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selection allows instant
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Expanding the Riker systenf™==
is as simple as
plugging in modules.

Here are modes of operation:
Key

“Wipe

“Wipe/Key

=Mix/Wipe

'{.— Bdditive Mix

:Non-Additive Mix
Won-Additive Mix/Wipe  \ger
Normal, Normal-Reverse, Reverse
Rainbow Insert
“Joy Stick” Positioner
Electronic Spotlight
Camera Scan Positioner
Modulated Wipes
Comp or non-comp operation ®
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SPECIAL EFFECTS? RIKER'S REALLY ARE . .
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The most advanced remote transmitter logging system ever developed.

The AL-1TOOR is compatible with any DC metering remote control system
and will do remotely everything the AL-100 does locally.

Write for further details:

corporation of america

Eastern Division Washington, D.C. Western Division
195 Mass. Avenue 13205 May Court 2921 South 104th St.
Cambridge, Mass. Silver Spring, Md. Omaha, Nebraska

RUST FM STEREO TRANSMITTERS « AUTOLOG = RUST REMOTE CONTROL
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¢ Announcing
The New
FAIRCHILD
F-22
Condenser
Microphone

New
advanced
design with
low-noise
field effect
transistor!

The FAIRCHILD F-22 Condenser Microphone uses
a field effect transistor as the microphone pre-
amplifier. This field effect transistor has an ex-
tremely high input impedance that complements
the high impedance characteristics of the con-
denser capsule for an outstanding improvement
in signal-to-noise ratios. No complicated RF cir-
cuitry is used in an effort to improve signal-to-
noise ratios. The absence of vacuum tubes elimi-
nates the problem of noise, microphonics, and
the expensive periodic replacement of the tube.

The FAIRCHILD F-22 provides the user with the
most often needed pickup pattern—cardiod—with
outstanding front to back cancellation character-
istics thereby making it ideal for broadcast, TV,
sound re-enforcement and recording. Extremely
low hum susceptibility allows easy use in a vari-
ety of operating fields and the basic high sensi-
tivity of the F-22 allows integration into a variety
of circuits and a variety of studio and field
operating conditions.

A new convenience . .. the F-22 is self-powered.
The F-22 eliminates the bulky, heavy, cumbersome
remote power supply associated with conventional
condenser microphones. The F-22, as illustrated,
‘is complete—just plug into a studio audio line
and you have the smoothest, cleanest sound pos-
sible. This self-contained power supply allows new
ease of operation in studio work and in field
assignments. The use of a field effect transistor
with its low noise and low current drain require-
ments allows the operation of the F-22 with long
life mercury cells. The use of minimal parts and
the use of missile-grade components throughout
assure the user of continuous quality.

By breaking away from traditional condenser
microphone design and using the latest in solid
state-field effect transistor technology and micro-
circuitry, FAIRCHILD is able to produce this qual-
ity condenser microphone at an astonishingly low
and sensible price, thereby putting the ultimate
microphone quality within the reach

of every sound engineer. price 219

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

FAIRCHILD

RECORDING EQUIPMENT CORPORATION

10-40 45th Ave., Long Island City 1, N.Y.
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Video Tape Recorder
IS THE ONE BEST BUY'!...

VME 600 is the only VIR you can buy
for less than $10,000 that...

Uses a broad tape that permits a band width of better
than 3 mc. (i.e. that gives a picture so clear that it will
not be fuzzy when demonstrated on a 21”7 monitor
instead of a 9” monitor.)

Consumes tape at less than 80” per second (VME 600
consumes tape at less than 8” per second.)

Can be stopped and single-framed or run in slow
motion in either direction. i

Runs continuously for more than an hour. ..
and without reversing at that.

VME 600 is the only truly portable VTR.

No other weighs less than 80 pounds.

VME 600 weighs only 40 pounds.

Circie ltem 4 on Tech Data Card
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Operates with a single plug-in head that precludes any
and all alignment problems. The head is guaranteed
for 500 hours and can be replaced for $25.00.

Pushes the tape into the head instead of pulling the
tape around the head drum under tension (which can
cause stretch and distortion.)

Permits a sound track in half a dozen languages (or a

' bilingual training tape.)

The VME 600 can assure tape interchangeability if it
is operated at 7.5” per second or it can be slowed down
to 5.1” per second by just turning a switch (for maxi-
mum tape economy where interchangeability is not
needed.)

And the price is only
$2995!

1 VIDEO-MEDICAL ELECTRONICS CORP.

TIME & LIFE BUILDING
ROCKEFELLER CENTER




Simple,
Trouble free
Operation
with Top
Performance
and
Convenience

Available as a complete machine to add to your facilities. Available as
system components to re-equip your existing VTR by factory rebuilding
exchange.

m Simpler Operation — far fewer controls and adjustments

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

W 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 current deviation
standards and will accommodate all currently-proposed
standards for high band operation

m Factory-Rebuilt VR1000 Transport — self-contained flat
tape console for greatest tape handling convenience

B Plug-in Modules interchangeable with no readjustments

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

LOOK TO VISUAL FOR NEW CONCEPRPTS IN BROADCAST EGQUIPMENT
e
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LETTERS

to the editor

DEAR EDITOR:

In the November 1964 issue of
BROADCAST ENGINEERING, there
appeared an article entitled “Protective
Maintenance at the Studio,” in which
the author offers a cure for the prob-
lem of announcers who work too close
to the microphone. I feel there is an
important point to be considered if any-
one desires to try this idea.

Mr. Williams advocates replacing the
coupling and/or cathode-bypass capaci-
tors with lower values to provide bass
attenuation in the microphone preampli-
fier. It must be remembered that the an-
nual FCC-required audio proof of per-
formance will be unacceptable when
taken on a console with this modifica-
tion for the very reason that the bass
attenuation will be obvious. T note that
some console manufacturers even “hand-
pick™ certain values for each console
preamplifier in order to provide audio
response as nearly “flat” as possible.

Since the audio proof must include
the entire audio chain of the station,
from the input of the microphone pre-
amplifier to the transmitter output, per-
haps it would be wiser to leave the pre-
amplifier as designed and simply use a
filter between the microphone and the
preamplifier. This would allow easy re-
moval of the attenuating device when
taking the audio proof and would simul-
taneously reflect the true operating
characteristic of the station’s audio con-
sole and system. which is a goal of the
audio proof.

WILLIAM A. KINGMAN

Chief Engineer.
KOWL, Lake Tahoe

Mr. Kingman has brought up an im-
portant point that should be kept in
mind by all station engineers: No equip-
ment modifications should be made that
adversely affect the required technical
performance of the station. In this case,
the problem may not be as serious as it
sounds, at least in the case of AM sta-
tions. The limits for audio response for
these stations are specified only for the
range between 100 cps and 5000 cps.
Thus, strictly speaking, the response be-
low 100 cps could fall off considerably
without resulting in noncompliance with
the Rules. However, as this letter brings
out, the philosophy of not correcting one
wrong thing with another “wrong thing”
is a good one.—Ed.

DEAR EDITOR:

In the December 1964 issue of
BROADCAST ENGINEERING you
published a story regarding a transmitter
tube which had been in service in our
Lampertheim, Germany, transmitter sta-
tion for an unusual length of time.

In your story you inadvertently used
the term ‘“water - cooled”™ 50,000 - watt

BROADCAST ENGINEERING



VIODERNIZING?

START WITH THE MOST
ADVANCED TRANSMITTER
INPUT & OUTPUT EQUIPMENT

CDL SOLID-STATE TRANSMITTER INPUT STABILIZING WARD VIDEO LOW PASS FILTER & COLD
AMPLIFIER . . . for Color/Monochrome Operations. . PHASE EQUALIZING SYSTEM. Features built-in
Solid-State Isolation Amplifiers & Regulaled
Power Supplies.

CO-EL UHF VESTIGAL SIDE BAND FILTER FOR
KLYSTRON TRANSMITTERS.

CO-EL UHF NOTCH DIPLEX-
ER — No Gases Needed —
For use with up to S50KW
transmitters.

CO-EL UHF FILTERPLEXER — No Gases Needed — For
use with up to 50 KW Transmitters.

Ward Electronic Industries

P.0. BOX 1045 « MOUNTAINSIDE, NEW JERSEY o (201) 232-1167
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Only
Collins’ new

212S-1 Solid State

Speech Inpul Console

offers you

noiseless photoconduclive control*

It’s the newest * switching technique in spcech input consoles.
It's noiseless. The switch is made of a photoconductive cell
and a lamp in a sealed container. The cell shows a very high
resistance when the lamp is off, a low resistance when the
lamp is on. This makes a switch with no contacts to wear,
bounce or become contaminated.

A similar device for *level control of the program material
is also used. The photoconductive cell responds to a variable
voltage from a potentiometer to control attenuation in the
signal path. This control eliminates the maintenance time
normally required for cleaning and relubrication of mixer
controls.

Collins’ new 2128-1 was designed primarily for stereo, but
you can use it for monaural, too. It provides monaural output
simultaneously on both program channels from a single in-
put, or you can handle completely separate monaural material
from inputs through two program outpurts. One switch con-
trols this function,

Like all other Collins broadcast equipment, the 2128-1 is
casy to install and maintain. Simple removal of a protective
cover exposes the input/output terminals on the deck. Cable

access ports through this deck permit an installation that's
free of the "haywire look.” Removal of another protective
cover exposes the wiring to card box receptacles. And you
can inspect the cards simply by lifting the hinged card box to
the vertical position. An extender card is furnished for trouble-
shooting at the component level with the cards connected to
the rest of the console.

The modules as used in the 212S-1 lend themselves to custom
studio installation. The cards may be utilized in a variety of
configurations depending. on your requirements. Send the
block diagram of your requirements to Collins for a quoration.
212M-1 Monaural Console
The basic concepts and characteristics of the 212M-1 Mon-
aural version are the same as the 212S-1 stereo version. The
same modules, in less quantity, are used with only single pro-
gram and monitor outputs.

These are a few of the many features which make Collins’
2128/M-1 two of the most versatile, adaptable and reliable
speech input consoles in the Collins line. For complete details
and specifications on the new 212S/M-1, call or write Broad-
cast Communication Division today.

COMMUNICATION / COMPUTATION / CONTROL

()
COLLINS

7

COLLINS RADIO COMPANY / World Headquarters / Dallas, Texas

BROADCAST ENGINEERING

WWW.americanradiohistorv.com



Put your
station on a
solid slate fooling
with
Collins’ new 820E/F-1
AM Transmitter

It's the most extensively transistor-

T

TY=E BAOLAP (L TRANGHITER

installation, as well as extended re-

ized transmitter in the 5-10 kw @

TR G o

liability. It measures just 69" high

power range.

It features solid state -I\ s L

x 67-7/16" wide x 32” deep.

devices in the low-level audio and
driver, the power supply circuits
and the r-f exciter.

This new exciter is a high stability
ovenless-crystal oscillator operating
in the 2.1 to 4.3 mc range, with di-
vision to standard broadcast fre-

For attended operation such as a
combination station, all metering
and control of the transmitter is ac-
complished from a separate ex-
tended control panel, which requires
no remote control authorization. All

{ - meters, controls and status indica-

quency by thin-film components.

The 10 kw model, shown above,
uses six tetrode vacuum tubes in the
r-f driver, power amplifier and modulator citcuits, but re-
quires only two tube types.

Tuning of Collins’ new 820E/F-1 is automatic. A phase-
comparator circuit in the power amplifier stage automatic-
ally controls the PA tuning as loading is adjusted. Since the
tuning capacitor is at a higher network impedance point
and since it requires less padding capacitance than the load-
ing capacitor, tuning correction is fast enough to take place
well within the time required for loading changes.

Collins designed this new transmitter for easy, space-saving

&

- - g
- e

oo tors are contained ona 1214” x 19”
panel supplied with 50 feet of mul-
ticonductor shielded cable for con-
nection to the transmitter. When operating rules permit,
completely unattended operation without transmitter log,
the 820E/F-1 will be immediately adaptable to that con-
cept without rebuilding or modification. It is truly the trans-
mitter for both the present and the future.

o - -

Thinking about a new AM transmitter for your station?
Think about Collins’ extensively transistorized 820E/F-1.
Let a Collins Sales Engineer show you what this new trans-
mitter has to offer. Call or write Broadcast Communication
Division today.

COMMUNICATION / COMPUTATION / CONTROL

(ZZ\\)
COLLINS

=/

COLLINS RADIO COMPANY / World Headquarters / Dallas, Texas
Circle Item 6 on Tech Data Card
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and you're planning

if you want to really

stretch your for the optimum in

equipment dollar... television switching

facilities...

How to get a real assist from the hottest video switching
design team anywhere —(and all it costs you is a postage stamp!)

Let’s get one thing straight: If all you want is preset signal routing, there are lots of suppliers
in the field. But if you want to go the whole route and obtain ultimate flexibility, you need
to consider random “‘on air” video switching — and that’s our specialty.

You can talk anything from studio control to master control . . . to master exchange for
a complete network. We can come up with answers based on experience.

We use solid state plug-in electronics — and since our active switching component is
the ultra reliable wire spring relay of the telephone industry, we are able to supply tally and
sophisticated manual or automated machine control circuitry. The additional cost is minimal
and in many cases there is no increase in physical size.

Northern Electric switching is designed for both color and monochrome signal routing,
and can be supplied in sizes varying from a simple 2x1 module to a complex 100 x 200
master exchange. You can even specify solid state circuitry in the mixer — and get fading
and mixing of composite signals without change in sync or setup levels. You can have audio
follow video, or audio separately controlled. You can also have digital display.

Reliability? One station reports our switcher has operated for four years without mainte-
nance. Another is in a mobile color unit that’s constantly on the move from coast to coast.

We provide know-how first, hardware second. To find out just how we can help you,
fill in the check boxes on the page at the right and mail it in. We’ll then be in a position to
talk “systems”, complete with recommendations and a budget price. No obligation, of course.

10 BROADCAST ENGINEERING



talk with the design
team that built

the largest commercial

broadcast switcher

in North America

TEAMWORK STARTS HERE. As soon as we receive
your outline, our experience is at your disposal. With-
out obligation.

Name

Title

Company

Address

City

SWITCHING REQUIREMENTS

Video D Audio Follow D Audio Separate D
Bridging D Terminating B

No. of Audio Circuits

Video Inputs

Cable Equalization for color D

PURPQSE:
Master Control
Studio D Mobile D Master Exchange D

Size Inputs X Outputs

ANTICIPATED FUTURE EXPANSION YES I:I NO D

If so, maximum size

Inputs X Outputs

TYPE OF SWITCH

CONTROL PANELS

2. Signal Routing D
ves [] wo []

CONTROL CABLE LENGTH

Customized

random “"On Air”

Switching

TALLY No. OF CIRCUITS
(MACHINE, ON AIR LIGHTS ETC)

NORTHERN ELECTRIC SOLID STATE

MIXING AMPLIFIER YES D NO D
RE-ENTRY REQUIREMENTS:
Mix to Effects D
Mix to Effects to Mix D

PROVISION FOR AUTOMATION

Effects to Mix D
ves [] wo []

MACHINE CONTROL DELEGATION YES D NO B
YES D NO B
YES D NO D
YES D NO D
YES D NO D
L]
L]

AUTOMATIC FADES
AUTOMATIC DISSOLVES
AUTOMATIC PRESET ENTRIES
SPACE LIMITATIONS IF ANY
STANDARD 19” RACKS
STANDARD 23” TELEPHONE RACKS

SPECIAL RACKS I:l KIND

COMMENTS

1065-1

Department 9950, Belleville, Ontario, Canada

Northern Electric

COMPANY LIMITED

Circle Item 7 on Tech Data Card
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MORE NEW STUDIO EQUIPMENT FROM ALTEC .

/LATEST ATTENUATOR LINE ACHIEVES\

LESS THAN 1 MILLIOHM CONTACT

RESISTANCE, LOWER NOISE, EASIER
UPKEEP, LONGER LIFE

s

o
¥

The hoped-for possibility has developed into working reality —we’ve
managed to come up with the finest attenuators yet developed. More
than 300 types are available with either solder terminals or as plug-ins,
either rotary or straight-lines, and in such categorics as mixers, cali-
brated controls, calibrated grid control pots, VU range cxtenders,
decade attenuators, impedance matching networks, decade resistors,
faders, and sterco pan potentiometers. And they’re all listed in the
new Altec Attenuator Catalog which we’ve printed as a convenient
reference for your aid.

ALITTLE ABOUT ALOT OF IMPORTANT IMPROVEMENTS

You might like to know how some of these improved attenuators were
engineered. For instance, “coin” silver, which is normally used to make
brushes, contains copper and is subject to oxidation — reducing con-
ductivity and raising noise level, among other things. So we’ve made
our brushes of “fine” (pure) silver because it doesn’t oxidize —it
sulfides. Silver sulfide does not reduce conductivity; in fact, it actually
has a helpful lubricity. We use dual brushes on all our attenuators —
both rotary and straight-line models. They are independently sprung
and so guided as to eliminate “stumble’” from contact to contact.

ADDED DEVELOPMENTS

Our new attenuator line is designed so that we’ll be able to gang up
to 8 of them in tandem, enabling you to operate the whole group with
one control. We’ve produced rotary attenuators that will give you
more steps in less space. How? Instead of putting them in the conven-
tional round cans —we’re building ours in square ones. And we're
using the corners (space that previously went to waste) for the wiring.

DON'T FORGET THE CATALOG /

The new Altec Attenuator Cata-

log we mentioned above has all
the technical characteristics and

ALTEC LANSING
A Division of 77\ Ling Altec, Inc.

other relevant data on the new
ANAHEIM, CALIFORNIA/
o

line. We’ll be delighted to send it
to you. So write today, Dept. BE-4.
@ 1965 AL

Circle item 8 on Tech Data Card

tube. The tube is actually vapor-cooled,
or. more specifically, steam-cooled.

It will be appreciated if you will pass
along this information to the readers of
your excellent magazine.

JOSEPH F. MORGAN
Assistant to Director,
Radio Liberty Network,
New York, New York

Steam is really water, but the temper-
ture does make a difference! We’re glad
to set the record straight concerning the
“260-year-old” tube.—Ed.

DEAR EDITOR:

I look forward each month to the next
issue of BROADCAST ENGINEERING.
finding it a much needed source of
broadcast engineering and technical in-
formation. Since most of it is an excel-
lent reference source, I would like to see
you make binders available to properly
retain complete yearly issues. Keep up
the good work.

CHARLES E. CLARK
Chief Engineer, WMOA,
Marietta, Ohio

Thanks for the kind words, Mr. Clark,
and for the suggestion. We’ve been plan-
ning to offer binders soon; watch B-E
for an announcement.—Ed.

DEAR EDITOR:

Regarding your answer in the “Chief
Engineer” section of the January 1965
issue of BROADCAST ENGINEERING,
I would not place any signs on a tower
without first consulting the tower manu-
facturer regarding wind and ice loading.

C. W. MASON
Chief Engineer, KFI,
Los Angeles, California

The question Mr. Mason is referring
to and the “Chief Engincer’s” answer
were confined to those physical and elec-
trical deviations in the tower characteris-
tics that might lead to noncompliance
with the FCC Rules and Regulations.
The structural characteristics of the
tower must also be taken into account
when any sizeable mass is added—if they
are not, a most embarrassing situation
may result, and the station engineer will
have need of the article appearing on
page 13 to this issue.——Ed. A

Broadcast Engineering
Yol. 7, No. 4 April, 1965
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WHAT 10 DO IN
TOWER EMERGENCIES

This article is offered as a guide
to those people in charge of standard
broadcast stations who experience
antenna trouble which prevents nor-
mal operation. The necessary steps
required to “stay legal” in the eyes
of the governmental agencies con-
cerned, the Federal Communications
Commission and the Federal Avid-
tion Agency, will be discussed, and
an attempt to provide useful tech-
nical remedies will be made.

Rules Compliance

The Rules and Regulations of the
Federal Communications Commis-
sion require that knowledgeable op-
erators be in charge of broadcast
stations so that the licensee can meet
his obligation to operate the station
properly in the “public interest,
conventience, and necessity.” That
part of the obligation to operate in
the “public interest” requires the op-
erator to return to normal operation
as soon as possible after an emer-
gency and to choose intelligently the
mode of temporary operation to
prevent unnecessary interference.
The obligation to operate the facil-
ity for the public “‘convenience and
necessity” requires that in case of
emergency some means be employed

Editor’s Note

The tower at a broadcast station is
usually taken for granted. It stands
day after day, through fair weather
and foul—usually. But any number of
misfortunes can befall the antenna sys-
tem of an AM station. These can
range from a defective component in
a tuning unit to the complete collapse
of a tower.

To show that such emergencics
really happen—and what to do about
them — BROADCAST ENGINEER-
ING in this issue presents two articles
on this subject. Beginning on this
page, George Sklom gives a practical
discussion of “What to Do in Tower
Emergencies.” Then beginning on page
28, Len Spencer tells how the emer-
gency was handled when a tower did
fall at CKAC.

April, 1965
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to continue to render broadcast serv-
ice to the area.

Perhaps one of the most often
neglected duties in time of antenna
malfunction is notification to the
Federal Communications Commis-
sion in accordance with Section
73.57 of the Rules and Regulations.
Upon determination that the trouble
cannot be corrected in a matter of
a few minutes, the Commission
should be notified. The Washington
and District Commission offices
should be informed of what the

by George M. Sklom, Associate,
Walter F. Kean, Consulting Radio
Engineers, Riverside, lllinois—The station
engineer can be prepared for that

“once-in-a-lifetime” emergency.

problem is, the temporary mode of
operation being utilized, and an esti-
mate of the time necessary for re-
turn to normal operation. Of course,
when repairs have been made, the
Washington and District offices
should be notified of that fact also.

In the case of tower collapse, or
even failure of AC to the tower, an-
other important notification must be
made to the Federal Aviation
Agency. In Part 17 of the Rules and
Regulations (Construction, Mark-
ing, and Lighting of Antenna Struc-

‘ EQUIVALENT
CIRCUIT
j}—@——l——fﬁm OF ANTENNA
X
500 ’ xp 1 ‘ Ry - 10

EL
POWER =1000 W

EA
| T

Xp = 1300

SAMPLE CALCULATIONS:

X1=+

RA(Zg-RA) - XA = + —/10(50-10) +300 = 320; THEREFORE:

X1=+] 320 OHMS

RA . = e S
X2 =25/ Zegn " 50/ 50-10 * %: THEREFORE X - - 125 OHMS
: P . /1000 .
LA g~ /L - 10 AMPERES
- ~/PL - /100 -
I ﬂ/% ~/T0 - 4.47 AMPERES

"

EL

EL 224

~N
]

X2 25
Exa = X =10 X 300 = 3000 VOLTS

ERa = |a Ra = 10X 10 = 100 VOLTS

2 2 . .2
Lg <1241t
(8.96) 2+ (4.41 2 = (10) 2
100 = 100
Fig. 1.

—— = 8.96 AMPERES

—/PLXZs = — /1000 X 50 =224 VOLTS

E] = lp X =101(320) = 3200 VOLTS

Sample calculations showing the high reactive voltages for a tower stub.
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tures), Section 17.37(b) requires
that the licensee:

. shall report immediately by tele-
phone or telegraph to the nearest
Flight Service Station or office of the
Federal Aviation Agency any observed
or otherwise known failure of a Code
or rotating beacon light or top light
not corrected within thirty minutes,
regardless of the cause of such failure.
Further notification by telephone or
telegraph shall be given immediately
upon resumption of the required il-
lumination.

The purpose of the transmitter
and maintenance log is to show tech-
nical operation of the station, and
any periods of abnormal operation
should be shown therein. To many
it may seem unnecessary to mention
this, but many operators seem to
think that equipment failure testi-
fies to weakness on their part and
fail to log abnormal operation. In
order to protect the licensee, and
therefore you job, “stay legal.,”
Notify the FCC and the FAA if
necessary, and log actual operation.

Tower Collapse

Even in the event of a tower col-
lapse, some interim operation must
be employed as soon as possible to
finish the broadcast day. The prob-
lem will be examined for stations
employing either directional or non-
directional antennas.

Nondirectional Antennas

If a stub of the tower, 50’ or
more, remains, you will probably get

FROM
TRANSMITTER

on the air more quickly by trying to
feed the remaining portion of the
tower than by using a horizontal
wire. It will be necessary to operate
at low power due to the high reac-
tive voltages that may exist, as
shown in the sample calculations of
Fig. 1. The tower base will exhibit
low resistance and high capacitive
reactance—approximately 10 ohms
resistance and 300 ohms reactance,
depending upon frequency. In such
a case you will have to make drastic
modifications in the antenna match-
ing circuit, using the components in
the tuning unit and perhaps what-
ever else you can find. Methods of
estimating the matching-circuit com-
ponent values will be discussed later
in this article.

You will have to resort to a hori-
zontal wire antenna if you have lost
the entire tower or to allow recon-
struction of the original tower. You
should attempt to get .25 wave-
length of wire as high above the
ground as possible; keep in mind the
danger of injury to_persons coming
in contact with the wire, and be sure
to place the antenna out of reach.
Also remember that for horizontal
wire antennas measuring between
.25 and .5 wavelength the maximum
radiation is broadside to the wire.
Consider the position of the most
important service area, and orient
the wire accordingly if possible.
Matching this type of antenna also
will be discussed in a later portion

TEMPORARY CONNECTION

P

DISCONNECT QL

\ LINE
\

: TRANSMISSION

of this article.

Whatever antenna is used, the ul-
timate check on the adjustment of
the matching network is maximum
antenna current, so it is necessary
to place a meter in series with
the antenna. The power that can be
run depends on the antenna, the ad-
justment of the matching network,
and the transmitter. Power will have
to be determined by the indirect
method set forth in Section 73.52 of
the Rules and Regulations. When
the matching network is adjusted
properly, the transmitter will tune
up near the normal values of plate
voltage and current. State the
amount of DC input in the notice
to the Commission.

Directional Antennas

If the station uses a directional
antenna and the tower problem has
destroyed all licensed patterns, you
will have to go nondirectional. Of
course, if the tower in which the
problem exists is idle in one normal
mode of operation, operate the re-
maining licensed pattern. Remem-
ber not to exceed the power limita-
tion for whatever mode of operation
you choose. For instance, if the sta-
tion is licensed to operate with 5
kw day and .5 kw night and you are
forced to use the night pattern dur-
ing daytime hours, don’t get excited
and apply 5 kw to .5-kw compon-
ents and meters.

It is necessary to use judgment in

\
\ g
000 oo:/; (oo

DISCONNECT
I

TRANSMISSION

LINE

S Ry

DISCONNECT
I

000 ‘e

FED
ANTENNA
2 IDLE
ANTENNA
000 il:/,
DISCONNECT

e

Fig. 2. Modifications made to antenna matching circuit permit feeding power to a remaining tower in a directional array.
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choosing the interim power in cases
of emergency. In no case should you
exceed the normal licensed power.
Of course, it is desirable to operate
with enough power to render service
to your primary community, but
keep in mind the protection func-
tion of the directional antenna.
When operating in the nondirec-
tional mode, do it with as little
power as is reasonable. In any case,
evaluate the channel conditions as
best you can, make your decision,
and tell the FCC what you are
doing. The Commission will cer-
tainly consider the interference you
may be causing and suggest alter-
native measurcs if it feels them
necessary.

Where it is necessary to go non-
directional at a normally directional
station, the phasor may be bypassed
as shown in Fig. 2. Towers that are
left standing and are not fed should
be “floated” if approximately .25
wavelength and grounded if approxi-
mately .5 wavelength. Attempt to go
nondirectional using the tower which
was used for nondirectional oper-
ation at the time of the antenna
proof of performance (provided, of
course, it is not the defective one).
The proof-of-performance report
should also show the original non-
directional circuit, so try to repro-
duce it. Adjustment of the matching
circuit in this case is the same as
that to be discussed for a nondirec-
tional station.

Defects Without Collapse

A change in impedance of some
component of the antenna tuning
circuit or the antenna itself can up-
set the operation as much as a fal-
len tower. In a nondirectional oper-
ation, the cause of impedance
change can usually be tracked down
to the transmission line, a compon-
ent in the antenna tuning unit, the
base insulator, guy insulators, light-
ing chokes, or FM or TV transmis-
sion-line isolation sections. At a di-
rectional station, the same possibili-
ties for trouble exist along with a
few more, such as sample-line isola-
tion coils, power-dividing tank, and
transmission-line phase shifter—and
a greater number of towers is in-
volved. Whatever the cause, until
the problem is corrected and the cir-
cuit impedance returned to normal,
temporary antenna measures must
be utilized just as in the case of a
tower collapse.
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Matching the Antenna

If you are forced to use a hori-
zontal wire antenna, you are going
to have to do some simple calcula-
tions and a lot of guessing. The
number of feet per wavelength can
be determined by dividing 984 by
the frequency in megacycles. The
length of a quarter-wave antenna
can be determined by dividing 246
by the frequency in megacycles and
multiplying the result by .95 to cor-
rect for the “end effect,” or ca-
pacitance added to the system by the
insulators.

The impedance at the feed point
will be greatly affected by the way
in which the antenna is positioned—
primarily by height above ground.
Radiation resistance generally in-
creases linearly with height above
ground to approximately .25 wave-
length. Typical values are about 30
ohms resistance and 30 ohms ca-
pacitive or inductive reactance. First

o
COAX LINE, -

CHARACTERISTIC
IMPEDANCE

Zg = 500
POWER = 1000W

connect the end of the wire antenna
directly to the transmitter output
terminal and tune for resonance. If
this is not successful, attempt feed-
ing the wire antenna at the antenna
tuning unit using the components of
the tuning unit and even the trans-
formation action of the transmission
line as a matcher. A word of caution
concerning the RF line-current
meter on the transmitter: The im-
pedances to be encountered are un-
known; therefore, let the overload
relay protect the transmitter final,
and keep your eye on the RF line
meters to avoid burning them out.
There is nothing so disconcerting as
to try and then abandon several
matching attempts before stumbling
onto the fact that the first attempt
disconnected the load from the
transmitter by burning out the

meter.
While the impedance of the hori-
zontal wire or the stub of a par-
® Please turn to page 80

EQUIVALENT CIRCUIT
lA OF ANTENNA

Ra = 300

1

Xp = - 309

SAMPLE CALCULATIONS:
X1 = + —~/RA(ZS- RA) - XA = + /30 (50-30) - (-30) = 54.5; THEREFORE:

30

X1= i 54.5 OHMS

RA /30 ) s
Xy = Eg — /ZS—-RA = 50 —\//5;_ 30 ° 61.3; THEREFORE X, = -] 61.3 OHMS

5.78 AMPERES

it =/ ;lé = 1(;((3)0 = 4.47 AMPERES

EL -~/ PLXZs = /1000 X 50 - 224 VOLTS
E} ~1p X1 = 5.78 X 545 = 315 VOLTS

EL 224

lp = —~t— =% . 365 AMPERES

X2 61.3
Exa = la Xa= 278 X 30

"

173 VOLTS

ERa = A RA= 5.78 X 30 = 173 VOLTS
1= 15412

(3.65)2 + (4.47) 2 = (5.78)°

23 =533

Fig. 3. Matching network, calculations for a V4-wave horizontal wire antenna.
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WIRELESS MICROPHONES

Many situations requiring highly
mobile audio-pickup equipment for
radio, live felevision, and filmed
productions have confounded broad-
casters and cameramen for years.
They have strung cables, suspended
microphones from long, ungainly
booms, and even tried a few wire-
less microphones, most of which
have been only marginally useful,
from time to time. Chances are,
however (unless you’ve investigated
wireless systems recently), you’d be
surprised to learn that solid-circuit
techniques and miniaturized com-
ponents have made a quite a dif-
ference in the quality and reliabil-
ity obtainable from FM-wireless
microphones.

Experience gained in the motion-
picture industry (where huge indoor
sets and outdoor location scenes re-
quire highly sophisticated sound

Fig. 1.

by Ray L. Fetterman, Markham,

lllinois—Improved wireless pickup equip-

ment can simplify the job which faces

engineers on many remote productions.

techniques) has enabled a few man-
ufacturers to perfect wireless-micro-
phone equipment which can make
production of special events a much
simpler task. To do this, they had
to overcome several problems which
have slowed general acceptance of
these special-purpose pickups.

Development

In earlier days, for example, a
pickup apparently perfect in all re-
spects would suddenly fade or suf-
fer audio distortion far beyond that
which the engineer could control
from the mixer panel. One trans-
mitter designed specifically for fully
concealed wireless-microphone ap-
plications might function perfectly
for one individual (on a certain
day!) whether he hand-held the
microphone or concealed it on his
person; the same unit might fail

| E@snx \é
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Hand-held mike has integrally mounted telescoping antenna system.

miserably when used by another
individual due that old bugaboo . . .
body capacitance! Other factors
which create headaches for the
wireless-microphone user are tem-
perature and humidity variations
(especially on location), static-pro-
ducing high-tension lines, fluores-
cent lights, automobile - ignition
noise, and RF interference from
other transmitters. Temperature var-
iations can detune an unstable
transmitter unexpectedly; the other
factors will, of course, interfere
with the received signal.

Some ecarly units transmitted in
the standard broadcast band (540
kc to 1600 kc). These systems,
quite understandably, didn’t work
out too well. Too often, a powerful
AM station’s signal would boom in
over the system and completely
block reception of the remote
pickup. Soon after, however, most
manufacturers switched to FM
transmission in one of two bands:
25 to 45 megacycles or 88 to 108
megacycles (entertainment band).
During the early development of
wireless microphone transmitters,
only Mil-Spec semiconductors and
miniaturized components were of
high enough quality to ensure suc-
cess in applications where stringent
size and stability requirements are
paramount. Limited availability and
the high cost of these components
usually ruled out most of the morc
dependable ones. Today, however,
the price and availability of semi-
conductors and other essential com-
ponents lend themselves to the
design of units which will provide
fade-free, drift-free transmission of
audio signals. The rapid develop-
ment of microcircuitry is even
more encouraging. Sizes of thc
concealed transmitters and of self-
contained lavalier-style transmitter/
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Fig. 2. Setup of several receivers used for political or indoor sporis coverage.

microphone packages can be re-
duced without sacrifice of operating
performance.

Equipment Available

Most wireless-microphone trans-
mitters are packaged within the
body or case of a standard lavalier
microphone, or in a separate unit
which will accept plug-in pickups.
A few of the separate-case models
feature built-in microphones, but
these are not recommended for
professional service, except for
nightclub entertainment use or pub-
lic address.

Telecasts and radio broadcasts of
most special events, news programs,
panel shows, interviews and the
like, do not require microphones
which must be concealed. What
they do require are units which have
no cables to impede the movements
of the newsmen, MC'’s, or guests. In
these applications, the self-con-
tained lavalier-type wireless micro-
phone is the ideal solution. One
well-known West Coast firm pro-
duces two versions of a a self-con-
tained microphone-transmitter unit.
These units are FCC approved and
operate at frequencies in the 25-mc
to 45-mc band. Their standard
model is a lavalier unit 17 in diam-
eter and 5” long. The microphone
itself is a dynamic type having an
acoustic response of 80 cps to 14,-
000 cps. Complete with mercury
battery, it weighs only seven and a
half ounces. A neck cord and/or
waist cord function also as the an-
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tenna for efficient transmitter oper-
ation. Their hand-held wireless mi-
crophone (see Fig. 1) is 38" longer
than its lavalier counterpart and has
a telescoping whip antenna mounted
integrally. If greater range is re-
quired, there is also available a
helmet which has a longer whip
antenna attached to the crown.
Several versions of the hand-held
and lavalier microphones may be
seen, from time to time, on various
telecasts. These units employ sen-
sitive FM receivers (shown in oper-
ation in Fig. 2) to round out the
system. Sensitivity is on the order
of 1.5 microvolts, or better.

Many small microphones avail-

able today will meet the require-
ments of the recordist and the audio
engineer. Most are of the dynamic
type and are available in high-,
low-, or adjustable-impedance types
and cover the audio-frequency
range demanded by the filming in-
dustry as well as by broadcasters.
In some instances, ultra-small mag-
netic and crystal microphones have
to be employed for the sake of
maximum concealment. These units
can be concealed in brooches, neck-
laces, or boutonnieres worn on the
person of a performer. These types
should be considered only where
maximum concealment is required
(in dramatic programs, for exam-
ple), as their frequency-response
range seldom exceeds 100 cps to
5000 cps.

The size of most separate-case
wireless microphones approximates
that of a pack of king-sized ciga-
rettes. Fig. 3 shows a transmitter
unit of this configuration which is
satisfactory for many applications.
Small as they are, these still present
problems when it comes to conceal-
ment in tight-fitting costumes or
athletic attire, or on the person of
a woman. Faced with this problem,
an independent motion-picture com-
pany in California has developed
an ideal transmitter/battery-pack-
age unit. The transmitter case and
the separate battery pack are each
the size of a “flip-top” cigarette
lighter, and yet there is no sacrifice
in the quality of the audio signal

@ Please turn to page 79.

Fig. 3. Typical cigarette-pack-sized transmitter uses buttonhole microphone.
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MULTIPLE FUNCTION
REMOTE CONTROL PAIR

Although a relatively simple de-
vice, the relay can form the basis
of systems that perform relatively
complicated functions. Over the
years, the number of such applica-
tions has steadily increased. One
such interesting and useful circuit
will be described here.

Control Circuit

Fig. 1 shows the basic principle
which permits eight functions to be
obtained with a single telephone
pair, four diodes, and four relays.
The following sequence explains the
biasing and connections required to
obtain those eight functions. In the
first six steps, the bias polarity is
with reference to ground (which
also provides the return path).

1. With a positive voltage applied
to the top side of the phone
line, diode X1 is forward
biased, and relay K1 is ener-
gized.

2. With a negative voltage applied
to the top side of the line, diode
X2 is forward biased, allowing
relay K2 to be energized.

3. With a positive voltage applied
to the bottom side of the phone
line, diode X3 1is forward
biased, energizing relay K3.

4. With a negative voltage applied
to the bottom side of the line,
diode X4 is forward biased; K4
is energized.

5. With the two wires of the phone
line connected together and a
positive voltage applied, diodes
X1 and X3 are forward biased,
and relays KI and K3 are
energized.

6. With the two wires of the phone
line connected together and a
negative voltage applied, diodes
X2 and X4 are forward biased,
K2 and K4 are energized.

7. With a positive voltage applied
to the top side of the phone line

by L. C. Sandlin, Chief Engineer,
KWHK, Hutchinson, Kansas —

Economy in the use of line facilities

can be realized by appropriate

arrangements of diodes and relays.
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Fig. 1. Basic relay and diode connection.

and a negative voltage to the
bottom side, diodes X1 and X4
are forward biased, allowing re-
lays K1 and K4 to be energized.

8. With a negative voltage applied
to the top side of the phone line
and a positive voltage to the
bottom side, diodes X2 and X3
are forward biased, and K2 and
K3 are energized.

Each relay thus operates under
three different sets of conditions. It
is now necessary to be sure each
relay operates its associated circuit
during only one of these three
movements. A series of counter-
checks makes this possible.

When switch S1 (Fig. 2) is
closed, a negative voltage is applied
to relay K1 through wire W1 and
diode X1. Relay K1 energizes relay
K5; a pair of normally open (NO)
contacts of K5 then closes to com-
plete the circuit from terminal 1 of
the terminal board through nor-
mally closed (NC) contacts on re-
lays K7 and K8 to terminal 2.

Switch S2 applies a positive volt-
age through wire W1 and diode X2
to relay K2. Relay K2 energizes
relay K6. The NO contacts on relay

K6 close to complete the circuit be-
tween terminals 3 and 4 of the ter-
minal board, through NC contacts
on relays K7 and K&.

Switch S3 applies a negative volt-
age through wire W2 and diode X3
to relay K3. Relay K3 energizes
relay K7. NO contacts on relay K7
then complete the circuit between
terminals 5 and 6 of the terminal
board, through NC contacts on re-
lays K5 and K6.

Switch S4 applies a positive volt-
age through wire W2 and diode X4
to relay K4. Relay K4 energizes
relay K8. NO contacts on relay K8
close to complete the circuit be-
tween terminals 7 and 8 of the ter-
minal board.

Three-pole switch S5 applies a
negative voltage simultaneously
through wires W1 and W2 to relays
K1 and K3. The closing of relays
K1 and K3 closes relays K5 and K7
and results in complction of the cir-
cuit between terminals 9 and 10 of
the terminal board. When relays K5
and K7 close, they protect the first
circuits called for by switches Sl
and S3 since the NC contacts have
now been opened.

Switch S6, also a three-pole type,
applies a positive voltage through
wires W1 and W2 to relays K2 and
K4. Relays K2 and K4 operate and
cause relays K6 and K8 to pull in
and complete the circuit between
terminals 11 and 12 of the terminal
board.

In this case also, the circuits
closed by K6 and K8 individually
(between terminals 3 and 4 and ter-
minals 7 and 8, respectively) re-
main open due to the opening of
NC contacts on these relays.

Switches S5 and S6 must be ad-
justed to assure that the contacts to
wires W1 and W2 make before the
contact to ground. One of the “hot”

BROADCAST ENGINEERING



contacts is likely to close before the
other, and if the ground return is
completed first, a function assigned
to one of the double-pole switches
will be performed.

Switch S7 makes wire W1 nega-
tive with respect to wire W2. Appli-
cation of this voltage closes relays
K1 and K4, which in turn closc
relays K5 and K8. The latter relays

13 and 14 of the terminal board.
These two relays protect the pre-
viously described circuits by open-
ing NC contacts.

Switch S8 makes wire W1 posi-
tive with respect to wire W2. This
causes relays K2 and K3, and there-
fore relays K6 and K7 to operate.
The circuit between terminals 15
and 16 of the terminal board is thus

described are protected by the
appropriate relay contacts.

Any of the terminal pairs 1-2
through 11-12 can be used to ac-
tuate a relay connected in a manner
similar to that used for K9. Ter-
minal pairs 13-14 and 15-16 can
be used to open the coil circuit of
a latching-type relay.

open the circuit between terminals  opened. The circuits previously € IRlcasciinale PRgEEY
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Fig. 2. Arrangement of relays, diodes, and switches used at KWHK provides control of eight functions over a single telephone pair.

April, 1965

19



RF POWER MEASUREMENTS

All broadcast stations are author-
ized to operate with a definite power
output that will enable them to
provide the necessary service with-
out causing objectionable interfer-
ence to other stations. Since the
FCC prescribes specific tolerances
for the operating power, some ac-
curate power-measuring means must
be employed not only in the orig-
inal setup but also in day-to-day
operation. The FCC Rules require
that instruments of known accuracy
be permanently installed or readily
available and that checks be made
at prescribed intervals and, in some
instances, in a prescribed manner.

The power-measurement equip-
ment and techniques used at a given
station are influenced by the car-

by Patrick S. Finnegan, Consulting
Author, Chief Engineer, WLBC AM-TY,

WMUN FM, Muncie, Indiana — Some

methods to use to assure compliance

with the Rules and license provisions

concerning station power,

rier frequency, power, type of modu-
lation, and service. In television and
FM broadcasting, high-gain an-
tennas and long transmission lines
are used. In these services, power
measurements must be based in part
on manufacturers’ stated gain and
loss figures for the antenna and
transmission line. Less indirect
mcthods are possible where stand-
ard broadcast stations are involved.

Even though normal readings
from accurately calibrated power-
measuring instruments are logged
at prescribed intervals, the operator
cannot assume the signal is reach-
ing the desired scrvice arca. The
cfficiency of the radiating system
is a major factor in determining how
much of the transmitter power is

AM TOWER

TUNING UNIT AT BASE OF TOWER

i—
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KXXXAXD

X2

N
b o,
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Fig. 1.
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Location of the antenna-current meter in the feed system of an AM tower.

actually reaching the service area.
Gradual deterioration of the radiat-
ing system can result in reduced
cfficiency. One good example of
such deterioration came to light in
recent ycars when most of the class
IV AM stations increased their
power. The FCC required a new
determination of the antenna base
resistance before a modified license
was issucd. Many of thesc stations
discovered that the base resistance
had changed, and they were actually
radiating less power than was sup-
poscd. The only way to be abso-
lutely sure of the¢ amount of power
being radiated is to make field-
strength measurements. Those sta-
tions with directional antennas are
required to make a number of field-
strength measuremcnts periodically.
Although the number of points
measured does not constitute a com-
pletc survey, the readings are still
useful in observing the cfficiency of
the radiating system.

AM Power Medasurements

Standard AM stations are nor-
mally required to use the direct
method of power mcasurement. In
order that this method may be used,
the antenna resistance at the basc
of the tower must be determined
and the RI current at this point
measured. The power is then com-
puted by multiplying the resistance
by the square of the current.

The antenna-current meter must
be installed permanently at the
same point where the antenna re-
sistance was measured (Fig. 1). This
point must be electrically adjacent
to the tower; nothing else is per-
mitted between the meter and the
antenna except the lead itself, which
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becomes part of the antenna. This
requirement 1S necessary to insurc
that no variable quantity, such as
an adjustable coil, can be introduced
to change the antenna resistance.
When installing a sampling device
for a remote antenna-current meter,
it is important to be sure the sam-
pling device is on the transmitter
side of the permanently installed
antenna meter.

Thermocouple RF ammeters are
required for measuring antenna cur-
rent. Each meter must meet certain
specifications enumerated in the
FCC Rules—length of scale, ac-
curacy, number of divisions, etc.
Citations have been issued in cases
where the station engineer had re-
placed a burned out antenna current
meter with one that did not meet
the FCC specifications.

When a station uses a different
power for day and night operation,
it is more convenient to use an
expanded-scale meter so that both
currents may be read accurately
on a single meter instead of using
two different meters. The FCC per-
mits the use of an expanded-scale
meter, providing it meets the re-
quirements established for such
meters.

A directional antenna array is
treated as a complete radiating sys-
tem; therefore, power is measured
at the common input point of the
system (Fig. 2). Readings of the
various base currents, sampling cur-
re