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New NEMS-CLARKE -
Precision Phase Monitor "¢

For any broadcaster where precision and accuracy of antenna para-
meters are important, here is the answer. Available now, the new Nems-
Clarke PPM-101 Precision Phase Monitor is designed for use with critical
directional antenna arrays, where resolution and stability are of para-
mount importance. [t offers direct reading and is routinely operated.

Phase angle readings are presented on the in-line readout panel of a
digital counter directly in degrees, with a resolution of 0.1 degree. Cur-
rent ratio between towers is read on the current ratio meter as a deviation
from normal value, with a resolution of 0.1%. Repeatable accuracy is
=+ 0.1 degree.

The nuvistorized and transistorized circuitry is enclosed in completely “
shielded plug-in modules. The use of plug-in input components makes
the system adaptable to any number of towers from two to twelve. Self-
calibration features are included in both the phase meter and current

ratio meter. ,.I
For complete technical information and descriptive literature write today I rﬂ ['ZEOI'A’O/V/OS
to Broadcast Product Manager, Vitro Electronics, 919 Jesup-Blair Drive, A Division of Vitro Corporation of America

Silver Spring, Maryland.
NEMS-CLARKE—-RECOGNIZED STANDARD IN BROADCAST EQUIPMENT
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For Picture Quality Sponsors Want
Use the New RCA-7295B and 7389B Image Orthicons

INCORPORATING NEW “MICRODAMP' CONSTRUCTION

You'll air the sharpest product shots ever with these two new
414" field-mesh image orthicons, each a substantial improve-
ment over its predecessor types.

Improvement in 7389B over 7389A... New improved and tighter
limits in: signal output current—operating sensitivity —back-
ground uniformity—signal uniformity « Increased amplitude re-
sponse » Highest signal-to-noise ratio of any commercial image
orthicon (95:1 at 4.5 Mc) » Decreased microphonics « Improved
detail response with best gray scale obtainable FOR LIVE B&wW
STUDIO PICKUP AND MAGNETIC TAPE RECORDING OPERATIONS.

Improvements in 7295B over 7295A. .. Improved background
uniformity « Higher signal-to-noise ratio (75:1 at 4.5 Mc) ¢ Im-
proved signal uniformity » Higher signal output levels » Lower
microphonics « More stable sensitivity characteristics. ForR Baw
VIDEOTAPING.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics

January, 1964

Recognize
“Microdamp”
construction

by these external
features:

Vibration.
absorbing tips'

*—. Vibration-

absorbing tape

Opaque
- black coating

“Microdamp’ construction in
these new image orthicons re-
duces microphonic noisg in the
output signal by isolating the
target-to-mesh assembly from the
effects of external acoustical
noise and camera vibration, and
by damping out internally in-
duced vibration of the target.

An opaque black coating is ap-
plied to lower part of tube which
eliminates possibility of “‘washed-
out’” pictures due to extraneous
light entering tubes.

AVAILABLE THROUGH YOUR AUTHORIZED RCA BROADCAST TUBE DISTRIBUTOR
FOR NAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR
NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE—NEW YORK, NEW YORK:
36 W. 49th St., MU 9-7200; NEEDHAM HEIGHTS 94, MASS.. 80 A" St., HI 4.8480;
WASHINGTON 6, D. C.. 1725 "K' St., S.W., FE 7-8500; ATLANTA, GA.. 134 Peach-

1ree St., N.W., JA 4.7703; CLEVELAND, OHIO. 1621 Euclid Ave,

CH 1-3450;

CHICAGO, ILL.: Merchandise Mart, 467.5900; DALLAS 7, TEXAS: 7901 Carpenter
freeway, MElrose 1:3050; KANSAS CITY 14, MO.: 7711 State Line, EMerson 1.6462;
LOS ANGELES 22, CALIFORNIA. 680} East Washington Bivd., RAymond 3-836I.
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— first choice

of those who
demand the best!

Solid
State

RECORDERS

INCOMPARABLE
PERFORMANCE

Quarter-Track Record/Play Data

ip—s “db cps s/n
71/2 +2 50— 30,000 56db

3-3/4 +2 30 —20,000 52db
1.7/8 +£3  30—16000  50db
15/16 +3 30 —10,000  48db

The most complete recording instru-
ments ever designed for stereo use.
Audio circuity, £1/4 db from
10-100,000 cps; extended range,
5-500,000 cps. Plug-in circuit modules
are printed on epoxy and gold plated.
Engineered to space craft reliability.

THE HALLMARK
OF CROWN —
SUPERLATIVE
CRAFTSMANSHIP
THROUGHOUT!

INDIVIDUAL PERFORMANCE
RECORD SUPPLIED
WITH EACH CROWN

WRITE DEPT. BE-01

G'Iu"llm

INTERNATIONAL
1718 Mishowaka Rd. ¢ !lkhen,ﬁlnd.
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CBS Laboratories' Video Distribution Amplifier is all solid-state, main-
tenance free, and honestly meets the specifications written for it.

For further information write to:

cés LABORATORIES

' HIGH RIDGE ROAD STAMFORD, CONNECTICUT

A DIVISION OF COLUMB!A BROADCASTING SYSTEM, INC.
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MODEL 870

DynamicBetw)

TRANSISTOR TESTER

Tests transistors as recommended by manufacturers at specified
le, Vee and I, ® checks Collector Saturation Voltage (Vce-sat) ®

provides low voltage, high current tests—excellent for switch-

ing transistors e controls provide maximum set-up flexibility

combined with speed-engineered layout for volume testing of

transistors ® Complete with roll chart giving test data for over

1,500 transistors.

HICKOK MODEL
850P TRANSISTOR
ANALYZER

Tests under actual circuit
conditions and is ideal
for use as a '"breadboard”
in transistor research
and experimentation.

THE HICKOK ELECTRICAL INSTRUMENT CO.

The new Hickok Model 870 portable tran-
sistor tester—fwo transistor testers in one—
measures large signal DC Beta on power
transistors as well as small signal AC Beta
on low and medium power transistors. It
features variable collector current and col-
lector voltage. (Beta tests are meaningless
unless tests are made at specified current
and voltage values.) Collector test current is
variable up to 2 amperes, permitting Beta
measurement on power transistors rated at
5 amperes Or more.

Write for complete details and
specifications on Hickok Transistor
Testers. Ask for Form TT-607 and
Form TT-611.

10544 DUPONT AVENUE e CLEVELAND, OHIO 44108

Represented In Canada by Stark Electronics, Ajax, Ontario + Internationally
by Hughes International, Husint, S. A., Culver City, California
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LETTERS

to the editor

DEAR EDITOR:

With the advent of the new FCC Rule
concerning maintenance logs, it has be-
come necessary to make up a new form.
I'm sure there are as many formats as
there are stations, but perhaps an ex-
change of ideas regarding items to be
included in the printed portion of the
log would be helpful.

I have enclosed a copy of our log. If
other engineers send theirs in to you.
might we have a page of those that seem
to have the most merit?

Doug Hutton
Chief Engineer, KBFM, Lubbock, Texas

Yours is the second maintenance log
we have rececived, Doug; the first ap-
peared in the Engineers’ Exchange de-
partnient of the August issue. We will
continue to carry such items fro:n time
to time, unless the samples begin arriv-
ing in wholesale quantities. In that event,
we'll compile them into a feature on
maintenance logs. How about it readers?
It’s up to yon. —Ed.

K 8 F N Maintensnce log

FAA notification

Background Music, nc. 96,3 »e
$03 Great Plains 81dg. 3600 vatte TRY
Lubbock, Texas 79404

Werk beginning Sunday,
Deily tower light inspection required by Para. 17.38(b) FCC R6R
Date ged Time Cond.

|
I

3 month towsr fnspection required by Pare. 17.38(d} TCC RéR

Date Signed ond.,

Notes:

I hereby cartify thet 1 have made the inspectioms of ell transmitting equipesnt in use
neadsd and/or made.
Date Signed bate Signed

required by Para, 3.284(g} of the FCC Rules and Regulations, mnd noted below all repairs

Freq. Measurement: Xtal 1 was Kon. resd

Xtal 2 vas

‘onelrad tast alect received from at on by

DEAR EDITOR:

I read with interest Mr. King's ar-
ticle, "A Rotating Cartridge Rack.” A
question has been raised at this station
as to whether the console pictured in
the lower left corner of page 20 is a
Gates "“Dualux,” and if so what modifi-
cations have been performed on it.

When 1 switch both amplifier chan-
nels of our “Dualux” into one output
line, as seems to be shown in the pic-
ture, a serious mismatch occurs.

Could you please satisfy our curiosity
on this matter?

PERRY E. AHAFFAH
Chief Engineer, WAJP, Joliet, Il

The console pictured is a “Gatesway,”
not a “Dualux,” Perry. Please watch for
a letter from Mr. King, with further in-
formation, in the February issue.—Ed.

BROADCAST ENGINEERING
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OUR ENGINEERS GO WHERE THE TUBE GOES

RESULT: GB GOLD BRAND reliability

On-the-spot study of broadcasters’ special needs—and
those of aviaticn, mobile communications and general
industry —is just part of the extra effort that makes
Sylvania GB Goid Brand Tubes exceptionally reliable.

Armed with inside knowledge of critical applications,
our engineers designed a GB Gold Brand Tube to do
each specific job better than any other tube can.
These tubes benefit from the most advanced Sylvania
developments: Rhenium-Tungsten Heaters...Dark
Heaters...Sarong, Bikini and LIFE-EOOST* Cathodes
...new high-dissipaticn plate alloys.

This advanced, customized design, phus rigidly con-
trolled manufacture and stringent testing, means you

can get rugged, iong-life fubes with exactly what is
needed in your application.

Has the extra effort succeeded? On-the-job evalua-
tion by actual users, over long periods, has proved the
outstanding performance and reliability of GB Gold
Brand Tubes.

They are your best answer for critical commercial
and industrial tube applications where reliability is
essential.

Electronic Tube Division, Sylvania Electric Products
Inc., Box 87, Buffalo, New York 14209.

“Trademark

AVAILABLE FROM YOUR SYLVANIA INDUSTRIAL TUBE DISTRIBUTOR

SYLVANIA

SuBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS (%%
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Conrac
picture monitor for
13" consoles

Specifically designed to fit thirteen-inch consoles, the CONRAC CTA8/TU
is a direct replacement for the monitor portion of older master monitors.
The housing has mounting facilities for the Tektronix 527 Scope to allow
modernization of your equipment with a minimum of inconvenience.

This broadcast-quality monitor features low voltage regulation, video
bandwidth flat to 10 megacycles, provisions for plug-in sync drop relay,
and a kinescope with a laminated, bonded safety shield.

For complete specifications write CTA8/TU across your letterhead and
send it to CONRAC, Giendora, California.

DIVISION Gicndora, calif.
[éO”RAc GIANNINI CONTROLS CORPORATION

Circle ltem 7 on Tech Data Card
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Tektronix

waveform monitor

for 13” consoles

The Type 527 is a pracision test instrument designed
for displaying lineanty, signal level, and bandwidth
of television-signal waveforms.

It offers conventional 2 LINE and 2 FIELD displays . . .
dual inputs which can be used differentially .. .3
calibrated time-base rates at 0.125 H/CM, 0.025
H/CM, and 0.005 H/CM, which eliminate the need for
time markers.

And it features sharp display readability over the full
7 cm by 10 cm viewing area.

Call your Tektronix Field Engineer for more information.

Other features include:
Backporch DC Restoration with no colorburst distortion, Sen-
sitivity from 0.25 v, minimum, to 1.6 v, maximum (for 140
IRE Units), Response flat within 19, from 60 cps to 5 Mc,
Internal Calibrator for 1 v and 1.4 v pk-to-pk signals.

Type 527 Waveform Monitor. . . .

Special Model—Type 527 MOD 132C, has al! features of the
standard mode! plus a line selector, wkich permits single-line
analysis, and a video-distribution amplifier, which permits
slaving a picture monitor to the waveform monitor display.

Type 527 MOD 132C Waveform Monitor. . .. ... ... .. $1110

U. S. Sales Prices f.o.b. Beaverton, Oragon

Either model is fully compatible with the Conrac CTAB/TU Monitor.

. P.0.BOX 500 - BEAVFRTON, OREGON $7005 - Phone: (Area Code 503) Mitchell 4-0161 « Telex: 036-691
Te/( tronlx, /nc_ TWX: 503-291-6805 - Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN 25 COUNTRIES

TEKTRONIX FIELD OFFICES in principal ciies in United States. Consult Telephone Directory
Tektronix Australia Pty., Limited, Sydney, New South Wales » Tektronix Canada Ltd., Montreal, Quebec and Toronto, Ontario

Tektronix International A.G., Zug, Swilzerland « Tektronix Limited, Guernsey, Channel Islands « Tektronix U.K. Ltd., London, England
Lircle Item 8 on Tzch Data Card
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OPERATING A
DIRECTIONAL ANTENNA

Fig. 1. Directional antenna system in city
A protects the stations in cities B and C.

Among the violations of FCC
Rules and Regulations are frequent
incidents involving improper opera-
tion of directional antennas. The
operation of a directional antenna,
while not especially difficult, may
present a rather complex problem
for the inexperienced cngineer; if
not well instructed, he may unknow-
ingly allow improper operation of
the system. Perhaps, this has been
due, in large measure, to a lack of
material that deals strictly with op-

*Assistant Director of Engineering,
Rounsaville Radio Stations,
Atlanta, Georgia.

erating a directional antenna. Much
is available on the design, adjust-
ment, and maintenance of direc-
tionals, but there seems to be little
in the way of operating instructions.
An engineer is responsible for
proper operation to both the station
licensee and the FCC, so he has
an obligation to learn the appropri-
ate rules and procedures for the
system he is working with.

Unfortunately, the wide variety
of designs does not allow a single
set of operating instructions to
cover all the details of every system.
However, there are certain basic
rules and procedures that do apply
in most cascs. These fundamentals
will be an important aid to the new
engincer. Also, a review may be
helpful to the more expericnced.
This article outlines and explains
the more important of thesc basic
principles.

The Directional Antenna

The directional antenna is a spe-
cial radiating system that must con-
trol both the direction and inten-

by Elton B. Chick* — Part Two.

How to tune an antenna system for
proper directional characteristics.

~ —HIGH
NORMAL ) POWER
Low

T

)

NULLS ——]
COINCIDE
0
i
\\ /
: g
TOWER NO. 2 NO. 1 TOWER NO. 2
@ =9 @ - 110°
(A) )
4 !
70° 70" e e
. (T) oA 130° 13%0°
NULL = e
NULL
y NULL NULL
B gtt™
TOWER NO. 2 TOWER NO. 2 TOWER NO. 2
@ - 149° @ =180 @ - 238°
(€ (D) (E)

Fig. 3. Pattern variations resulting from changes in phase of tower number 2.

10

Fig. 2. Pattern size changes primarily as a
result of the transmitter power changes.

sity of its radiations. Such control
is desirable or necessary for several
reasons. For example, limiting ra-
diation in the direction of other
stations on the same or an adjacent
frequency helps eliminate interfer-
ence. Also, directional control may
avoid wasting signal in unpopulated
areas.

Fig. 1 illustrates how the direc-
tional antenna is used. Here a
directional pattern provides service
to a city A while protecting adja-
cent-channel stations in cities B
and C. From this sketch it can be
seen that both the shape and size
of a directional pattern are impor-
tant. The work of operating a sys-
tem lies in controlling these two
factors: pattern shape and pattern
size.

The size of a directional antenna
pattern is controlled primarily by
the power fed to the system. Fig. 2
shows the effects of power changes.
FCC Rules set definite limits on
power, thus regulating the pattern
size.

Another important factor in di-
rectional antenna operation is shape
control. With constant ratios be-
tween transmitter power and tower
current, the phase relationships
between towers will determine the
pattern shape by cancellation in
certain directions (nulls or minima).
Fig. 3 illustrates this effect where
the parameters are all constant ex-
cept the phase of tower No. 2. The
phase changes of this tower, and
the effect on the pattern, are shown
in the sketches.

BROADCAST ENGINEERING



Fig. 4. Diagram of null or minima depth,
as affected by changes in current ratios.

An additional factor which will
concern the directional antenna op-
erator is the ratio of currents in the
various towers of a system. Gener-
ally, the current ratio will determine
pattern shape by affecting the
depth of the nulls. Fig. 4 shows how
this can occur. As the current ratio
approaches unity (1) the null be-
comes deeper; that is, it is drawn
in to the station as cancellation be-
comes more complete. To either
side of unity, the null is filled.

The Common Point

The common point may be con-
sidered as the power source for a
directional antenna, since it is com-
mon to all the towers and is the
point at which total power to the
system is measured—see Fig. 5.
The common point is usually in the
phasor cabinet, taking the circuit
form shown in Fig. 6. Here a T-net-
work is used to match transmitter
output impedance to the phasing
and branching equipment. Such an
arrangement prevents reactance
from being reflected back to the
transmitter tank circuit and pre-
sents a resistive load. The use of
the “T-net” also allows the com-
mon point resistance to be con-
trolled at a value which will result
in convenient ammeter readings.

The common point resistance is
adjusted and measured as a part of
the initial directional antenna tune-
up. The impedance is measured at
several frequencies above and below
the operating frequency and the
data is plotted on a graph (Fig. 7),
to provide a more accurate valuc.
It can be seen that the T-net has
been adjusted for zero reactance at
the operating frequency, while the
resistance is determined according
to FCC Rule § 3.54(c).

The operator of a directional an-
tenna is required to maintain the
station’s total power, at the com-
men point, as near the licensed
value as is practical. This does not
mean the power must be kept at an
exact value at all times, but FCC
Rule § 3.57(a) states that it must
in no case be allowed to exceed
limits of 10% below or 5% above
the licensed value. This is con-
trolled by adjusting transmitter
power output.

The common point current re-
quired for a given power is calcu-
lated as follows:

A
Icr:' R
where,

Icp is common point current in amps,

W is licensed power in watts,

R is licensed common point

resistance in ohms.

For example, a station licensed
for a power of 5,000 watts and a
common point resistance of 50
ohms would require a total RF cur-
rent of:

. /8,000 _
lcu' —'-5—0— = |0 amps

POWER

DIVISION
& PHASOR
NETWORKS

Fig. 6. Circuit diagram of phasor unit.

To determine the minimum and
maximum common point currents
which correspond to the minus
10% or plus 5% power limits, the
same cquation is used. In the above
example:

5,000 X 1,05 = 5,250 (maximum power)

. /5,250 _
Icp (max.) = _,W =10.24 amps

5,000 X 0.95 = 4,500 (minimum power)

.y /4,500 _
Icp (min.) = T 9.49 amps

Once these values are calculated,
they can be listed on a chart and
kept at the place where the com-
mon point meter is read. To sum-
marize the above example:

Common Point Currents

Minimum : e 9,49 amps
Normal ... 10.00 amps
Maximum .. 10.24 amps
If, during operation, currents

reach limits beyond those listed
above, true power can be calculated
from the formula:

W — Icp?

The operator of a directional an-
tenna should understand that li-
censed power may be somewhat
lower than the actual power fed into
the common point. If he were ac-

® Please turn to page 35

SWHO NI JONVLOV3IY

Fig. 5. Common point for power checking.

Jonuary, 1964

Fig. 7. Graph of several common point values above and below the station frequency.



ANTENNA MATCHING
NETWORK DESIGN

The RF network used to match
a transmission line or transmitter
to the tower is not a complicated
device, yet there is always the need
for a simpler design method. Quite
often the procedurc used is as fol-
tows: The tower impedance is meas-
urcd with an RF bridge (required
by the FCC), to determine the li-
censed value of operating current.
Then, with the RF bridge shifted
to its input terminals, the basic net-
work is connected to the antenna.
The manufacturer of the tuning unit
usually provides a sufficient number
of coils and capacitors for almost
any tower impedance (although oc-
casionally a circuit modification is
nceessary). Next, connections and
coil clips arc juggled until the
“magic number” of 50 =+ JO (in this
example) comes up on the bridge
dials. Everybody is happy with
the results and the job has been
completed.

Yct, by such a procedure several

#“Professional Radio & TV Consulting
Engineer, Wenatchee, Wash.

important eclectrical characteristics
of the network are overlooked. Volt-
age and current ratings of capacitors
and coils can casily be exceeded,
even though these components arc
normally considered adequate for
the power used. You cannot assumc
the RF network parts are of suffi-
cient rating to handle the load—
thc tuning solution such as that
above may produce higher voltages
or currents than arc nceded to do
thc matching job.

Still another electrical character-
istic overlooked by the above pro-
cedure is bandwidth. Usually the
three reactive clements do not pro-
duce poor bandpass over 20 kc; but
some antennas can be quite sharp
and require compensation for best
results. The network may have in-
corporated within it intermodula-
tion, reradiation rejection, or har-
monic filters. The common input
point of a dircctional antenna sys-
tem can be particularly faulty with
regard to bandwidth. This defect is
detrimental to the station’s ability
to radiate full modulation power

a ) 100-—Z LOW SIDE |Z HIGH SIDF
) 1 002 003 YCIRCLE SCALE 005
) '
(N P -
| T
+B -X
v |
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|
‘ I 3X
% 3Y

600 700 800 00 1000
006 007 008 009 01
- i 100
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Fig. 1. Impedance and admittance graph for matching the 340° tower to 50 ohms.
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by George M. Frese* — Require-
ments for antenna matching networks,
and methods for their design,

and it cannot be compensated for
by an automatic level device, trans-
mitter adjustment, or any other con-
trol of modulation characteristics.

This article is intended to give
a basic proccdure for design of RF
antenna-tuning networks. This fun-
damental concept can be expanded
to include: voltage and current rat-
ing through the reactive elements,
solutions for lowest voltages and
currents, bandwidth, and phase de-
lay through the nctwork. To start
with, however, we shall be con-
cerned with the values of capaci-
tance and inductance nceded in the
mesh.

Procedure for Design

Step 1. A good way to begin the
design is to make up a table of Y
and Z versus capacity and induct-
ance (mfd and ph) for the frequency
involved. Table 1 is our example.
This is not really an essential part
of the design procedure, but will
prove helpful in determining com-
ponent value from the graphs.

Step 2. The tower base impedance
must be known at the outset. Mcas-
ured values are desirable, but if
unavailable, values derived from
the tower height-versus-impedance
curves can be substituted. For ex-
amples in this design we will use
measured impedances of two towers,
both operated on 1230 kc. Table 2
contains the required data.

Step 3. Draw an impedance ad-
mittance graph as shown in Fig. 1
and 2, as follows:

1. Mark the graph paper with ap-
propriate scales. With a large
impedance transformation, you
may have to use two impedance
scales.

2. Draw the admittance circles;
these represent a constant resist-
ance. The 790-ohm circle has for
its diameter an admittance of
.00127. The 50-ohm circle has

BROADCAST ENGINEERING



Table 1. Y, Z, Mfd, ph for 1230 ke.

Z Y MF Uh
10 .10 .013 1.3
12.6 .0794 .010 1.6
15.7 .063 .0082 2.0
20.0 .050 .0065 2.6
25.2 .0398 .0052 3.3
31.6 0316 .0041i 4.1
39.8 .0252 .0033 5.2
50.0 .020 .0026 6.5
63.0 .0157 .0020 8.2
79.4 .0126 .0016 10
100 .010 .0013 13.0
126 .00794 .0010 16
157 .0063 .0082 20
200 .0050 .00065 26
251 .00398 .00052 33
316 .00316 .00041 41
398 .00252 .00033 52
500 .0020 .00025 65
630 .00157 .0002 82
794 .00126 .00016 100
1000 .0010 .00013 130

for its diamcter an admittance of
.02, The 50-ohm circle need not
extend to the right beyond the
.00127 diameter, since therc arc
no solutions beyond an admit-
tance of .00127 ohms.

3. Place point 1X at 790 — J 289
ohms (tower impedance).

4. Draw a line from point 1X to the
0 reference. Where the  line
crosses the 790-ohm circle mark
point 1Y. This is the admittance
of the tower, as read on the ad-
mittance scales.

5. As the X value of clement A is
varied (Fig. 1), impedance prog-
resses from point 1X to 2X.
while admittance goes from point
1Y to 2Y. Notice, a wide range
of values for Xa can be used, but
the valuc chosen here provides
the best all around solution—for
reasons given later.

6. Now transform the resistive com-
ponent by adding susceptance ele-
ment B and establishing point 3.
This is a vertical capacitance line
starting at point 2Y on the 790-
ohm circle and ending at point
3Y on the 50-ohm circle. Point
3Y is the admittance looking into
point 3. To obtain impedance,
draw a line from point 3Y to
reference 0. The impedance valuc
occurs where this line intersects

Table 2. Measured Tower Impedance.

KREW — 340 ft.
KC R X 1/R
1220 830 —244 .00120
1230 790 289 00127
1240 750 —343 .00133

KOZI — 150 it
KC R X 1/R
1220 21.0 —49.2 .0476
1230 21.5 —455 .0465
1240 22.0 —42.0 .0455
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the 50-ohm resistance line, at
point 3R in Figs. 1 and 2.

7. To obtain our final answer of
50 = JO at point 4, we neced to
add element Xc. This is a line
from point 3X to zero reactance
point 4X. (We do not require
point 4Y; it is off the right hand
side of the graph at Y = .02))

Step 4. Determine the values of cle-

ments (a), (b), (¢), in Fig. 3.

1. Element (a) mecasures 175
ohms (between points 1X and
2X). From Table 1, this is ap-
proximately 23 uh.

2. Element (b) mcasures -+ .00465
ohms (between 2Y and 3Y), ap-
proximately .006 mfd.

3. Element (¢) measurcs 192
ohms (bctween 3X to 4X), ap-
proximately 25 ph.

Another Design
A sccond example is given for

the Chelan KOXI tower but with-

out the step-by-step description. All
that is nceded for this solution is

Table 1, Table 2, Fig. 2, and Fig. 3.

The solution to Fig. 2 is as follows:

1. Element (a) is 4 6 ohms, approx.
8 ,uh.

2. Element (b) is—.009 mhos, ap-
prox. 14.5 uh.

3. Element (¢) is +51 ohms, ap-
prox. 6.5 uh. (Note—in this
solution all clements arc induct-
ances.)

From the graphs, many solutions
for fransforming the tower imped-
ance to 50 ohms are cvident—even
for this simple T nctwork. As stated
earlicr, there are also other clectri-
cal characteristics of the nctwork to
be considered. Some of these are:
voltage-and-current-leg values, solu-
tions too close to the edge of possi-
ble transformations which should
not be usecd, bandwidth correction
(may be desirable), or a specific
phase angle which may be required
as in the case of a DA system.

Voltage and Current in
Each Element

With the graphs, it becomes a
simple matter to determine values
for voltage and current in each ele-
ment. Below is a sample calculation
for the KREW network operating
at 1.0 kw.

/W _ /1000 _
!m‘ R —‘50—- 4. 47 amps
En=IR=4.47 X 60 = 223.5 volts

Ec =1Xe =447 X 192 /+90° volts
= 858 /+90° voits

Fig. 2. Impedance and admittance graph
for matching 150" tower to 50-ohm line.
Ep =223.5 /0° — 858 /90°
= 887 /-75.4° volts

Ip = EB = 887 X .00465 = 4.12 amps

. /W', /1000 _ / _
]c = R - 750 - 1.26 1.125 amps

= 1X = 1125 X 175 = 196.8 volts

The above are unmodulated carrier
values. For instantaneous peak
values, multiply each by 2 X 1.414
= 2.828.

Notice it is desirable in design to
keep the reactive lines short so that
small low-voltage coils may be used.
The admittance line should also be
short in order to maintain element
(b) current low. It is usually desir-
able to find a design using the 15°
to 45° portion of the high-resist-
ance circle. Solutions between 0°
and 15° are poor because of tuning
clement limitations.

The phase angle of the network
must also be considered. It is the
angle of current in point 1 com-
pared to the angle of current in
point 4. It is solved on the graph

® Please turn to page 32
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Fig. 3. Basic antenna matching network.
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UHF TV
TRANSMITTING ANTENNAS

Currently available UHF TV
transmitting antennas, which pro-
vide the broadcaster with a means
for radiating high power into his
service areas, are discussed here.
These radiators arc for use in the
FCC 470- to 890-mc bands.

UHF Radiator Characteristics

In order to more fully understand
the operation of UHF TV antennas,
several basic factors should be ex-
plained. These include polarization,
power gain, horizontal and vertical
radiation patterns, as well as power
handling capacity. The input volt-
age standing wave ratio (VSWR)
and pattern responsc over a Narrow
band are also important.

Polarization

Radiation from a UHF TV an-
tenna consists of two components,
the magnetic field and the electric
field. When the electric ficld lies
entirely in one plane, containing the
direction of propagation, the result-
ing clectromagnetic wave is said to
be linearly polarized. When that
electric field is parallel to the earth’s
surface, the radiation is said to be
horizontally polarized. If the ficld is
perpendicular to the surface, the
radiation is vertically polarized.

There are several other modes of
polarization, resulting from com-
binations of vertical and horizontal,
which change with phase and fre-
quency. These include elliptical and
circular polarization, and left hand/
right hand lincar polarization.

In UHF television, the FCC rules
currently require horizontal polari-
zation of all radiated power emanat-
ing from installations 1 kw or higher
in power. When transmitter power
is below 1 kw, any type of polariza-
tion may be used. In Europe and
some other arcas of the world,
CCIR technical specifications per-

*General Manager, Jampro Antenna Co.
Sacramento, Calif.
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mit vertical polarization in Band IV
stations (UHF). There appears to
be very little technical difference
between vertical and horizontal
polarization in the UHF range, when
line-of-sight transmitter-to-receiver
conditions exist.

Gain

Gain and directivity are interre-
lated. Directional characteristics of
an antenna are expressed in terms
of a gain function (db or power-
gain ratio). TV antenna gains are
expressed as the ratio between max-
imum radiation intensity produced
by the radiator in question and that
produced by a refercnce dipole in
the same direction, with the same
power input.

The quantity closely associated
with gain is directivity. This is de-
fined as a ratio of maximum radia-
tion intensity to average radiation
intensity. In the case of a theoreti-
cally perfect antenna (one without
losses), gain and directivity would
be the same. It would radiate the

Fig. 1. The slotted-ring UHF TV antenna.

by Peter Onnigan* — General
introduction to UHF radiators

and brief descriptions of some currently
available systems.

same signal strength in all direc-
tions. In practice, however, this does
not occur; all antennas radiate in
some directions better than others.
The basic radiator in most UHF
TV antennas is an omnidirectional
element. By stacking these antennas
vertically, the gain in certain direc-
tions can be increased, but at the
cost of power in other directions.
Next in order is the matter of
effective antenna area, or as it is
commonly referred to in the trade,
aperture, The properties of receiv-
ing antennas are similar to those of
transmitting antennas—the larger
the antenna arca, the more signal it
will capture. As a consequence of
the reciprocity theorem, the larger
the transmitting antenna the more
it will radiate in certain directions.
When antennas are vertically
stacked, the horizontal pattern re-
mains the same while the vertical
pattern becomes narrower. When
the vertical pattern approaches 1°,
problems of support-tower stability,
antenna loss, and coverage tend to
outweigh the advantages of addi-
tional gain. The vertical half-power
beamwidth of a UHF omnidirec-
tional TV antenna may be found
by dividing 61 by the gain ratio.

Nulls

In UHF TV, high effective radi-
ated powers are employed to over-
come free-space, receiving-antenna,
receiver-front-end, and propagation
losses that are the nature of UHF.
The most economical way to achieve
high UHF erp is through the use of
a high gain antenna. As pointed out
above, the high gain presents prob-
lems in the vertical radiation pat-
tern, which can be overcome in
several ways. These include null
fill-in, where some of the peak
power is put into the first null direc-
tion, to overcome close-in coverage
problems. Another method is to
provide nonequal power distribution

BROADCAST ENGINEERING



to the antenna aperture. While this
practice reduces the overall gain of
the antenna, it provides a much
smoother power distribution below
the horizon.

Contoured Patterns

Another scheme is to custom
tailor the radiation to solve specific
coverage problems. In one recent
UHF TV installation (KERO-TV
channel 23, Bakersfield, California),
General Electric Co. designed an
antenna to provide a power gain of
75 when fed with a 25-kw transmit-
ter. This antenna has 1.5° of elec-
trical beam tilt and another 1.5° of
mechanical beam tilt. It has a hori-
zontal half-power beamwidth of
120°. Using ten “zig-zag” panels
mounted around a rectangular sup-
porting tower, this GE antenna
radiates an effective power of 1.76
million watts in the maximum lobe
direction!

Voltage Standing Wave Ratio

The VSWR, a figure of relative
merit for performance of antenna
systems, has not been specified by
the FCC or the ETA. However it is
gencrally accepted that TV antennas
should have a VSWR of 1.1 to 1,
or better, throughout the 6-mc op-
erating bandwidth; this same value
applies to the transmission line that
feeds the antenna. In practice,
slightly higher values can be toler-
ated for very short transmission
lines, while ratios better than 1.1 to
1 are advisable for transmission
lines longer than 100’

There is also the possibility of
vector addition of the VSWR
values; a particular portion of the
linc—and the antenna—may exhibit
1.1:1, but the overall system at a
given frequency may be much
higher. Thus, the system should be
1.08:1 or better at visual carrier,
=+1.25 mc, and 1.1:1 over the re-
mainder of the channel.

To be meaningful, this system
performance indicator must relate
to the quality of the picture that is
transmitted. The antenna system
must faithfully reproduce the series
of pulses which make up the TV
picture. There are several methods
for measuring the VSWR of the an-
tenna and transmission line. These
include the UHF admittance method
(Smith chart conversion), Z imped-
ance meter (phase and magnitude),
and the directional coupler. A re-
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cent variation of the latter employs
a pulse generator to energize the
antenna system through a coupler,
and a scope to obscrve the returned
energy. This method is very inform-
ative in locating the distances where
the discontinuities occur, but does
not provide a highly accurate nu-
merical value of the VSWR. Accu-
racy can be obtained by the use of
a directional coupler (high direc-
tivity), a signal generator with low
harmonic output, and a VSWR
readout meter.

The VSWR at the aural frequency
is not overly important, since FM
carrier bandwidth is very narrow—
1.1:1 is more than adequate.

The VSWR is a relationship of
the actual impedance to the 50-ohm
transmitting system (in some cases,
75 ohms). This also turns out to be
the ratio between the highest voltage
and the lowest voltage, measured
over several wavclengths.

Power Handling Capacity

The power rating of a UHF TV
antenna is determined somewhat by
its design, and more so by the size
and type of material used in its con-
struction. In addition, there is a
further limit of safe operation. This
is based on VSWR, during normal
operation and under subnormal con-
ditions such as icing. If the VSWR
of the antenna riscs, its safe power-
handling capacity goes down.

The most common limiting factor
for power capacity is the effects of
heating. RF loss (resistive) in an-
tenna material, which shows up as
heat damage and burning, results in
reduced radiated power.

Nearly all UHF antennas cur-
rently available have a single input
line. Thus the power being fed to
them must be diplexed aural and
visual power. To determine power
capability, aural power is added to
0.6 peak visual power. Thus a
12.5-kw peak visual transmitter
would produce nearly 6.25 kw of
aural power and 0.6 X 12.5 kw —
7.50, or a total heating power of
13.75 kw. The antenna power rating
must therefore be better than 13.75
kw to safely handle the power.

Available Antennas

SloHted Ring

The patented slotted ring antenna,
produced by Alford Mfg. (Fig. 1),
is a development of the balanced

Fig. 2. Multiguide UHF slot antenna
(left), and a UHF dipole antenna panel.

transmission line principlec shunted
by a series of small diameter rings.
The coaxial feed line runs to the
lowest ring, and through the center
of the assembly to the uppermost,
where the inner conductor is short
circuited. In operation, these two
shorts present an extremely high
VSWR on the coax. This high
standing wave excites the rings,
which in turn radiate. Due to the
distance (0.4 wavelengths) between
feed point and shorted ends, the
current distribution is fairly uni-
form; the result is excellent aper-
ture illumination. One bay of this
slotted ring antenna is 1.5 wave-
lengths long and has a power ratio
of approximately 4.

In multiple bay arrangements, the

3

Fig. 3. A "Zig-Zag™ transmitting antenna.
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scveral points arc fed through a
power splitting device. This permits
uniform aperture illumination with
control of the vertical pattern.
The Alford UHF antenna is pro-
tected by a plastic radome and is
thus immune to detuning cffects of
ice, snow, and moisture. The basic
design permits control of the hori-
zontal pattern for both omnidirec-
tional and directional applications.

UHF Dipole and Multiguide Slot

An TItalian firm, Complementi
Electronici S.P.A. (Co. El) of
Milan, Italy, offers two types of
UHF antennas. One, a dipole, con-
sists of numerous individual dipole
pancls (Fig. 2), power dividers, and
aluminum coax branch feeders. The
quantity and arrangement of these
components is dependent on the de-
sired power gain, horizontal pattern,
and vertical pattern. Each UHF di-
pole panel comprises four fullwave
broadband dipoles mounted on a
solid reflecting screen.! Two of the
dipoles arc fed in phase with a
73-ohm balanced line. Groups of
these lines are fed through baluns
to obtain the correct phase and im-
pedance. The complete panel is
fitted into a polyester radome for
weather protection. Since cach di-
pole is a full wavelength, it is sup-
ported in the center with a grounded
arm. This type of construction pro-
vides excellent lightning protection.

The Co. El dipole antenna sys-
tem permits high gain with high
input power, and is capable of ex-
cellent dircctional and circular pat-
terns. The panel construction also
permits complete control of the ver-
tical pattern, which can be different
in two or more azimuth directions.
The antenna is capable of extremely
wide bandwidth duc to the arrange-
ment of phasc delays at common
power dividers.

Co. El. has recently introduced
another type of UHF antenna, using
several waveguides side by side.
The slotted radiators are arranged
in a cylindrical arrangement to ob-
tain circular radiation pattern. The
entirc assembly is cnclosed in a
round fiberglass cylinder for weather
protection. The “Multiguide” UHF
Slot Antenna (Fig. 2) is designed
for channels 14 to 83. The maxi-
mum power handling capability is
100 kw, with gains from 11 to 52
available. The VSWR is held to
1.07 (in some cases better).
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Fig. 4. Slotted cylinder UHF TV antenna.

Helical

An antenna devcloped to take
advantage of a minimum number of
feed points and a simple supporting
structure is the General Electric
helical antenna. This antenna con-
sists of a steel pipe around which
are wound the helices. The tubular
steel mast not only supports the
radiating clements, but provides a
ground plane. Two traveling waves
are generated at the feed point and
trave!l in opposite directions at the
same speed; one goes upward on
the helix and the other downward.
The pitch and diameter of the steel
tube and helix are chosen to pro-
vide in-phase currcnts in any given
azimuth direction—at every turn.
An integral number of wavclengths
is chosen for each turn, so that a
minimum number of tube diameters
may be utilized for the entire UHF
band. Each bay of this antenna con-
sists of approximately 6 turns above
and below the feed point, with the
turns of the two helices wound in
opposite directions. This opposition
tends to cancel most of the vertically
polarized radiation components, rc-
sulting in horizontal polarization
only. The opposite ¢nds of the helix
arc grounded for dcicing currents
and lightning protection. Most of
the radiation takes place in the first
few turns ncar the ends which are
closely spaced to achieve uniform
illumination of the antenna aper-
ture. The average power gain ratio
is about 5, while the feced point
impedance is about 100 ohms.

The individual bays are fed
through a coupling probe arrange-
ment by the main feed coax, which
runs inside the supporting tubular
mast. Impedance matching and ver-
tical pattern contouring is also ac-
complished at the impedance match-
ing mechanism. With this type of
antenna, extremely wide bandwidths

are obtainable for 1.1:1 VSWR, as
well as high power capability.

Helical arrays are usually scries
fed at the bottom. However, in the
ten-bay antenna, GE feeds the sys-
tem at the middle, with the upper
five bays and the lower five bays
each receiving one-half the total
power split at this center point. The
ten-bay GE antenna has a typical
height of about 96" on channel 32,
for a power gain of 50. Rated at
60 kw input power, this antenna is
capable of 3 megawatts erp.

The helical antenna design per-
mits vertical pattern contouring for
specific coverage problems, as well
as horizontal shaping.? One ex-
tremely important advantage of the
latter is a provision for changing
the horizontal pattern easily after
installation.

"Zig-Zag" Antenna

GE rccently introduced the “zig-
zag” UHF antenna (Fig. 3), con-
sisting of rectangular sections, each
with two radiators spaced a fraction
of a wavelength from the panel. This
antenna employs the traveling-wave
principle to cxcite the entire panel
from a single feed point in the cen-
ter. The Zig-Zag conductors serve
not only as the RF radiating ele-
ments, but also as heating and de-
icing units. The complete array is
normally made up of several panels,
which can be arranged to provide
an almost unlimited variety of pat-
terns—with ¢specially high degrees
of horizontal dircctivity. These
range from wide vertical patterns
to narrowly tilted and heavily con-
toured beams. Extremely high gains
—up to 75-—are available, with
practical directional patterns; input
power ratings cxtend to 60 kw.

Slotted Cylinder Antenna
The slotted cylinder antenna (Fig.
4), first manufactured for UHF TV
by RCA, is an outgrowth of the old
FM pylon.® The antenna employs a
vertical slot cut into the wall of a
stcel tubular mast, combining the
functions of a radiator and support-
ing structure in one heavy cylinder.
The feed system is a coaxial line
consisting of copper tubing for the
inner conductor and the steel mast
as the outer conductor. The RF is
coupled from the ficld inside the
coaxial line to the radiating slot by
means of an aluminum bar bolted
to the inside edge of the slot. In
® Please turn to page 34
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Now...the new (= STIIAN Sound Recording Tape

s e
e g

Mark well the ccding shown here. You'll find it on the back of all ZASTMAN Sound Recording Tapes.

-

Look! “Lifetime Caded” for Positive Identification!

**Lifetime Coding'’— your assurance of highest quality!
A permanent legend continuously repeated on the back
of EASTMAN Sound Recording Tapes (1) identifies
Eastman Kodak Company as the manufacturer; (2) pro-
vides positive batch-coating identification, thus assures
the most closely matched sound characteristics, tape
after tape, in the industry. The coding also provides a
convenient means of cataloging tapes.

No stretch—thanks to the new DUROL Base! A spe-
cially prepared form of cellulose triacetate, this support
material is distinguished for its high strength, low elonga-
tion. When equipment accidents happen, the new
Eastman tapes break clean with practically no stretch.
As a result, splices are made quickly, easily, with mini-
mum program loss.

For information, see your electronic supplier or write
Magnetic Products Sales

EASTMAN KODAK COMPANY
Rochester, N.Y. 14650

New ‘““R-type’’ binder provides a smoather, tougher
surface to suppress tape naise and distoron. In addi-
tion, it is extremely abrasion-resistant, thus raducing
oxide build-up. Even more important are the superb
magnetic characteristics of ““R-type"’ binder dispersions
which make possible two great recording tapes—both
available now . . .

At leading electronic supply houses: Type A303, a
vastly superior low-print tape with output comparable
to a fine general-purpose tape . . . also Type A304, a
high-output tape with remarkably low print-through.

©Eastman Kocak Company, MCMLX)

“\ o — /
s m.\.,,.,..,w’“‘

Unigue ultra-handy Thread-Easy Reel with
indexirg scale and built-in splicing jig.

Circle 1tem 9 on Tech Data Card
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HELIPORTABLE BROADCAST SYSTEM

Cover photo courtesy Gates Radio Co., subsidiary of Harris-Intertype Corp.

About the Cover

This month’s cover shows Signal
Corps personnel descending from a
30-kw log periodic transmitting an-
tenna, under the setting Arizona sun.
The radiator is part of a complete
helicopter transportable broadcast sys-
tem tested last year by the Strategic
Communications Command.

The U.S. Army’s test site in the
desert near Yuma, Arizona, was the
focal point of a 5,000-mile radio
experiment. One of the most com-
plete mobile broadcasting systems
cver conceived underwent a thor-
ough two-month field test, con-
ducted by personnel of the Strategic
Communications Command, a field
agency of the Office of the Chief
Signal Officer, Department of the
Army. From this program may re-
sult a louder, faster-responding,
“voice” for psychological warfare
units during possible future crises.

Two powerful 50,000 watt trans-
mitting stations, portable down to
the antenna towers, were airlifted
into the mesquite flats by helicop-
ter (Fig. 1). For eight hours every
day, they picked up programs origi-
nating in the mobile system’s com-
plete broadcasting studios set up
1,000 miles away at Fort Lewis,
Washington. The programs were
immediately rebroadcast to standard
houschold recciving sets in the Pan-
ama Canal Zone.

Designated AN/TRQ-20, the
portable radio center was designed

4

Fig. 1. Helicopter carries radio shelter.
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and manufactured by the Gates
Radio Co., subsidiary of Harris-
Intertype Corp. To make the test
more realistic, the facility was di-
vided into two sections, as it would
be under crisis conditions. The main
studio-control complex at Fort
Lewis represented a rear area, while
the larger transmitting system in
Arizona simulated a forward-based
installation located close to enemy
tcrritory. The sites were connected
by a two-way communications link,
using single-sideband techniques.
Under actual tactical conditions,
messages could be aimed at either
the civilians of a foreign country, or
at members of an encmy’s armed
forces. Since it is designed for ease
of operation and maintenance in the
field, the system can be set down
anywhere in the world and be on
the air in a matter of hours.

General Description

While the cntire system does a
multipurpose but integrated job, it
is basically broken up into several
scctions. These sections consist of
complete broadcasting and commu-
nications facilities for: A 50 kw
mediumwave broadcasting station;
a 50 kw shortwave broadcasting sta-
tion; a combined radio receiving
station for program relay; complete
studio facilitics for broadcasting, re-
cording, and production; 2.5 kw
single-sideband HF equipment to
provide STL over distances of 600
to 1200 miles.

Diesel-powercd generators pro-
vide all power needs in the ficld.
Studio and control shelters, where
personnel are on duty, have individ-
ual hecating and air-conditioning
units. The shelters are 12’ long, ¢
wide, and 6’ high, and are limited
to a maximum weight of 4,000

pounds to permit transportation by
Mojave class helicopter.

Studios

The main studio control center
consists of the following: one tele-
type/announce shelter, one control
shelter, one studio shelter, one HF
SSB keying link shelter, six verti-
cal log-periodic transmit/receive an-
tennas, 20 kw generators, fuel tanks,
cable, dollies, and jacks.

The teletype/announce shelter
houses a complete “news room”
and announce studio (Fig. 2). It is
divided into two rooms. In the an-
nounce portion, the setup includes
console, microphones, turntables,
intercom, news teletype, and acces-
sories. In operation, the shelter is
positioned so the announce booth
window faces into the control room
in the control shelter.

The teletype portion of the shel-
ter houses four reperforators and

four teletypewriters on pull-out
shelves. There are also patch panels,
intercom, speaker, and teletype
accessories.

The main studio control shelter
houses a fully equipped control
room. It functions as the nerve
center of studio control complex.
The installation includes: a two-
channel audio console, three audio
tape recorders, two turntables, limi-
ter, monitoring equipment, inter-
com, storage space, and accessories.
In the rearward room are four racks
housing two additional tape record-
ers, three reperforators, three tele-
typewriters, patch panels, intcrcoms,
and auxiliary equipment. In opera-
tion, this shelter is positioned so the
large double-paned windows over-
look the studio on one side, and the
announce booth on the other.

The studio shelter (Fig. 3) is just
what the name implies—a roomy,
sound-proofed broadcast studio. It
is equipped with microphones, patch
panel, intercom, monitor speaker,
tables, chairs, clocks, and on-air
lights.

Fig. 2. Forward portion of TT shelter.
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NEW IDEA FROM EIMAC:
vapor-phase cooled UHF-TV klystron
with 50% less cooling apparatus

The tube at left is the country’s first vapor cooled
power klystron: Eimac’s 4KMV100LA. It produces an
output power of 25 kw peak sync and cuts the cooling
apparatus needed by half. There’s no pump, no rotating
parts. The vapor cooling system operates on its own
steam. That means operating noise is reduced —by the
tens of decibels. And maintenance cost is cut by as
much as one-fifth. This new Eimac vapor phased cooled
UHF-TV series offers all this—plus excellent linearity
characteristics, high gain and an ample 1 db bandwidth,
For details about this new series of vapor-cooled kly-
strons and our new application Bulletin Number 11,
“The Care and Feeding of Vapor-Phase Cooling,” wire
collect today: High Power Microwave Marketlng, Eltel-
McCullough, Inc., San Carlos, Calif. Sub- e
sidiaries: Nat'l Electronics, Geneva, Ill.;
Eitel-McCullough, S. A., Geneva, Switz.

EIMAC 4KMV100LA CHARACTERISTICS
Eimac Vapor Phase Cooled UHF-TV Power Klystrons

Power Beam Beam Eimac Vapor-Phase Cooling
Frequency  Output Voltage Current Circuit Assembly

4KMV100LA 470-610Mc 25kwWw 16kv 3.8A H-183
4KMV100LF 590-720Mc  25kW 16kv 3.8A H-184
4KMVIOOLH 720-890Mc 25kW  16kv  3.8A H-185
4KMV100LA
BANDWIDTH DATA
. T T T 1
5 0 14 Watts Driving Power
g -2 / N
3 p’ N
Q /
g —4
=]
3 -6
460 462 464 466 468 470 472
Frequency - Mc
262 kW=0

Circle Item 10 on Tech Data Card
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; ﬁ‘“ﬁ AMCI antennas
o TV and FM

Omnidirectional TV and FM

Transmitting Antennas

Directional TV and FM

Transmitting Antennas

Tower-mounted TV and FM

Transmitting Antennas

Standby TV and FM

Transmitting Antennas

Diplexers
Vestigial Sideband Filters
Coaxial Switches

and Transfer Panels

Power Dividers and other Fittings
Write for information and catalog.

k
- ALFORD
Yy, Manufacturing Companny

299 ATLANTIC AVE,, BOSTON, MASSACHUSETTS

Circle Item 11 on Tech Data Card

B STUDIO TERMINAL

CONTINENTAL'S
TYPE TRC-FA3
FAULT ALARM SYSTEM

Used at unattended transmitting
stations, it automatically gives
remote alarm and indication of
a change in status of any one of
the 10 or 15 monitored condi-
tions.

PRODUCTS COMPANY
BOX 5024  DALLAS 22, TEXAS e TELEX CEPCO

777 Subsidiary of Ling-Temco-Vought, Inc.

Circle ltem 12 on Tech Data Card
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SPOTMASTER

EQUALIZED TURNTABLE

PREAMPLIFIER

The Model TT-20A is a compact, low dis-
tortion, transistorized turntable preamp for
VR cartridges, with built-in NAB equaliza-
tion. Design ingenuity reduces residual
noise level to better than 65 db below rated
output. Small current requirements permit
6 volt dry cell battery operation, eliminat-
ing AC hum worries. Response, 30-15,000
cps + 2 db...output —12 dbm, 600 ohm
emitter follower . . . distortion under 1% at
double rated output...size, 2l x 215
x 534”. Priced from $46.50; transformer
output and power supply available. Also
available us a flat amplitier Model BA-20A.
Write or wire for complete details.

BROADCAST ELECTRONICS, INC.

8800 Brookville Road
Silver Spring, Maryland

Circle Item 13 on Tech Data Card

Bl ol
Fig. 3. Psychological warefare announcer
broadcasts from an air-conditioned studio.

The keying-link shelter actually
consists of two identical enclosures.
Each houses one full SSB HF link
facility. The shelters are equipped
with workshop areas, receivers, test
equipment, patch panels, monitors,
and a 2-30 mc 2,500 watt SSB
transmitter with associated equip-
ment. These shelters, and their
power equipment, are situated a
short distance from the other group
of enclosures. Each link in the com-
plex cmploys three vertical log-
periodic transmit/reccive antcnnas.

Radio Monitoring Facility

Consisting of two monitor shel-
ters, tripole antenna ficld, and
power units, the monitoring facility
provides recciving and recording
capabilities in the AM range of 0.5
to 30 mc, and in the FM band from
50 to 260 mc. The system can also
receive Helscriber and Teletype
transmissions. Each shelter contains
six tape recorders, seven receivers,
monitor amplifiers, multicouplers,
teletype equipment, Helprinter, and
auxiliary devices.

Short-Wave Facility

One of the forward-located trans-
mission systems is the 50 kw short-
wave broadcast facility. This com-
plex is made up of several shelters
(Fig. 4) comprising: transmitter
control, studio, rectifier, modula-
tor, control, power amplifier, and
dummy antenna. In addition to the
vertical log-periodic link antennas,
the facility employs a 50 kw hori-
zontal log-periodic transmitting an-
tenna (Fig. 5) designed for 3 to
30 mc.

Fig. 4. The 50-kw VHF transmitter shelters.

BROADCAST ENGINEERING



The shelters are assembled in
three groups—transmitter, studio,
and link. The signals from the rear-
ward-located studio control complex
are picked up by the STL and fed
to the studio, where they are further
processed or passed directly to the
transmitter.

Mediumwave Facility

The other high-power broadcast-
ing system is the mediumwave 50
kw facility. It is madc up of shel-
ters similar to those of the short-
wave facility. The mediumwave sys-
tem is quite similar to a standard
broadcast station since it consists of
a studio, STL, transmitter control,
and 50 kw broadcast transmitter for
operation on any single frequency
between .54 and 1620 kc. The an-
tenna in this case is a 150’ crank-
up unipole-type vertical radiator,
mounted on a skid.

Summary

Lessons of World War II and
Korea pointed out a need for radio
communications between United
States military forces and the people
of occupied areas. The mobile
broadcasting facilities used in Korea
operated well, but were restricted
to ground movement in large vans.
Further need for compact facilities
with airlift capability was indicated
in Lebanon, Laos, South Viet Nam,
and other trouble-spots in the world.

The information collected and
techniques developed last year dur-
ing the field experiments with the
heliportable broadcast system an-
swer many questions about strate-
gic communications. Another task
was accomplished—equipment and
techniques were tested that will be
available for use in standard broad-
cast station opcrations. Information
gathered may lead to new methods
In remote operation, maintenance,
and use of auxiliary power in radio
and tclevision broadcast stations. A

Fig. 5. Gl tightens transmission line unit.

January, 1964

Enjoy Dynamic Programming with Spotmaster ... the International
Standard of Excellence in Cartridge Tape Systems

Check

SPOTMASTER

+/ Compact and rack-mount models

v/ Recorder-playback and playback-only models
v/ Monophonic and stereo units

v/ Delayed programming option

v/ Superior quality

500A

Compact Fomolmasdia
Recorder- A S
Playback L g -

500A-R
Rack-Mount
Recorder-
Playback

SPOTMASTER tape cartridge equipment is the
preferred choice on five continents. These
quality-engineered machines permit snap-in
cartridge loading and split-second, one-hand
operation . . . plus all the other time-tested
and field-proven SPOTMASTER features.

Write or phone today for full details about
the wide range of rugged, dependable SPOT-
MASTER equipment . . . their outstanding
features and options . . . modular construc-
tion . . . easy maintenance . . . complete
line of accessories . . . competitive prices
. . . lease/purchase plans. Remember, all
SPOTMASTER models are backed up by an
ironclad, full-year guarantee.

NEW DELAYED

PROGRAMMING OPTION

The optional SPOTMASTER 500 A-DL
(Delayed Programmer) provides a 5-
second to 16-minute delay in the
broadcast of program material. Per-
mits instant censoring and deletion
of objectionable material from in-
terviews and other live originations
while the program is on the air . . .
also meets many other delayed pro-
gramming requirements. With the
DL function switched off, the unit
operates as a standard 500A re-
corder-playback. Available in rack
or compact models.

EEENEEEN BROADCAST ELECTRONICS, INC.
=’= 8800 Brookville Road, Silver Spring, Maryland

_ Telephone: Area Code 301 «JUniper 8-4983

Canada:

Northern Flectric
COMPANY LIMITED
Branches from coast-toﬁ-coast in Canaga |

Sold nationally by:

VIsuaL ELECTRONICS
356 W. 40th St., New York, N. Y.

Circle ltem 14 on Tech Data Card
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A REVIEW OF
THE ITU CONFERENCE

Broadcasting in the Space Age
was greatly advanced by the suc-
cessful five week Space Radio
Communications Conference of the
International Telecommunications
Union (1TU) which took place in
Geneva, Switzerland, ending No-
vember 8. This was the feeling of
delegates from all the 70 participat-
ing nations and numerous interna-
tional organizations that attended
the conclave.

Communication satellites played
a prominent role in the Conference.
Using the American Telephone and
Telegraph Telstar as a relay, Gerald
C. Gross (ITU Director) and U.
Thant (UN Sccretary General)
opened the parley with a two-way
overseas telecast exchange of greet-
ings. Telephone calls were made
regularly to officials in Washington,
D. C., and at the UN in New York
from delegates at the Conference
Hall in Genceva via the NASA
Syncom satellite, which orbits at an
altitude of 22,000 miles above
Brazil.

*Consulting Author, Geneva,
Switzerland.
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Of considerable interest to the
broadcasting service is the emphasis
placed on communications satellite
frequencies. Of the total set aside
for all types of space services, 2,800
mc of spectrum space were assigned
for communication satellites.

Although no frequencies were
specifically allocated for radio or
television transmission dircctly from
satellites, many measures of vital
importance to broadcast engineer-
ing were adopted. For example, the
Conference unanimously called
upon the ITU to accelerate the de-
velopment of “satellite transmis-
sions for direct reception by the
general public of radio and televi-
sion broadcasts . . .”

The Conference recommendation
(initiated by representatives of the
UN and UNESCO) took for granted
that this public use of satellite trans-
missions for direct reception may
be possible in the future. Conse-
quently, they recommended that the
CCIR (International Radio Consul-
tative Committce) expedite its
studies of the technical feasibility
of broadcasting via satellites and
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tuu:uununl:mnus
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Geneva site of the 1963 Conference on Space Communications held by the ITU.
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by Elliot P, Fagerberg* — A
summary of the events and decisions
at the international meeting on Space
Radio Communications.

make carly suggestions regarding
the optimum technical characteris-
tics of the systems to be used, what
bands would be technically suitable,
and whether and under what con-
ditions those bands could be shared
between the broadcasting satellite
and terrestrial scrvices.

(Note — The CCIR considered
this problem further at its joint con-
ference with the CCITT (Interna-
tional Telephone and Telegraph
Consultative Committee) on the
International Telecommunications
Plan which convened at Rome from
November 25 to December 11.)

The Space Communications Con-
ference, itself an implementation of
the United Nations General Assem-
bly Resolutions on the Peaceful
Uses of Outer Space, also unani-
mously adopted a recommendation
urging the development of interna-
tional communication satellite sys-
tems shared equitably by rich and
poor nations alike.

The text of this recommendation,
introduced by the Isrueli delega-
tion, points out that “the unanimous
belief of members of the United
Nations that communication satel-
lites should be organized on a glo-
bal basis with nondiscriminatory
access for all nations . . . (leads to
the recommendation) . . . that the
utilization and exploitation of the
frequency spectrum for space com-
munication be subject to interna-
tional agreements based on princi-
ples of justice and equity permitting
the use and sharing of allocated
frequency bands in the mutual in-
terest of all nations.”

Likewise, unanimously adopted
was a resolution introduced by
Yugoslavia which asked the ITU to
take vigorous action to enable
newly emerging countries of the
world to participate in Space Com-
munications Systems.

Technical Considerations
Also important for radio broad-

BROADCAST ENGINEERING



SOLID STATE
HLM CAMERA

SYSTEM
Performs like

it looks-

IR The first look tells you Tarzian’s smartly-styled FuLLY '

Solid State Film Camera is big on quality. Swing up the GREAT .
quick-opening side panels and you’ll see the quality runs
clear through. Especially designed for television film
and slide pick up, the 1500F /A camera system uses
a 1.5" image pick up tube, is entirely solid state—
including the preamplifier—and is designed to mount on any
standard multiplexer. All circuitry is immediately accessible
on plug-in printed circuit cards. New advances in solid state circuit
design deliver better than 1%, sweep linearity, 1.5, geometric distortion
... and greater than 46 DB S/N.* And, of course, the camera system
takes advantage of the superior qualities of 35 mm optics.

Find out how easy it is to put this finest of film camera ’ ,
systems into your studio—call or write: ‘

*0.4 pamp Beam current—F8 lens stop opening

Broadcast Equipment Division
SARKES TARZIAN, INC. —I—

east hillside drive « bloomington, indiana
Circle ltem 15 on Tech Data Card
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Professional
Performance

...at your fingertips

- with VIKING tape components proven in countless
broadcast installations year after year.

VIKING 95 or 96
TRANSPORTS

10 15" reel capacity. Relay
rack mounting. Remote con-
trol. Automatic sequence
breaking. Hysteresis capstan
motor. Two reel drive motors.
Photo cell controlled. Elective
head configurations. Hyper-
bolic heads on Model 96
only.

;T
__,f-o

80

e @eoe '!m‘

MATCHING RECORD/PLAY AMPLIFIERS

%

mhin

5 \

-
"

2 :#_'..- vj?fw

Stereo  SA90.

Retro-Matic 220 Professional Tape
Recorder. Two directional playback,
quarter track stereo at two speeds.

““Feather - touch’” pushbuttons, re-
mote control, 12 watt amplifier, si-
multaneous record / playback with
20-25,000 cps frequency response.
Independent channel controls, “Lu-
ma-Touch” record buttons and illu-
minated VU meters. Photo electric
run-out sensor, hyperbolic heads,
hysteresis capstan motor plus two
reel drive motors and digital count-
er. Stainless steel face plate. Oper-
ates vertically or horizontally.

VIKING 230
TRANSPORT SERIES
Electric pushbutton controls.
Remote control. Relay rack
mounting. Interchangeable,
unitized head blocks with
various, hyperbolic head con-
figurations.

Your assurance
of Quality in

-
INQG or mINNEAPOLIS, INC. / Tape Components
9600 Aldrich Avenue South, Minneapolis, Minnesota, 55420

Circle 1tem 16 on Tech Data Card

Gunnary Pederson, Chairman of the 1963
Conference, inaugurates a satellite call.

casting are the claborate technical
paramcters prescribed by the con-
fercnce for space services sharing
bands with terrestrial and aeronau-
tical stations. The power limitations
imposed on communication satel-
lite stations in the revised radio
regulations, according to some
radio engineers interviewed by your
Consulting Author who attended
the Conference, may stultify their
operation. These engineers felt that
such restrictive parameters were not
necessary to prevent harmful inter-
ferencc with the fixed and mobile
services that share the same bands.

Because of Doppler shift and
plasma formation, it was considered
necessary to provide frequencies
for many space services in the
already congested spectrum between
1 and 10 gc. Hence, it became
necessary to allocate most of the
frequencies to space service on a
shared basis with existing fixed and
mobile stations. This sharing dic-
tated the establishment of elaborate
technical criteria. Based on ncarly
five years of preliminary prepara-
tion by the International Radio
Consultative Committee (CCIR),
most of these criteria are set forth
in the adopted Radio Regulations.

The criteria included such speci-
fications as choice of sites and fre-
quencies (which must observe rec-
ommendations of CCIR); power
limitations, which range to a maxi-
mum of +65 dbw; minimum angle
of elevation (3°); and power flux
density limits at the earth’s surface.
Other considerations were outlined,
and recommendations made con-
cerning their implementation. The
Radio Regulations now include
tables of interference probability,
site-shielding factors, and transmis-
sion losses.

BROADCAST ENGINEERING



JAMPRO

HORIZONTAL AND VERTICAL
FM ANTENNAS

The JAMPRO dual-polarized* FM antenna system offers
the most practical method of achieving maximum RF
radiation under the 1963 FCC FM regulations. These
new rules permit as much vertically polarized ERP, as
authorized horizontally. Vertically polarized radiation
increases the signal many times, in FM car radios, as
well as in home radios using built in antennas.

The JAMPRO dual polarized antenna is available in
several combinations of vertical to horizontal gain ratios.
For class A stations, the equal number of horizontal to
vertical is most appropriate. For class B and C stations
other combinations may be more desirable.

Power ratings are equal to standard horizontally polar-
ized JAMPRO FM antennas, and vary from 10 to 25
kilowatts. Power gains are available up to 7.0 for the

horizontal and vertical.
*U.S. PATENT PENDING

EXCLUSIVE ADVANTAGES OF THE JAMPRO
DUAL POLARIZED FM ANTENNA SYSTEM

MORE SIGNAL INTO CAR RADIOS

The vertical polarization puts more signal into
vertical car whip antennas. '

MORE SIGNAL INTO HOME FM RECEIVERS

The vertical polarization, due to reflections, puts
more signal into built-in antennas found in nearly
all modern console type FM radios.

EXISTING JAMPRO ANTENNAS
MAY BE CONVERTED

All existing JAMPRO FM antennas can be con-
verted to dual polarized arrays with reduced hori-
zontal gains.

DIRECT ENGINEERING SERVICES
JAMPRO antenna engineers are available to deal
directly with any antenna problem.

MORE LISTENERS IN HILLY TERRAIN
Signal levels in reflection areas are increased with
dual polarization.

LOW PRICE — QUICK DELIVERY

The dual polarization FM antenna provides the
highest performance at the lowest price. Custom-
ized service makes for fast delivery.

IANTENNA COMPANY

6939 POWER INN ROAD
SACRAMENTO 28, CALIFORNIA

Circle Item 17 on Tech ia Card
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Delegates from many countries and world organizations gather.

Frequency Allocations

In revising the 1959 Interna-
tional Radio Regulations, great
pains were taken by the ITU Con-
ference to protect all frequencies of
the broadcasting service. This is in-
dicated by modifications of the ITU
Table of Frequencies which ear-
mark for Broadcasting a number of
bands: 68-73 mc (shared with fixed
and mobile services in the Western
Hemisphere); 73-74.6 mc may con-
tinue to operate on a noninterfer-

"R
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omy Service; 170-174 mc (shared
with fixed mobile in Asia and Aus-
tralasia); 174-216 mc (exclusive in
Africa and Europe, except that
183.1-184.1 mc may be used for
space research); 174-