
(12AT7 second section).

Readjust R209 for best output.

It may be necessary to change
value of R214.

Finally, readjust R208 for best
frequency response.

This arrangement has worked
well during several weeks of use. A

HELP!

We're running short of items for
Engineers’ Exchange. We pay
cash for every one used, and to
the author of the item judged
best each month, we also award
a volume of his choice from the
Broadcast Engineering Notebooks
or Modern Communications
Course series. Send in your entry
today!

BROADCAST ENGINEERING



Every TV Station
Doesn’t Use Belden

Wire and Cable... ® but most of them do!

CHICAGO HOUSTON
Inthis mammoth new Mid-America The exclusive use of Eelden Camera,
y TVandradio broadcasting center, Audio, and Control Cables by this ABC

) 90% of all Camera, Microphone, affiliate helps them to maintain their con-
M\, and Audio Cables are Belden. tinuous, highly efficient programing.

BALTIMORE

In thei- new $2,0C0,000 studio btilding, Belden
Audio, Camera, and Control Caldes were used
exclusively,

The extensive use of Belden wire and cable by radio
and television stations reflects the engineered qual-
ity of all Belden wire and cable. It offers lighter
weight, lower coefficient of friction, greater flexi-
bility, easier termination, and exclusiva Beldfoil®
insulations for elimination of crosstalk.

Belden manufacturers a complete line of wire and
cable for all TV and radio broadcasting, recording
studios, remote control circuits, and similar applica-
tions. Call your Belden electronic distributor, or
write for catalog. *Belden Trademark—Reg. U.S. Pat. Off.  8-6-3

BELDEN **2NUFACTURING COMPANY 415 South Klipatrick * Chicago, Illinois 60644
Circle ltem 31 on Tech Data Card

power supply cords ¢ cord sets and portable cord-
age * magnet wire » [ead wire * automotive wire and
cable s aircraft wires « welding cable

Better Built—Better Buy—Belden SR PR
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BROADCAST
Turntables ..

v

$169.50
Separate Tone Arm
mounting plate for
easy installation

e Single lever controls
33, 45, 78 speeds

* Plays 45 RPM's
without adapter

® |lluminated speed
indicators

* Sold with or without
arm(GREY or REK-O-KUT)

¢ Instant acceleration

* Heavy duty —
professional quality

* Competitive low price

o Call or write for folder

Unconditionally
Guaranteed

—against defects in
material or work-
manship when given
normal maintenance

SOLD DIRECT
—~ORTO
DEALERS

TRYSSCO Eiectronics Mig.

6879 N. SUNNYSIDE, CLOVIS, CALIF,
PH. 299-4692

Circle ltem 33 on Tech Data Card

NOW...THE IDEAL

COAXIAL PATCH FIELD
for TV STATIONS

Normal thru coaxial cir-

cuits  without use of

patchcords.

® Source automatically ter-
minated in proper impe-
dance when load side is

patched.

Permits testing of active

= circuit  without interrup-
<y tion of signal. A
f ; e Extremely high density

(22 jacks on 19" x 134"

:
- ”l panel).
¥ 5
~ I:f‘iL e COJAX_ has all features
:}_ of COTERM except self-

termination ~ of  source
when load side is patched.
Accepts same patchcord
as COTERM.

5

N

auicK
DISCONNECT
CONNECTOR

Unique snap locking fea-
ture permits easy inser-
tion and removal even in

extremely high  density
patch fields.
e Easy to install using

standard tools and avail-
able for wide range of
coaxial cables.

We stock a complete line
of panels and related accessories.

Engineering Company

735 N. Saint Asaph Street, Alexandria, Va.
TWX 703-931-4200 Telephone: 703-548-3889

Circle Item 32 on Tech Data Card
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INTERNATIONAL

TV and FM in Spain

One of FEurope's highest television
transmitters, currently being installed in
Spain, will double Madrid’s TV broad-
casting capability early in 1966. The 5-
kilowatt VHF transmitter is being in-
stalled atop 7546’ Navacerrada Peak in
the Guadarrama Mountains north of
Madrid. The station will permit Spain’s
Division of Radio and Television Com-
munications to schedule programs en-
tirely independent of the existing na-
tional station. Supplying the transmit-
ting equipment is the IGE Export Di-
vision of General Electric,

Lured by rising consumer purchasing
power—per capita income has nearly
doubled since 1960-—and pressed by con-
gestion of its airwaves, Spain is placing
new emphasis on FM radio broadcasting.
Sale of 16 FM transmitters to one of
the country’'s largest networks, S.E.R.,
has been announced by Gates Radio
Company, subsidiary of Harris-Intertype
Corp. The transmitters, each. 1.000 watts
in power. are enroute to S.E.R. for in-
stallation in 16 different Spanish cities
throughout the Iberian Peninsula.

ETV System Expanded

Two microwave channels began broad-
casting educational television (ETV) pro-
grams simultaneously with an existing
UHF educational channel for the first
time in January. The multichannel broad-
cast of ETV lessons, originating from the
radio and television center of the Detroit
Public Schools, was transmitted over
UHF channel 56 and two 2500-mc chan-
nels. Combined broadcast programming
is now beamed continuously over the
three channels to 60 Detroit public

CE W e B 0§

schools A fourth broadcast source is the
Midwest Program for Airborne Tele-
vision Instruction (MPATI).

The 2500-mc system, manufactured
and installed by Electronics, Missiles &
Communications, Inc. (EMCEE), pro-
vides multichannel black-and-white and
color broadcast service. The cost was
about $20,000 for the first channel and
$15,000 for the second.

The first 2500-mc transmitter was in-
stalled in September, 1965; the second
commenced broadcasting a month later.
By the end of 1965, both microwave
channels were totally operative, and
proof-of-performance tests had been
completed.

Advantages of adding microwave chan-
nels to the existing UHF channel include
the ability to repeat programming
throughout the day. The multichannel
capability greatly reduces scheduling
problems. Also, the individual school
gains flexibility in selection of programs.

The system is capable of transmitting
within an approximate 15-mile radius.
Repeater stations can be installed at the
perimeter of this area to extend the
signal to additional communities.

NATIONAL

Color Television Test Film

The Society of Motion Picture and
Television Engineers has announced the
availability of a new Color Television
Test Film for use by laboratories, tele-
casters, manufacturers, producers, and
agencies as a “reference print” for sub-
jectively evaluating color release prints
and color television transmission sys-
tems and for performing quality control.

The film as produced in 16mm,
35mm, and 2x2” slide formats is in-
tended to serve the film laboratory and
telecaster as a “representative material”
to evaluate subjectively the product for
density and color balance, and as a final
evaluation of the performance of color
television transmission systems after the
chain has been properly set up.

Objects to FCC Proposal

The National Association of Broad-
casters has objected to the Federal Com-
munications Commission’s requirement
for an automatic measuring device in its
proposed rule authorizing remote control
of VHF television transmitters.

The NAB, which requested that the
FCC allow such remote control opera-
tion, asked the Commission to delete
from its proposal the necessity of pro-
viding a device to detect and measure
out-of-band radiation. NAB further ob-
jected to the requirement for manual
scanning of the spectrum if an automatic
device cannot be designed for practical
application.

BROADCAST ENGINEERING



An /Allenized/ VTR provides

High Band Color,
Simple
Troublefree
Operation,

Top Performance
and Economy

with the new
LoNG LIFE Allen

High-Band Head

Available as a complete machine to add to your facilities. Available as system components to re-equip
your existing VTR by Allen’s factory rebuilding exchange — for the best in High Band Color Operation.

B High Band Color — at modest cost; ALL BAND operation at the turn of a switch
B Automatic RF Processor — superior color with “hands-off’” operation
Simpler Equipment — far fewer controls and adjustments

n
B Best Performance — routinely meets or exceeds all performance specifications of the latest,
most expensive ‘“deluxe” VTR equipment

Stable “Sync-lock” Servo — positive lock both frame and line comparable to best sync
generator “‘gen-lock” — with instantaneous lock-up after tape guide pulls in

B Stable Signal System — incorporates all U.S. deviation standards including both

Low Band (SMPTE) and High Band operation
B Allen Factory-Rebuilt VR1000 Transport—self-contained flat tape console for tape handling convenience
® Plug-in Modules interchangeable with no readjustment

VISUAL ELECTRONICS CORPORATION
356 west 40th street » new york, n. y. 10018 ¢ (212) 736-5840

LODK TO VISUAL FOR NEW CONCEPRPTS IN BROADCAST EQUIPMENT
EEE————
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In a filing on Jan. 17 by Douglas
Anello, NAB general counsel, NAB said
it shares the Commission’s concern over
“potential interference to other services”
but noted that adequate safeguards are
“incorporated into present-day television
equipment which minimizes the possi-
bility of interference . . . by these trans-
mitters.”

NAB stated that the automatic meas-
uring device is not now available and
it is “problematical whether such a de-
vice could ever become a reality and ef-
fectively function in the area set forth
in the Commission’s proposal. It is in-
conceivable that this proceeding should
be associated with a yet-to-be developed
piece of equipment whose usefulness is
a subject of considerable debate.”

New FCC Examination Element

All field examination offices of the
Federal Communications Commission
will begin using a revised Commercial
Examination Element Three effective
January 31, 1966. This revised Element
3 corresponds to new study material
issued initially during January 1965.

The revised examination contains 100
questions of the multiple-answer type in
which the applicant is to choose the best
of five choices. 75% is passing,

Enters CATV

Stromberg-Carlson Corporation, a sub-
sidiary of General Dynamics, is entering

the Community Antenna Television
(CATYV) field in association with Eatron,
Inc. Under terms of the association,
Stromberg-Carlson, using some Entron-
developed equipment, will finance, engi-
neer, furnish, and install complete CATV
systems for telephone operating com-
panies. Entron equipment to be used by
Stromberg-Carlson in the CATV systems
includes high-power tubes and solid-state
all-band amplifiers.

High-Speed News Transmission

High-speed transmission of news be-
tween London, Paris, and Washington via
the GH205 telephone-speed data com-
munications system was demonstrated in
January by Standard Telephones and
Cables, Ltd., subsidiary of International
Telephone and Telegraph Corp.

In a three-way link between the Wash-
ington Post, the Newspaper Society, Lon-
don, and Agence France, Paris, copy was
sent on regular voice channels at speeds
up to 1200 words per minute.

After the copy is first punched onto
paper tape. then converted into corre-
sponding trains of electronic pulses by
the GH205 system, the transmission is
made over standard telephone connection
via suitable conversion apparatus. At the
receiving end, the copy is punched again
onto paper tape and fed into reproducer
sets to obtain printed copy for immediate
use, or further local transmissions over
normal teleprinter channels.

Three Grants for ETV

Approval of three grants totaling
$929,071 to establish or expand educa-
tional television facilities have been an-
nounced by John W. Gardner, Secretary
of Health, Education, and Welfare.

A grant of $725,190 to WGBH Edu-
cational Foundation will be used to ac-
tiviate WGBX on Channel 44 as the sec-
ond ETV outlet in Boston. The new sta-
tion will broadcast six days a week in
color to a population area of 5.3 mil-
lion in Massachusetts, Rhode Island,
New Hampshire, and Connecticut, in-
cluding 1.4 million students in 3,000
schools.

A Federal grant of $178,881 to the
University of Hawaii will be used to ac-
tivate a noncommercial television sta-
tion on Channel 11 in Honolulu as the
first step in a statewide ETV network.
The new station will serve 372,000 per-
sons, including 129,000 students in 190
schools. Channel 11 plans a 40-hour
week of daytime programs, with instruc-
tion in music, art, language, history of
Hawaii, social studies. science and arith-
metic for teachers and other professional
persons, vocational education, and com-
munity-affairs programs. The state plans
to distribute 700 television sets to ele-
mentary schools.

A grant of $25,000 to Fleorida East
Coast Educational Television will be
used to add a second production studio
for Station WMFE, Channel 24, in Or-
lando. The new equipment will enable

New Gates “Top Level”
positively prevents
FM overmodulation

Strong statement? Read what one FM broadcaster
has to say: ““We can run our total modulation up to
98% and hold it without overmodulating, balance
change or distortion.”” And another: “Truly it gives
a new sound . .. crystal-clear beauty ... rich and
vibrant program definition, and it makes the station

sound louder and fuller.”

The Top Level is for use between your limiting
amplifier and FM transmitter — designed for stereo
or monaural use. It is fully transistorized. Gives
instantaneous action. Extremely fow distortion.

Write for brochure 168 and NAB engineering paper.

 HARRIS

PORATION

GATES RADIO COMPANY e QUINCY, ILLINOIS 62302 U.S.A.

A subsidiary of Harris-Intertype Corporation
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The soundest sound in FM is the new sound of GATES
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the station to broadcast eight hours daily
instead of six, to serve 796,000 people,
including 231,000 students in 596
schools.

FM Station Uses New Empire
State Antenna

WQXR-FM, the first FM station to go
on the air in New York City (in 1939),
is the first station to transmit from the
new master FM antenna atop the Em-
pire State Building. The WQXR-FM
transmitter, operating on 96.3mc (Chan-
nel 242), inaugurated its high-altitude sig-
nal officially on Wednesday, Dec. 15.

A new transmitter has been installed
by WQXR on the 81st floor of the Em-
pire State Building. This equipment will
feed the station’s signal to the master an-
tenna 21 floors above through coaxial
cables and will extend the hearing range
of WQXR-FM to an average 73.9-mile
radius from the 34th Street site. Lo-
cated 1250" above the ground, the mas-
ter antenna is situated above and below
the observation windows on the 102nd
floor of the building. The antenna is
omnidirectional, providing a circular pat-
tern with horizontal and vertical polari-
zation. The antenna can accommodate
17 stations.

Color TV in Puerto Rico

A new station in San Juan, Puerto
Rico, has ordered the island’s first color
television studio equipment from the
Radio Corporation of America and ex-
pects to begin color broadcasts in March.
The equipment, including a complete
color TV film system, will be delivered
to El Imparcial Broadcasting Company
for WITA-TV, its UHF station sched-
uled to broadcast on Channel 30,

PERSONALITIES

Three supervisory engineers each with
16 years experience at WPIX, New

February, 1966

York have been promoted to assistant
chief engineers. Dominick Bruno will be
assistant chief engineer in charge of
transmission, Louis J. Climent will be
assistant chief engineer in charge of op-
erations, and John E. Neeck will be as-
sistant chief engineer in charge of facili-
ties.

Bruno, a Demarest, New Jersey resi-
dent, has been with the station since
May 1948 and an engineering supervi-
sor since 1953. He was in charge of the
new antenna system installed by WPIX
on the Empire State Building tower to
overcome the canyon handicaps of sky-
scraper New York City.

Climent, who joined the station in
June 1948 as its mainterance super-
visor, has had his responsibilities in-
crease concurrently with the broadening
horizons of television operations and
WPIX-FM. In his new post, Climent, a
Bayside, Queens, resident, will be di-
rectly responsible for both studio and re-
mote engineering tied to the station’s
colorcasts of the New York Yankees’
home baseball games.

Neeck, who joined WPIX in July,
1948, is now directly responsible for the
color television and black-and-white
camera, video-tape, and film-chain com-
plexes the station has been installing
in its program for color expansion which
was initiated in 1964, He is a resident of
Douglaston, Long Island.

Albert H. Chismark, director of en-
gineering of Meredith-owned WHEN-
TV, Syracuse, New York, has been
named director of engineering of Mere-
dith Broadcasting Company, a new ex-
ecutive post. He will be based at Syra-
cuse to continue his present duties, and
will report to the president of Mere-
dith Broadcasting at Omaha, Nebraska.

Mr. Chismark joined WHEN-TV as
station engineer in 1955, and in 1957
was appointed director of engineering.
From 1946 to 1955 he was chief en-
gineer and assistant manager of WTRY
Radio and WTRI-FM, Troy. New York.
In 1952 he was assigned the additional
responsibility of chief emgineer for
WTRI-TV (now WAST) in Albany. In
1940 he designed and built WTRY
Radio at Troy. In 1939 he was staff en-
gineer with WSYR, Syracuse, and with
WOKO-KABY, Albany, from 1936 to
1939. He is a resident of Fayetteville,
NY.

SPOTMASTER

PortaPak I

Cartridge
Playback Unit

Your time salesmen will

wonder how they ever

got along without it!

Completely self-con-

tained and self-powered, PortaPak | offers
wide-range response, low distortion,
plays all sized cartridges anywhere and
anytime. iIt's solid state for rugged de-
pendability and low battery drain, and
recharges overnight from standard 115v
ac line. Packaged in handsome stainless
steel with a hinged lid for easy mainte-
nance, PortaPak | weighs just 113 |bs.
Vinyl carrying case optional.

Write or wire for full information.

BROADCAST ELECTRONICS, INC.

8800 Brookville Road
Silver Spring, Maryland
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Robert M. Johnson has been named
to head a new Telecommunication Sales
organization for General Electric’s Com-
munication Products Department. He
will be responsible for sales, sales plan-
ning, and proposal activity—both head-
quarters and field-——on long-distance
point-to-point communication equipment,
such as data transmission systems. With
General Electric since 1951, Mr. John-
son joined the Communication Products
Department in 1953 as supervisor of
government service. In 1958, he was
named manager of government sales and
service with responsibility for contrac-
tual liaison with federal agencies
throughout the country.

The appointments of Gifford C. Camp-
bell as WOR Radio chief engineer and
Raymond J. Smith as WOR-TV chief
engineer have been announced. Joseph
S. Fioravanti has been named supervisor
of the Technical Facilities Division and
Technical Construction of WOR Radio.

Mr. Campbell, who joined WOR in
1931 as a maintenance engineer, has
served as supervisor of the technical fa-
cilities division at the station. Mr. Smith
joins WOR-TV after serving as chief en-
gineer for WGR AM-FM-TV in Buffalo,
New York, since 1960. He also held en-
gineering posts at WVET-TV in Roch-
ester, New York, and WBEN-TV, Buf-
falo. Mr. Fioravanti, who joined WOR
four years ago, served in an engineering
capacity at CBS from 1949-61.
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©  RCA Broadcast and Television Equipment,

h

Like the black plate in four-color printing,

this radically new camera uses a

“black tube” to produce perfect color pictures

Ask any printer and he'll tell you that four-color printing needs
a black plate to supply “snap” to the color picture. For the same
reason, the TK-42 color camera has a separate lumimance
(black) tube added to the red, green and blue (oolor) tubes.
Result: Finest detail and superior color pictures

Everything about this great new camera contributes to the
finest, most reliable color reproduction ever provided. Stabi-
lized circuitry permits it to operate for long persods without
adjustment Completely transistorized, plug-in modules pro-
vide highest performance and reliability. Big 414-inch image
_ ortaicon tube in luminance channel provides high quality
monochrome pictures, as well as highest quality cdlor pictures.

Thz separate luminance principle has been proved by more
than § years of intensive engineering, produét researct and
field testing. Several models have been demonstrated at three
NAB Conventions. In 1962, broadcasters registercd their
choices regarding the separate luminance principle, as well as
other features. The result is the TK-42...a new standard of
color picture quality!

Call your RCA Representative
for the completa story, Or write

Building 15-5, Camden, N. J.

This 4%-inch image orthicoms (black tube) is used in the

separate luminance channel $o sharpen the color fic-
ture and to assure a higt-quality monochrome pictune.

Transistorized modules alfard easy servicing, are mare
reliable, and provide highest >erformance,

The Most Trusted Name in Television




FOCUS ON
QUALITY

CLETRON, manufacturer of Orthicon and Vidicon
Deflection Components for Commercial and Military
applications offers you quality-engineered products and
services that have been incorporated as standards in
the country’s leading manufacturing companies of Tele-
vision Camera Equipment.

Write today for additional technical

literature, drawings and engineering
specifications on the complete line
of Cletron Deflection Components.

dull

Quality products by Cletron. ..

Manufacturers of Deflection Components, Custom
Transformers and Sound Reproducing Devices. ..

@EZIED CLEVELAND ELECTRONICS, INC.

1974 East 61st Street, Cleveland, Ohio 44103, U.S.A.
Circle ltem 38 on Tech Data Card
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News of the
NAB Convention

Engineering Conference
Speakers Named

Two internationally known broadcast executives and an
outstanding military leader will be featured speakers at the
National Association of Broadcasters’ Broadcast Engineering
Conference to be held at the Conrad Hilton Hotel in Chicago,
March 27-30.

George Hansen, director of the Technical Centre of the
European Broadcasting Union (EBU), Brussels, Belgium, will
address the opening day luncheon, Monday, March 28.

John Chancellor, director of the Voice of America, will
be the Tuesday luncheon speaker; and General Maxwell D.
Taylor, special consultant to President Johnson, will address
the March 30 management luncheon.

Mr. Hansen, long active in Belgian and European broad-
casting, assumed his present position in 1956. He joined the
Belgian Broadcasting Corp. after his graduation, in 1932, from
Brussels University. Four years later he became its head of
research. After his World War II military service, Mr. Hansen
returned to the Belgian Broadcasting Corp. and in 1946 was
named chief engineer and deputy director-general. He is pres-
ently a member of engineering societies in the United King-
dom, France, and Belgium.

John Chancellor, the first working journalist to head the
23-year-old Voice of America, was named VOA director by
President Johnson last July. When appointed, he was chief
White House correspondent for NBC news—his final assign-
ment in a 15-year career with the National Broadcasting Co.
He had been an NBC correspondent in Vienna, London, Mos-
cow, Brussels, and Berlin.

Gencral Maxwell Taylor's long military career reached a
pinnacle in 1962 when he was chosen to head the Joint Chiefs
of Staff. He retained this post for two years until being ap-
pointed ambassador to South Viet Nam, serving in that po-
sition during a critical period of U.S. involvement. The four-
star general retired from active duty in 1959, and held two
civilian posts until 1962, when he was recalled to military
service as military representative for President Kennedy.

A 1922 West Point graduate, General Taylor was pro-
moted to General in 1953. He has been assistant military
attache in Peking, commander of the 8th Army in the
Korean War, commander of the U.S. Army Forces in the Far
East, and U.S. and U.N. Commander in the Far East. Follow-
ing his European service during World War II, he became
superintendent of the U.S. Military Academy in 1945, and in
1949 was named Chief of Staff for the American Forces in
Europe.

Engineering Award Recipient Named

Carl J. Meyers, senior vice-president and director of en-
gineering of WGN, Inc, Chicago, has been chosen by the
NAB to receive its annual Engineering Achievement Award.
The award will be presented March 30 at the final luncheon
of the 1966 Broadcast Engineering Conference.

George W. Bartlett, NAB's vice-president for engineering,
said Mr. Meyers was selected for his “pioneering @nd experi-
mental efforts in color telecasting.” WGN credits his efforts
as being instrumental in the station’s “most practical and in-
expensive” conversion to color.

A broadcast veteran of more than 40 years, Mr. Meyers
has experimented with numerous high-sensitivity pickup tubes
to make possible the origination of color remotes under low
lighting conditions. A
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EPARTA-MATIC

Stereo Tape-Cartridge
System

The 600 Series stereo tape-cartridge
record and playback system was devel-
oped as a result of increased require-
ments for short-length programing facil-
ities in the stereo-FM industry. The
record-playback unit of this Sparta sys-
tem is designed for rack mounting as
well as table-top installation. The accom-
panying playback unit is housed in a
table-top cabinet so that it can be moved
as desired. The record-playback unit fea-
tures two separate inputs with a variety
of plug-in options; it also utilizes the
latest NAB 3-track tape-head configura-
tions. The units are completely tran-
sistorized,

Circle Item 52 on Tech Data Card
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"Induced Magnet’’ Phono
Cartridge

Like its predecessors in the Point Four
series, the ADC 10/E cartridge uses the
“induced magnet” principle and adheres
to the standard 15° vertical tracking
angle. With the “induced magnet” prin-

ciple, magnetism is induced by a fixed
permanent magnet into a tiny magnetic
collar which, in turn, moves between the
pole pieces. The manufacturer states that
use of this design reduces the mass of
the moving system to a minute value
until the limiting factor becomes that
of physically supporting the stylus in the
groove, The mass of the actual genera-
ting system is minimal and no longer
limits the performance of the unit.

Manufacturer’s specifications are: sen-
sitivity—4 mv at 5.5 cms/sec recorded
velocity; Channel separation—30 db, 50 to
10,000 cps: frequency response—10 to
20,000 cps =2db; stylus tip radius—el-
liptical stylus, contact radius: .0003", la-
teral radius: .0007”; wvertical tracking
angle—15°; tracking force range—'2 to
1 gram; IM distortion—less than 2%,
400 & 4,000 cps at 14.3 cms/sec velocity;
compliance—35 x 104 cms/dyne. Price
is $59.50.

Circle 1tem 53 on Tech Data Card

Variable-Beam Backlight

Series 73-20 backlight—designed and
manufactured by Lighting & Electronics,
Inc.—is being offered for operation in

/TI‘ELEVISION\

SPENCER-KENNEDY
LABORATORIES, INC.

Complete CATV Service
EQUIPMENT . . . ENGINEERING . . . FINANCING
1320 Soldiers Field Road
Boston, Mass. 02135  Tel. 617/254-5400
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ENGINEERS

We are interested in contacting 10
Station Engineers capable of design
or field engineering. Excellent oppor-
tunities in TV Development Engine-
ering and Systems Engincering with
Sarkes Tarzian, Inc., Broadcast
Equipment Division.

TV station engineering experience
required, BSEE or equivalent desir-
able. Send resume of experience, or
call, Mr. Biagio Presti, Broadcast
Equipment Division, Sarkes Tarzian,
Inc., Bloomington, Indiana, Area
Code 812, 332-7251.

Symbol of Excellence

\k in Electronics

Circle Item 40 on Tech Data Cord

Times CATV seamless alumi-
num sheath cable—in con-
tinuous lengths up to 2 niile-
requires fewer splices, costs
less to install and maintain.
Weathertight. Offers 30 db
minimum return loss fcr
minimum ghosting. Out-
lasts and outperforms so-
called "economy' cable
(which costs still more to
replace) and lives up to
your system’s planned -
potential. .
Matching, instantly-
installed Timatch® con-
nector fits Times and
other semiflexible CATV
cables. One piece.Reus-
able, Matches the life of
the cable itself. Has ex-
clusive CoilGrip®clamp.

Write for full data on
cable and connectors.

Timatch® perfect
match connectors

Cabhle: Availahle in
seamless lengths up to 2 mile

TIEIES

WIRE & CABLE Dpept..
Wallingford, Conn.

[J Please send complete data
on connectors and CATV cable.

[0 Please have a field representative call.

Name

Company

Address

City State
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variable beam spreads with 300W quartz
or PAR 300W and 500W lamps. This
unit is designed primarily for the TV
broadcast industry. Features of the 73-
20 include: adjustable yoke with steel
pipe clamp; steel housings; and a re-
movable louvre to reduce TV-camera
lens flare and accommodate wide flood,
medium flood, or narrow spot lamps.

Approximate cost for each series 73-20
backlighter is $20, and the unit works
with both 110- and 220-volt AC sys-
tems.

Circle Item 54 on Tech Data Card

CCTV Monitor
A 27" video monitor available from

THE FAIRCHILD
REVERBERTRON

Unique Features ot

the FAIRCHILD REVERBERTRON
Variable reverb < Electronic time control o
Solid state components ¢ Rack mountable
Portable * Three time periods instantly and
noiselessly selectable « Remote controt with-
out expensive servo mechanisms ¢ Mixing
network provided.

Used by studios throughout the
world for its natural reverberation ef-
fects, the FAIRCHILD REVERBER-
TRON'S reasonable price now makes it
possible for every studio to have the
production plus of controlled, flexible
and natural reverberation.

Priced at only $985

Write to Fairchild — the pacemaker in
professional audio products — for complete details.

FAIRCHILDQ

RECORDING EQUIPMENT CORPORATION

- 10-40 45th Ave., Long Island City 1, N.Y.

Circle Item 41 on Téch Data Card
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Packard Bell for CCTV systems fea-
tures a bonded face plate which is treated
to reduce reflections to a minimum. The
steel cabinet is finished in textured satin
black with brushed aluminum trim. Front
controls are concealed behind the flip-
down name plate. This monitor's 12-mc
bandwidth provides maximum horizontal
resolution of 800 lines. Also, the set
features a fully regulated power supply.
List price for the video monitor is $480.

Circle Item 55 on Tech Data Card

Automatic Tape System

The SB6A Series STACT Broadcast
tape recorders featuring reversible, con-
tinuous-loop STACTape cartridges with
14" magnetic tape, six tapc decks, auto-
matic cuing and sequencing and remote
control are available from KRS Instru-
ments. Monaural units use one track

C. L. GARDNER COMMUNICATION

CONSTRUCTION CO.
BUILDERS OF COMPLETE
ANTENNA SYSTEMS
Antenna rehabilitation

Tower erection
Inspection and maintenance

TV, AM, FM rigging
Subcontracting

Write, wire or phone for estimates

C. L. GARDNER COMMUNICATION
CONSTRUCTION CO.

422 Washington Building
Washington, D. C. 20005
AREA CODE 202 ST 3-2903

Circle ltem 42 on Tech Data Card
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for audio information and one track for
cue tone which may be used for control
of slide projectors, film projectors, etc.
Corresponding models are available for
stereo, with one track for cue-tone con-
trol and two tracks for audio.

Rear-panel connections for remote
control include start, stop, sequence, all
stop, record/erase, and cue tone. Cart-
ridge sequencing may be performed
manually or automatically programmed
from a panel switch on a one-cycle, con-
tinuous recycle, or preset sequence. Other
external automatic programming devices
are available.

Manufacturer’s specifications are as
follows: Tape speed—33% or 7'2 ips.
Frequency response — 30-18,000 cps =+
2db at 7% ips. Signal-to-noise ratio—At
least 50 db from 3% THD point. Flutter
and wow—Less than 0.18% rms on fully
loaded cartridge; below 0.1% on short
length stuffing cartridge. Record input—
For bridging 6000 line. Outputs—mixed
and individual (600Q, 0 dbm) available
at rear connector. Playing time—From
10 seconds to 31 minutes per track at
7% ips; over 2 hours maximum per
cartridge for 4 tracks. Playing time
doubled at 3% ips. Dimensions—14" x
17”7 x 14”. Weight—70 1bs. Price —
Model SB6AP—1/$1985.

Circle Item 56 on Tech Data Card
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Cleaning Tape

This product for cleaning recording
heads and guides of tape recorders con-
sists of a cloth tape, impregnated with
a cleaning and lubricating formulation,
which “plays” through a tape recorder
like regular recording tape. The 4"
tape is wound on a 3" reel for use with
small recorders and on a 5” reel for
use with larger recorders, Manufacturer
is the Robins Industries Corp. The 3~
reel lists at $1.65; the S” reel lists at
$2.50.

Circle ltem 57 on Tech Data Card
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Solid-State Sync Generator

A transistorized sync generator and
accessory system for basic broadcast TV
studio operaticn in black and white or
color—all contained in a 19” rack unit
13" high—is built by Cohu Electronics,
Inc. The 2470 series plug-in circuit as-
semblies for the complete broadcast sys-
tem include a 525-line sync generator,
genlock, color standard with colorlock,
and a power supply. Outputs are com-
patible with EIA and FCC standards.

Additional accessories include dot-bar

e are
Cmom e

generators and accessory changeover
switches. Also, other sync generators are
available for 729-line, 873-line and 945-
line scan rates for closed-ciccuit TV use.
Each sync generator enclosure has a
plug-in power supply.

A basic system (Model 2471-100) in-
cluding 52S5-line sync generator and
power supply with rack-mount cabinet
is $945. The complete broadcast system,
including genlock and cclorlock, is
$2,240.

Circle Item 58 on Tech Data Card

The drying cabinet is internally illumi-
nated, and has a clear plastic door to fa-
cilitate observation. Four 250-watt heat-
ters provide drying heat for the 160
c.f.m. blower.

The arm for the 1200’ take-up reel has
a reversible torque motor with center-
off switch for optional A or B wind
take-up.

The entire processor is stainless-steel
jacketed and mounted on locking casters.
Circle item 59 on Tech Data Card

b0=.03 cycle

POWER FOR
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EQUIPMENT

DC to AC INVERTERS
Battery Power to Quality AC
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Condenser Microphone

“Condenser sound” in a compact pack-
age is offered by Boynton Studio in the
934" Syncron AU-7a microphone. Manu-
facturer’s ratings are: frequency response
—=+3db 40-20,000 cps; directional char-
acteristics—cardioid with front-to-back
ratio better than 20db; output level—

—50db; distortion — less than 0.5%.
Price is $169.50.
Circle Item 80 on Tech Data Card

_ kg

Cable Protection
A heat-shrinkable tubing for water-
proofing, insulating, and protecting in-
line coaxial-cable splice connectors as
used by CATV aerial and underground
systems is manufactured by Sigma Indus-
tries, Inc.

The tubing, a modified polyolefin ma-
terial, has a factory-applied sealant which
melts and flows at the cable enry points
as the cover is shrunk over the con-
nector. The splice cover is available in
3”, 6", and 9” lengths for application
over all standard in-line connectors and
cable entries to amplifiers and splitters.
Three-minute installation time is accom-
plished by shrinking the cover at 250° F
with a standard hot-air blower, heat gun,
or torch.

Circle ltem 61 on Tech Data Card

Tape System

A new head design (focused-gap field),
heavier bias at 4mc, and the use of di-
rect-coupled silicon-transistor circuitry
are intended to offer low noise, low dis-
tortion, and high performance in mul-
tiple-generation tape recording.

The Fairchild Master Tape Improve-
ment System is designed for compati-
bility with existing professional recording
transports. Models are available for one-,
two-, and three-track 4" tape, and three-
and four-track %2” tape. A

Circle ltem 62 on Tech Data Card

Erratum
In the November 1965 “New Prod-
ucts” item describing the Stancil Hoff-
man Corp. Model R70 tape recorder
(page 56), tape size is listed incorrectly.
The correct tape width is 14"

POSITIONS
COLORTV ENGIN
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ENGINEERS’ TECH DATA

71,

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

AUDIO & RECORDING EQUIPMENT

ATLAS SOUND—Catalog 585 illustrates and describes
public-address loudspeakers, microphone stands, and acces-
sories for commercial sound applications.

CBS LABS—Literature on the “"Volumax” automatic peak
controller and the “Audimax III” solid-state automatic level
control.

INDUSTRIAL ELECTRIC REELS—Specification sheets pro-
vide photos, dimensions, and applications for line of motor-
driven and hand-mounted microphone-cable reels.
KOSS/REK-O-KUT—New full-line catalog details audio prod
ucts and accessories.

QUAM-—General catalog No. 65 lists speakers for color-TV
replacement, PA systems, high-fidelity, and general re-
placement.

SCHLUMBERGER—Instruction book lists operational data
and specifications for turntables, tape recorders, and audio
mixers.

SONY—Full-color catalog describes 1966 line of tape re-
corders and full recording accessories.

SPARTA-—Catalog sheet details new tape-cartridge system;
new-product brochure is also available.

UNIVERSITY SOUND—Cardioid, dynamic, and professional
miniature microphones are listed in 1966 catalog.

VIKING OF MINNEAPOLIS—Pictorial folder shows plug-in
components, mechanism, outside views, and specification
chart for Model 230 tape transport and Models RP110 énd
RP120 amplifiers.

CATV EQUIPMENT

JERROLD—Eight-page brochure
state unitized CATV systems.

features “Starline” solid-

COMPONENTS & MATERIALS

AMPEREX—Condensed form of standard catalog lists avail-
able tube types useful in wide range of applications.
DENSON—Catalogs 985S-1 and 965S-1 SPECIAL feature
new, used, and surplus radio and TV broadcasting equip-
ment. The SPECIAL edition includes schematics and con-
struction features.

MULLARD—Flier sheets provide cross-reference data and
price list on tubes for special-purpose, industrial, and broad-
cast applications.

SIGMA INDUSTRIES—Data sheet supplies photos and spec-
ifications for self-sealing, re-entry enclosure designed for
cable systems.

SWITCHCRAFT—New-product bulletin No. 156 describes
“Lamp Jax” designed for use in circuits requiring ballast
lamps.

MICROWAVE DEVICES

MICRO-LINK—Planning guide covers 2500-mc ITV systems.
Brochures and specification sheets provide data on Model
420A portable link and Model 600 fixed link.
MICROWAVE ASSOCIATES—Sixteen-page brochure, bulle-
tins, and technical report detail applications and specifi-
cations for TV-broadcast solid-state microwave-relay equip-
ment.

MOBILE RADIO & COMMUNICATIONS

MOSLEY ELECTRONICS—Catalog lists complete line of 1966
Citizens-band equipment.

SPRAGUE—Circular M-853 describes SK-1, SK-10, SK-20,
and SK-30 “‘Suppressikits” for vehicles with alternators or
DC generators.
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Get atopjob in broadcasting...

A First Class
FCC License

««.0r Your VMoney Back!

Your key to future success in electronics is a
First-Class FCC License. It will permit you
to operate and maintain transmitting equip-
ment used in aviation, broadcasting, marine,
microwave, mobile communications, or Citi-
zens-Band. Cleveland Institute home study
is the ideal way to get your FCC License.
Here's why:

You-owe it to yourself, your family, your
future to get the complete details on our
“proven effective” Cleveland Institute home
study. Just send the coupon below TODAY.
There's no obligation. Cleveland Institute of
Electronics, 1776 E. 17th St.,, Dept. BE-23,
Cleveland, Ohio 44114,

Our training programs will quickly pre-
pare you for a First-Class Commercial
Radio Telephone License with a Radar
Endorsement. Should you fail to pass
the FCC examination after completing

- lessons in all
your course, you will get a full refund :
g >t of these subjects:
of all tuition payments. You get an « Logical

FCZC License .. .or your money back!

MAIL COUPON TODAY FOR FREE C

1966

Only CIE offers new,
up-to-the-minute

Troubleshooting

e Laser Theory and
Appiication

* Microminiaturization

« Single Sideband
Technlques

e Pulse Theory and
Application

* Boolean Algebra

Cleveland Institute
of Electronics

1776 East 17th St, Dept. BE-23
Cleveland, Ohio 44114

Please send FREE Booklet "HOW
TO GET A COMMERCIAL FCC
LICENSE,” without obligation,

Your present

occupation
Name Age.
(please print)
Address —
City. State_____ Zip_

L Y gy oo i

A leader in Electronics Training...since 1934



Next Month

32-Page Special

NAB
CONVENTION
SUPPLEMENT

® Show News
® New-Product Previews

e Convention Agendas

All in addition to an outstanding

lineup of feature articles in
Broadcast Engineering

the technical journal of the broadcast

industry.

Reserve your copy now! A handy sub-
scription form is bound in this issue. As
a bonus with your subscription, you'll
receive the Broadcast Engineers’ Mainte-

nance Guide,
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POWER DEVICES

HEVI-DUTY—Bulletin 7-22 supplies data on line-voltage
regulator using saturable-core reactor.

ONAN—Eight-page form No. 31d/On contains information on
installation and selection of standby-power equipment.
SOLA—Catalog VR-200A includes applications, theory of
operation, and specifications for line-voltage regulators.
TERADO--Catalog sheet features solid-state and vibrator
DC-to-AC power inverters.

REFERENCE MATERIAL & SCHOOLS

CLEVELAND INSTITUTE OF ELECTRONICS—New pocket-
sized, plastic "“Electronics Data Guide” includes formulas
and tables for: frequency vs. wavelength, db, length of
antennas, and color code.

HOWARD W. SAMS—Literature describing popular and
informative technical publications; includes latest catalog
of technical books.

STUDIO & CAMERA EQUIPMENT

CLEVELAND ELECTRONICS—Data concerns modifications
using new yoke assembly to update 3" image-orthicon
camerd.

COHU—Four-page data guide No. 6-323 for zoom lenses dis-
cusses focal lengths, horizontal-view angles, iris, and focus.
GENERAL ELECTRIC—New-product brochures are: GEA-
7859A which includes specifications, single- and dual-chan-
nel makeup, and rack- and cabinet-mount details for solid-
state 3" IO monochrome camera; GEA-8051 which describes
solid-state CCTV caemras; and GEA-7858A which covers
line of VHF transmitters from 1 to 60 kw with visual-aural
power ratios from 5:1 to 10:1, all including provisions for
remote control.

TV ZOOMAR—-New literature features Autccum programed
remote-control pan and tilt equipment; literature describes
lenses for IO and vidicon use.

TELEVISION EQUIPMENT

BALL BROTHERS—Product brochures feature monochrome-
and color-special-effects generators.

COLORADO VIDEO-—Data sheet describes Model 201 video
converter which provides audio-bandwidth signals from
standard TV inputs.

VITAL—Data sheets give specifications of Model VI.500
stabilizing amplifier, Model VI-10A video distribution ampli-
fier, and Model VI-20 pulse-distribution amplifer,

TEST EQUIPMENT & INSTRUMENTS

PRECISE - Specification sheets provide details on VIVM and
requlated power supply.

TOOLS

ENTERPRISE DEVELOPMENT—Bulletins feature Models 300
and 100A desoldering-resoldering iron for PC-board use.

TRANSMITTER & ANTENNA DEVICES

BAUER—Tentative specification sheet supplies data on
Model 605 7500-/5000-watt FM transmitter.

GATES—"FM for the AM Broadcaster . . . One Year Later”
is a commentary on financial and technical aspects of FM
broadcasting; accompanying folder “What $10,000 Will Buy”
describes equipment packages selected for maximum tax
benefits.

KRECO ANTENNAS—New catalog No. 68 lists vertically-
polarized omnidirectional antennas for use from 25 to 470 mc.
MOSELEY ASSOCIATES—New three-page brochure de-
scribes solid-state Models WRC-10T and PBR-2I remote-
control systems.

BROADCAST ENGINEERING



BROADCAST
EQUIPMENT

“reliable
profit makers”
L e por 1)

REMOTE PICK-UP SYSTEM

Unequaled 160 mc/s performance
for quality broadcasting

@® X 1.5 db 50-10,000 cps.

@® 1.6% max. distortlon

1

l"’]v l“._.o T
LJ:} ;:;m;_ﬁ.*ﬁr:j

'REMOTE CONTROL SYSTEMS
For AM-TV-FM via single AC phone line or STL
@ Push-Button @ 21 Channels

@ Sliicon Sofld-State

L

PCL-2B
@l 950 mc/s
AURAL STL
For AM, FM, Sterec and TV I

® =+ 0.5 db 50-15,000 cps
©® Less than 1% distortion

Provision for SCA Multiplex,
Remeate Control and

Onder Circuits

MOSELEY

ASSOCIATES, INC.

135 NOGAL DRIVE

J

SANTA BARBARA, CALIFORNIA
(805) 967-0424
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Symbol of Exceilence

in Electronics

Circle Item 40 on Tech Data Card

CINEMA

PRECISION
AUDIO
EQUIPMENT

AUDIO ATTENUATORS

Cinema’'s new compact rotary slide-
wire attenuator is now available for
your mixing consoles as single or
ganged units. A must where smooth
control is desired. Other standard
. types are also available for applica-
; tions demanding precision noiseless
attenuation, reliability and long term
stability.

GRAPHIC EQUALIZER

The Cinema Graphic Equalizer offers
a compact system of extreme flexi-
bility. Each of the six controls per-
mit the operator to equalize or
attenuate that portion of the spec-
trum 8 db. This is an active unit |
having zero :
insertion loss

and up to 35
db additional
gain.

DIP FILTER

Features a notch depth
of 50 db minimum and

g-g"ms';i ® : which is continuously
% & @® = variable from 30 to
}f L | el 9,000 cps. Extremely
o 'w{ useful for removing
e A single frequency noise
|- s e it

and for harmonic dis-
tortion measurements,

= =7 re .
B ii;:;_'_i( i

PROGRAM EQUALIZER

o

Provides for accurate frequency response corrections
in audio equipment. Easy operation of the two control
knobs allow over 395 curve combinations. Detented
action of the controls permits reference dial settings
for future duplication of desired characteristics.

DEGAUSSERS

Cinema bulk degaussers
are a favorite with sound
men throughout the worid.
Provides erasure of program
material and residual noise
from magnetic tapes on
reels up to 17 inches in di-
ameter and 2 inches wide.
Also, ‘“‘Pencil’’ type de-
gaussers are avaijlable for
erasing small areas thus
avoiding splicing.

Hi-Q's Cinema precision audio equipment is backed by
an enviable reputation generated by over 25 years of
outstanding service in critical sound recording, broad-
cast and laboratory applications. Many other custom
audio products are available. Put the benefit of our
experience to work for you. Write for Hi-Q's Cinema
precision audio equipment literature today.

4 AEROVOX
Hi-Q. CORPORATION

IMIHALLI CINEMA PLANT
1100 CHESTNUT STREET, BURBANK, CALIFORNIA 91503

PHONE: 213-849-5511 « TWX: 213.846-3578
Circle item 49 on Tech Data Card
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Professional Services

VIR JAMES
CONSULTING RADIO ENGINEERS

Applications and Field Engineering
345 Colorado Blvd.
Phone: (Area Code 303) 333-5562
DENVER, COLORADO 80206
Member AFCCE

OSCAR LEON CUELLAR
Consulting Radio Engineer
A M-TV

411 Phoenix Title Building 623-1121
Directional Antennas Design
Applications and Field Engineering
Tucson, Arizona 85701
Member IEEE

JAMES C. McNARY
Consulting Engineer

National Press Bidg.
Washington 4, D. C.
Telephone District 7-1205

Member AFCCE

CARL E. SMITH
CONSULTING RADIO ENGINEERS
AM, FM, TV and CATV
8200 Snowville Road
Cleveland, Ohio 44141
Phone: 2156.526-4386

Member AFCCE

CAMBRIDGE CRYSTALS
PRECISION FREQUENCY
MEASURING SERVICE
SPECIALISTS FOR AM-FM-TV
445 Concord Ave. Phone 876-2810
Cambridge, Mass, 02138

AMPEX HEAD ASSEMBLY RECON-
DITIONING SERVICE for all Ampex
professional model recorders. This
professional service features precision
relapping of all heads for maximum
head life, Your assembly is thoroughly
cleaned and guides are replaced as re-
quired. Price includes optical and
electrical inspection and complete
testing on Ampex equipment in our
plant. Full track or half track assem-
blies . . . $35.00. One to two day serv-
ice. “Loaner’ assemblies available, if
necessary. LIPPS, INC. 1630 Euclid
St., Santa Monica, California 90404.
(213) EX 3-0449. tf

Barnett F. Goldberg, P.E.
CONSULTING ’;LE'ETRONICS ENGINEER

, M & TV
APPLICATIONS AND FIELD ENGINEERING
ACOUSTICS AND v}lAkUATION-APPRAISAL
ORK

803-253-8347
1138 BULL STREET, COLUMBIA, S.C. 29201

VIDEO TAPE RECORDER
AUDIO HEAD ASSEMBLY SERVICE

Precision relapping of all heads and
supporting posts, including cleaning
and testing. Ampex head assembly
with '‘cue” tracks, $75.00 complete.
RCA units also relapped. One to two
day service, LIPPS, INC, 1630 Euclid
St., Santa Monica, Calif. 90404. (213)
EX 3-0449. tf

LAWRENCE BEHR ASSOCIATES, Inc.
RADIO ENGINEERING CONSULTANTS
AM - FM - TV - CATV
LAWRENCE BEHR, PRESIDENT
2501 East Fourth Street
Greenville, North Carolina

919—PL 8-3966
NCAB SBE IEEE
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Classified

Advertising rates in the Classified Sec-
tion are ten cents per word. Minimum
charge is $2.00. Blind box number is 50
cents extra. Check or money order must
be enclosed with ad.

The classified columns are not open to
the advertising of any broadcast equip-
ment or supplies regularly produced by
manufacturers unless the equipment is
used and no longer owned by the manu-
facturer. Display advertising must be
purchased in such cases.

EQUIPMENT FOR SALE

Employment

Want To Get into Color? We’'ve been full
color for 414 years! We need one or two
technicians who are interested in work-
ing at a modern, all color station. There
are no state licenses, fee requirements or
payments to be made to any third party
in connection with this position, Contact
Chief Engineer, KSTP-TV, 3415 Univer-
sity Avenue, St. Paul, Minnesota 55114 or
call collect 612-645-2724. 2-66-1t

WANTED—Technicians for closed circuit
systems planning—-closed circuit — color
television—video tape maintenance or su-
pervision of installations of RCA equip-
ment. 630 Fifth Avenue, Rockefeller Cen-
ter. 757-0677 or 297-3336. G. Whiteford.

2-66-tf

Excellent openings exist on the West
Coast for qualified Broadcast Engineers;
live color video, transmitter, mainte-
nance, studio, technical operations, etc.
Send us your complete resume., The
AMPS Agency, 130 South Robertson
Boulevard, Beverly Hills, California
90211. By Broadcasters for Broadcasters,

2-66-2t

Audio Equipment bought, sold, traded.

Ampex, Fairchild, Crown, McIntosh, Vik-

ing. F. T. C. Brewer Company, 2400

West Hayes Street, Pensacola, Florida& o
3-

Television/Radio/communications gear of
any type available. From a tower to a
tube. icrowave, transmitters, cameras,
studio equipment, mikes, etc. Advise
your needs—offers. Electrofind Co., 440
Columbus Ave. NYC. 212_EN_25680{3 Gl

- £

COMMERCIAL CRYSTALS and new or
replacement crystals for RCA. Gates, W.
E., Bliley, and J-K holders; regrinding,
repair, etc. BC-604 crystals; also service
on AM monitors and H-P 335B FM mon-
itors. Nationwide unsolicited testimonials
praise our products and fast service. Eid-
son Electronic Company, Box 96, Temple,
Texas. 5-64 tf

CATV PRODUCT MANAGER
WANTED

Excellent opportunity for man with ex-
perience in the Community Antenna Tele-
vision industry. Knowledge of CATV
people. equipment, and system operation
essential; sales and/or engineering back.
ground highly desirable. The man chosen
for this position will be responsible for
overall marketing programs for CATV
products. He will participate in the es-
tablishment of sales objectives and will be
expected to develop and coordinate prod-
uct promotional plans. He will work with
the staff team of the leading manufac-
turer of communications products in the
southeast. Salary commensurate with ex-
‘perience; all fringe benefits including
outstanding insurance program and
grofxt;sharmg plan. All replies will be
eld in strict confidence. Send letter or
detailed resume to Dept. 147. 2-66-1t

AMPEX 350 SERIES reconditioned cap-
stan drive motors (BODINE NCH-33 only)
$85.00 exchange. Send us your old one,
or order for $100.00 and get $15.00 back
after sending old one in. Ours have new
bearings and rewound stator. Package
motor well. TABER MANUFACTURING
& ENGINEERING CO., 2619 Lincoln Ave.,
Alameda California. 1-65 12t

Everything in used broadcast equip-
ment. Write for complete listings. Broad-
cast Equipment and Supply Co., Box 3141.
Bristol, Tennessee. 11-64 tf

New and Reconditioned Remote Pickup
and 2-way radio equip. Fire and Police
Receivers. All brands and models. Sales
Manager, Box 238, Phone 817-594-5171,
Weatherford, Texas. 5-65 12t

Parabolic Antennas, 6 aluminum solid
surface complete with dipole and mount-
ing bracket. Now tuned for 1750 MC for
$125 set. Tuned to 950 MC for $175 set.
Sierra Western Electric Cable Co., 24th
and Willow Streets, Oakland, California.
Phone 415 832-3527. 12-65 tf

Transmitting tube sale—All new, fully
warranted 5736 @ $115.00 ea. —4CX-
1000A @ $135.00 ea.—5894 @ $17.00 ea.
—4CX250B @ $18.00 ea.—6146B/8298A
@ $3.75 ea—891R @ $210.00 ea. Send
for complete list. Your one source for
electronic tubes and semiconductors at
realistic prices. Thor Electronics Cor-
poration, 741 Livingston Street, Elizabeth,
N.J. 07207, 2-66-2t

General Radio 916-AL RF bridge. Good
condition. Two coax connectors included.
$475.00 FOB. Rountree, Box 9044, Austin,
Texas 78756. 2-66-1t

3 EIMAC 4KM3000LR TV Camera Tubes
for sale. Unused. $1200 each. Rex Indus-
trial Electronics, 84 Cortlandt St., New
York, N.Y. Area code 212-COrtlandt 7-
1616. 2-66-1t

EQUIPMENT WANTED

WANTED TO BUY .. Used, 1 and 5 KW
AM or FM Broadcast transmitters, re-
gardless condition or age. Write or call
Continental Electronic Wholesale Corp.,
457 West 28th St, Hialeah, Florida 33010.
Phone 305-888-3511. 1-66-2t

Business Opportunities

EXCLUSIVE FRANCHISE

Amazing new liquid plastic coating used
on all types of surfaces interior or ex-
terior. Eliminates waxing when applied
on Asphalt Tile, Vinyl, Linoleum, Vinyl
Asbestos, Hard Wood, and Furniture.
Completely eliminates painting when ap-
plied to Wood, Metal, or Concrete sur-
faces. This finish is also recommended for
boats and automobiles.

NO COMPETITION

As these are eXclusive formulas in de-
mand by all businesses, industry and
homes, No franchise fee. Minimum in-
vestment—$300. Maximum investment—
$7,000. Investment is secured by inven-
tory. Factory trained personnel will help
set up your business,
For complete details and descriptive lit-
erature write:
CHEM-PLASTICS & PAINT CORP,
1828 Locust, St. Louis 3, Mo.
6-65 14t

DISTRIBUTOR
WANTED

No competition. To service and set up
new accounts in exclusive territory.
Investment secured by fast moving
inventory of amazing plastic coating
used on all types of surfaces interior
or exterior, Eliminates waxing when
applied to any type of floor. Elimi-
nates all painting when applied to
wood. metal or concrete surfaces.

Minimum Investment — $ 500
Maximum Investment — $12,000

For details write or call:

Phone: 314 AX.1-.1500

Merchandising Division
P. O. Box 66

St. Ann, Missouri 63074

BROADCAST ENGINEERING



DAGE BROADCAST AND EDUCATIONAL
MODULAR TELEVISION SYSTEMS

Al

New DAGE FC-11
FILM CHAIN and

PRISM
MULTIPLEXER

800 Line Resolution
FC-11 Film Camera

e Up to 4 Optical Sources
e Local Set-up Controls

Solid State Circuitry e

®* Amplified Intercom ® No Secondary
e Minimum Mainte-

nance e High Picture Images ® Modern Functional Design ® Elim-

Stability over Wide

Temperature and Line inates Field Lenses ® Rigid Optical Base

Voltage Variations e

Exceptional Signal-to- with Simple Unit Design ® Optional Video

Noise Ratio e Excellent

Detail Response AGC ® Heavy duty construction through-
J out with Dependable DAGE Engineering

DAGE-BELL CORPORATION
RAYTHEON
A SUBSIDIARY OF RAYTHEON COMPANY
455 Sheridan Avenue  Michigan City, Indiana 46360 Dept. 30-7

Circle 1tem 60 on Tech Data Card
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TURN DOWN THE LIGHTS WITH RCA-7513/S
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IMAGE ORTHICON MATCHED SETS FOR COLOR

We've always been proud of our RCA-7513
since it produces very clean looking colors with
the least noise of any tube for three-Image Or-
thicon cameras... We're also particularly proud
of the nice uniform grey scale and the slightly
more rounded knee we’ve built into this tube.
But, by the time a broadcast engineer gets the
depth of focus he’d like to have, he’s usually run-
ning 600 to 800 ft. candles of studio illumina-
tion, a bit too much for some actors’ confort!
We took another look at this problem, realiz-
ing that incandescent light, color filters, and op-
tical svstems being what they are, color cameras
needed more sensitivity in the blue end of the
spectrum. By devising a special photocathode
and other innovations, we developed a tube with
double the sensitivity in the blue channel.

This tube for the blue channel is called the
RCA-4518/S. Now, when you buv a matched
set (that’s what the “S” stands for) of one
4513/S8 and two 7513/8 tubes for the red and
green channels, you’ll find that vou can turn out
about half the lights. This helps in keeping the
actors contented and the air conditioning from
straining after a long day’s session of broadcast-
ing or taping. In addition, when you buv the
matched set, you'll find they produce both good
color pictures and good tracking over the entire
dynamic range.

See your local RCA Broadcast Tube Distrib-
utor for further information on RCA Image Or-
thicons. He'll be glad to hear from vou.

AVAILABLE FROM YOUR LOCAL
RCA BROADCAST TUBE DISTRIBUTOR

RCA Electronic Components and Devices, Harrison N.J

The Most Trusted Name in Electronics
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