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When you're in command of ‘a Riker switcher,
you-ve got the video right whére you want it.
Uncer control. You can select or mix your
video sources with new ease and flexibility.

A batton. A dial. A lever. And video things
happen. Like additive/nonadditive mixing.
Special effects by the score. Film control/tape
stars-stop. Automatic doyble re-entry.

And lots more.

High performance in differential phase, gain

and frequency response ensure excellent picture
qual ty. Switching speeds in the nanosecond
range during the vertical interval result in
smooth, invisible transitions.

If ycu're interest2d in building the switching L

and quality control capabilities of your station, ) : . i

write or call Riker—the one company in the TV . &

broadcast industry offering a complete line of T — : - 3 h
all salid-state instrumentation for video " -

analysis, simulation and control.

no other

switcher lets
you do so much

with your video

RI<ER

PRODUCTS FOR VIDED ANALYSIS, SIMULATION & CONTROL

RIKER VIDED INDUSTRIES, INC. 100 Parkway Drive South, Hauppauge, Long Island, N.Y. 11787 (516) 483-5200
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"Encoded COLOR camera chain for $30,000.
But don’t hold your breath for delivery...right?”

Wrong! Cohu delivers in 30 days.

Circle lterm 2 on Tech Data Card
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You heard us right, friend. $30,000
buys our 1000 Series tri-vidicon
camera—complete with solid-state
camera control unit and NTSC video
encoder. Less lens and cabling, of
oourse. And we dodeliverin thirty days.

For your mobile unit, $31,000 buys
t1e same chain with our 6Y-inch
dectronic viewfinder. Camera with
f nder weighs a mere 58 pounds.

Prices are FOB San Diego.
Additional export charge.
Place purchaseordersdirect

with your nearest Cohu

engineering representa-
tive. Or, call Bob Boulio

at 714-277-6700. TWX

910-335-1244, Box
623, San Diego, Cali-
fornia 92112.
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SOPHISTICATED
ROUGHNECKS

FROM TWO TO TWELVE CAMERAS

The only TV broadcast vans built by broadcasters for broadcasters!
Each van is made to order — big, smali, or in-between — to fit the
needs of each station. And each van (as well as the equipment inside}
is built to last long after others are deac and gone.

Only CBS Laboratories now makes a rolling TV studio that can
scrambie around in the roughest places — yet carry the most so-
phisticated equipment imaginable. The interior shown is a portion
of the production area of the van above. Not shown are the audio,
video, and other control areas that can handle virtually any kind of
broadcast needed . . . film, tape, color — you name it. But any van
can be designed from the bottom up to handle what you need.
Write for details. Or phons (203) 327-2000.
PROFESSIONAL
! PRODUCTS
%%# LABORATORIES
il 7~ Stamford, Connecticut. A Division of

Columbia Broadcasting System, Inz.
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CONTROLLED
DIMENSION

with the new

FAIRCHILD
REVERBERTRONS!

The use of controlled rever-
beration has gained wide ac-
ceptance in the professional
recording field because the
use of reverberation in several
microphone channels pro-
duces records that have wide
audience appeal. Simply
stated: reverberated sound
produces hit records. Sec-
ondly, reverberated sound is
apparently louder than the
same non-reverberated signal.

The use of reverb in broad-
casting and sound re-enforce-
ment is becoming equally
more popular for the same
reasons: A more pleasing
commercial sound and pro-
duction of a signal that is ap-
parently louder for the same
signal level.

TWO COMPACT
REVERB SYSTEMS...

Now FAIRCHILD has created two
electro-mechanical reverberation
systems that produce a sound,
termed by recording studio mixers
—the experts who know what they
hear, as “extremely natural sound
possessing the quality of good
acoustical reverb chambers.” The
two models differ more in their
flexibility and cost rather than in
reverberation effect.

MODEL 658A
The 658A is a complete solid
state reverberation system with
electronically controlled reverb
time adjustments up to
5 seconds; mixing control for
adjustment of reverberated

to non-reverberated signal ratios; w.— -
reverb equalization at 2. 3 and
5 KHZ. Size: 24Y2 x 19"

MODEL 658B

Compact, reverberation system

for the ‘big’ sound in a small

space. Contains reverb equalization
in mid and low frequency range:
level control; solid state design.
Size: Only 5% x 3 x 10” deep.

The "sound” of the Model 658A and 6588
REVERBERTRONS will satisfy the most de-
manding audio engineer. Their pricing and
size makes them even more appealing.

Write to FAIRCHILD - the pacemaker in profes-
sional audio products — for complete details

ENGINEERS" EXCHANGE

Monitor
Calibration Problem

We have encountered a problem
with the Hewlett-Packard 335B Fre-
quency-Modulation Monitor. When
the transmitter is on, and the oper-
ator switches from the USE position
to the CALIBRATE position, the mon-
itor frequency-deviation meter goes
negative, and the modulation meter
does not come up to 100%.

Many engineers belicved the cause
of the problem was a bad or
dirty mode-position switch, and con-
sequently they tried correcting it
with a contact cleaner. However, it
has been found that by replacing
the 6AC7 (VI, the local crystal
oscillator tube) the problem may be
solved.

—Sherman Clapman

Remote Tower-Light
Indicator

When it became necessary to in-
stall a device to indicate the opcra-
tion of the tower lights through our
remote-control unit, it occurred to

TO TOWER
LIGHTS
4

us that a small piecce of electric
clothes-drier heating element could
be used to provide a suitable voltage
drop for measurement.

With a 3V2-inch piece of the ele-
ment, shown as R1, the accompany-
ing circuit was developed. T1 is a
door-bell transformer, but a filament
transformer should serve equally
well. The lamp is not vital to the
circuit but can be used inside the
transmitter building as a quick in-
dicator of tower-light operation. C2
serves to reduce RF interference.

The unit is inserted in series with
the tower-light circuit. With all the
lights on (four obstruction lights
and two 600-watt beacons in our
case). the voltage drop across RI1
is about 1.5 volts. Any variation in
the voltage as read on the remote
meter indicates failure of one or
more of the individual bulbs.

The unit, built on a 7”7 X 57 X
2” aluminum chassis, would have
cost about $10 if it had been nec-
essary to purchase the parts. It has
been installed for nearly a year and
has given us no problem.

—Robert Brigham
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Coming in the January issve . . .

FAIRCHILD

RECORDING EQUIPMENT CORPORATION
10-40 45th Ave., Long Island City 1, N.Y.
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m AUTOMATIC SENSING FOR COMP/NON-COMP, SYNCHRONOUS/NON-SYNCHRONOUS
OPERATIONS m INTEGRATED CIRCUITS, WITH INDEPENDENT POWER AND TRIGGER
PULSE SUPPLY FOR EACH BUSS m EIGHT STANDARD MODELS OR CUSTOM DESIGNS
ENGINEERED FOR STUDIO PRODUCTION, OR AUTOMATIC PROGRAMMING m SHORT
TERM DELIVERY m MOST COMPACT SWITCHERS AVAILABLE

WARD ELECTRONIC INDUSTRIES

142 CENTRAL AVE., CLARK, NEW JERSEY 07066 e+ (201) 382-3700
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BBRC/Miratel's TU Monitor

SOLID-STATE-AND PROVEN

This is a TU Series eight-inch b/w utility monitor
from Ball Brothers Research Corporation’s Miratel Division.
Miratel makes the TU with transistors for added
reliability, and reduced heating. No big array of vacuum tubes.
No heating problem. TU monitors have regulated
power supplies, and are available with display tube sizes
from eight through 27 inches. They are NASA proven and
competitively priced. We could go on and on about solid
state quality and performance, but our monitors can say it
better than we can. Contact us for data sheets and
an evaluation of the TU in your operation.

ﬁjﬁ MIRATEL DIVISION « BALL BROTHERS RESEARCH CORPORATION « 3600 RICHARDSON STREET « NEW BRIGHTON » ST. PAUL, MINNESOTA 55112
MIRATEL

Circle ltem 6 on Tech Data Card
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Solid State Color STABlizing AMPlifier

Ultra Stable Circuitry

through complete and accurate
temperature compensation

AUTOMATIC VIDEO LEVEL CONTROL
Maintains video peaks constant to a preset level, with
reference to blanking.
CLAMPING
Sync tip clamps remove hum, tilt and other low frequency
disturbances. Where excessive negative spikes or tran-
sient-noise are present, additional noise immunity is
available with an external pulse regenerator at $300.00
SYNC LEVEL
Sync level is maintained at a constant amplitude despite
large variations in input.
EQUALIZATION
Accurately compensates for losses in up to 1000 feet of
coaxial cable.
REMOTE CONTROLS
Automatic/Manual video gain
Sync Level
White Clip
Chroma Control
By-pass switch
WHITE CLIP
Adjustable sharp white clip remains fixed with respect
to blanking.

Price for the V1-500 still $1,750.00

with A.G.C. model VI-500

CHROMA CONTROL
Chroma response continuously adjustable +4db. from
unity.
For Automatic chroma feature to assure constant burst
level, add $200.00.

WHITE STRETCH
Stretch adjustments provide a high degree of flexibility
to compensate linearity characteristics of transmitters of
all ages.

NON-COMPOSITE COLOR OUTPUT
Mono or Color non composite output board in lieu of
white stretch for additional $100.00.

APPLICATION

At the input to all transmitters (VHF, UHF. 2500 MHz)
and remote inputs to your station. You may use the non
composite output (color or mono) and bring it into your
switcher for mixing with local signals. You may use it at
the input and output of VTR's including helical scan
recorders. At the line output of your switcher, at the
input and output of microwave equipment and for air
pick-ups.

Remote controls $150.00 . . . One out of 3 stations in the country

already enjoys the benefits of this stabilizing amp.

60OD ENGINEERING 1S VITAL
g

November, 1967

Circle Item 7 on Tech Data Card

Write for complete information and specifications.

VITAL INDUSTRIES : s o sraives
GAINESVILLE, FLORIDA—-PHONE 378.1581

9



PROVE
DYNAMIC
PERFORMANCE
WITH

DIFFERENTIAL GAIN MEASUREMENTS

50% APL
Normal Display

509% APL
Expanded Display

Same Test 109 Same Test 109
APL Normal APL Expanded
Display Display

Same Test 90%; -Same Test 90%
APL Normal APL Expanded
Display Display

RHL VIDEO TEST SIGNAL GENERATORS

VAR. APL.

The TSP Series of test equipment represent self-
contained versatile units for use with colour and
monochrome television systems. They utilize all
solid state circuitry for compactness and reliability
and comprise up to ten modules selected in fifteen
different combinations. Information on any parti-
cular module is readily available on request . . . the
one of most immediate interest is . . .

VARIABLE A.P.L. GENERATOR (Model 52508)

This is a single module device for use in the TSP test
system. Used in conjunction with the Staircase
Generator (Model 52507) it provides a means of
changing the average picture level (APL) of the test
signal. By permitting the static simulation of the
dynamic conditions of predominantly high or low
energy content video signals, measurements of dif-
ferential gain and phase for all these various condi-
tions provide a more conclusive proofof performance.

Richmond Hill Laboratories’ equipment is covered by a comprehensive 5 year warranty.

A& FOR COMPLETE DETAILS AND SPECIFICATIONS CONTACT

RICHMOND HILL LABORATORIES LIMITED

l 1610 MIDLAND AVE., SCARBOROUGH, ONT. PHONE : (416) 757-3631 TELEX: RHL TOR 02-29803

10
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LOOK AT IT

Standard Coaxials
have limited range
with many areas of
hidden discontinuities

SUPERIOR
E-X-T-E-N-D-E-D
SPECTRUM

COAXIALS

cover the full

range to 300 MHz
and beyond with

ND DISCONTINUITIES

Circle Item 9 on Tech Data Card
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HIS WAY...

Because Superior E-X-T-E-N-D-E-D Spec-
trum Coaxials cover the full range to 300
MHz and beyond with no discontinuities,
you get more transmission space than with
standard coaxials. And the new 84 MHz
segment (from 216 to 300) now available
to you provides sufficient band width
for up to 14 additional 6 MHz TV chan-
nels.

This means you can provide more service
and gain more revenue.

It's to your advantage to order Superior
E-X-T-E-N-D-E-D Spectrum Aerial and
Direct Burial Coaxials.

“ALUMAGARD'" Aluminum Sheathed

“COPPERGARD" Copper Shielded

with CELL-O-AIR® expanded polyethylene
dielectric or solid natural
polyethylene dielectric.

For detailed information and prices. write

SUPERIOR

SALES and SERVICE DIVISION

SUPERIOR CONTINENTAL CORPORATION
P. 0. Box 2327 Hickory, North Carolina 28601
Telephone 704/328-2171

11




Now, from a single source,
a full range of TV studio
engineering services.

Studio engineers seeking the
best in TV broadcasting tech-
nology rely on Federal Electric
Corporation’s full range of
studio services, backed by the
experience. skill and resources
of ITT, world leader in com-
munications research and
engineering.

Federal Electric offers studio
design. installation,and backup
maintenance,custom-tailored
to improve your studio’s effi-

ciency and flexibility. Result:
your station equipment is
current, competitive and profit-
making.

We design systems, select,
install, tuneup and checkout
equipment, and deliver as-
installed records and technical
manuals. Whether you are
building a station from the
ground up . . . adding remote
pickup . . . converting from
monochrome to color . . . or

merely adding updated or
expanded recording facilities,
you'll find that service from
Federal Electric brings you
top professional people, fully
matured in TV studio
engineering.

ITT's Service Associate,
Federal Electric Corporation,
621 Industrial Avenue,
Paramus, N. J. 07652.

(201) 967-2554

ITT

12
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CONSIDERATIONS FOR
A LAVALIER MICROPHONE

Lavalier microphones designed
for high-quality reproduction must
reproduce the human voice without
modifying the sound and without
introducing troublesome noises due
to motion of the unit against cloth-
ing, etc. In short, the sound repro-
duction of such a microphone must
be indistinguishable from that of a
quality microphone used on a stand.
Because of the frequency-dependent
directional characteristic of the
mouth, which radiates sound pre-
dominantly in a straight line, and
the presence of noise-absorbing ma-
terial (clothing) near the transducer,
many problems must be overcome.
Futhermore, the lavalier micro-
phone must operate in the sound
field found in the region of the
chest, which is an excellent radia-
tor. Thus, the lavalier environment
is quite different from that of a
microphone placed on a stand in
front of a speaker or performer.

Optimum Transducer
Frequency Response

In order to arrive at a realistic

__m<—
e
Wy Wiy  wiv Wiy

W

RECORDING HEADS  PLAYBACK HEADS

TWO-TRACK TAPE RECORDER

o

[ S—

RESPONSE
RECORDER

13 OCTAVE
FILTER

Fig. 1. Microphone comparison setup.
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DESIGN

picture of what “optimum response”
means in the lavalier environment,
it is necessary to measure the
relative frequency dependence, over
the entire voice range, of the sound-
pressure level at the sound port
of the lavalier microphone. To this
end, the research of Olson, Preston,
and Bleazey (1) and the extensive
measurements of Yamamoto and
Nishimura (2) are useful. Especially
notable in the latter work is the fact
that a life-sized, fully clothed dum-
my was employed. The head of
the dummy contained an artificial
“mouth” (radiating transducer),
which was excited with sine-wave
signals for the frequency tests.

Other significant experiments
were conducted by the German
Television Research Institute,
which measured the sound-pressure
levels in the region of the breastbone.
The measurement was accom-
plished using the test setup shown
in Fig. 1. Subject P is placed
approximately 1 meter from micro-
phone M1 (the reference micro-
phone). The signal from M1 is fed
to channel 1 of a dual-channel tape

by Reinhard Plantz
—Scientific research forms
the basis for a design that
achieves the desired results.

recorder. A second microphone, M2,
identical to M1, is placed in the
vicinity of the subject’s breastbone.
The signal from M2 is fed to the
second channel of the tape re-
corder. This procedure readily fa-
cilitates comparison of the sounds
received at the two locations.

The taped signals are played
back and fed through a 1/3-octave
filter for camparison with each
other. Of course, this procedure
can also be followed with two sin-
gle-track machines which have the
same frequency response. However,
the tapes must be made at the same
time, since it is extremely difficult
to duplicate emphasis, loudness,
etc., in a second reading. The only
important consideration is that the
sounds picked up by the two micro-
phones be available for simulta-
neous comparison.

The analysis was facilitated
through the use of a 1/3-octave an-
alyzer, connected to a level re-
corder having a maximum stylus
displacement of 2 mm/sec and a
paper velocity of 0.3 mm/sec. This
precise, time-consuming technique

+12
+8
@
= e
& Z \
=t 7 Y
vy
A \\\\ // \
a \/\\\\\ A \/\\
2.0 SN =R
3 \\
g \\ \///\\
< e TR S
& -8 LI
———— AVERAGE [
lN\AXlMUM DE\IIIATION
-12
50 100 200 500 1000 2000 5000 10000

FREQUENCY (Hz)

Fig. 2. Microphone response in region of the breastbone (for male subjects).

13




+12

4
e N
> H4 4 \
a // \\\\v\/
FINNEE/A SN
g P S ~_J ‘\\/
3 W\ /\
s -4 =
2 LSRN
s N
a ‘8 \‘
———— AVERAGE AN
MAXIMUM DEVIATION
-12 i )
50 100 200 500 1000 2000 5000 10000

FREQUENCY (Hz)

Fig. 3. Microphone response in region of the breasthone {(for female subjects).

is necessary for adequate analysis of
human speech, which consists pri-
marily of impulse-like waveforms.
In order to increase the accuracy
of measurement, siXx separate tape
loops were analyzed with the filter-
recorder combination.

By comparing the pressure level
at M2 versus that at M1, one can
explore the relative frequency
dependence of the sound level ap-
pearing at the aperture of the
lavalier microphone. The median,
distance of M2 to the subject’s
mouth was 27 c¢m, which ade-
quately approximates the average
demands placed on the lavalier
microphone in its normal environ-
ment. Fig. 2 illustrates the average,
maximum, and minimum values of
sound pressure in the region of the
breastbone, as measured with six
male subjects of various sizes. In
the region from 80 Hz to 4 kHz, the
deviation is unexpectedly small, re-
maining at a value of approximately
2 dB. At frequencies above 4 kHz,

greater deviations in sound pres-
sure levels occur, extending to 7 dB
in the six subjects tested.

The pressure dropoff at higher
frequencies results primarily from
the highly directional characteristic
of the mouth as a radiator, and
follows closely the results of Olson,
Preston, and Bleazey, and Yama-
moto and Nishimura. Surprising is
the rise in sound pressure level en-
countered in the range of 700 to
800 Hz.

The same measurment procedure
was duplicated with six female sub-
jects. The results are shown in Fig.
3. The individual differences above
1 kHz are generally greater than
with the male subjects. A slight in-
crease is also observable in the
midfrequency area, approximately
100 Hz higher than for the male
subjects and generally’ more pro-
nounced (though narrower). How-
ever, these differences between
groups are considerably smaller
than one might at first expect.

+12
+8 zan
% F:;;\
— \
o *4
5 PRESSURE VA A
= REC/EIVER PERMISSIBLE
= HIGH-FREQUENCY
3 } N /[ DECREASE
(9] o
= W 2. \
g /.." \j
PRESSURE-GRADIENT
-8 RECEIVER
-12
50 100 200 500 1000 2000 5000 10000
FREQUENCY (H2)
Fig. 4. Response curves for pressure receiver vs pressure-gradient receiver.
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The desired microphone response
curve, based upon the results al-
ready discussed, is shown in Fig. 4.
This curve is valid for pressure
receivers (omnidirectional charac-
teristic) when used to pick up the
male voice. A gradual roll-off, be-
ginning at 8 kHz, is permissible,
down 3 dB at 10 kHz and 5 dB at
12 kHz from the theoretical curve.
The attenuation produced by this
roll-off is not considered harmful
to the accurate reproduction of
speech or singing. The dotted line
illustrates the response obtained
with a lavalier microphone operat-
ing on the pressure-gradient (car-
dioid) principle. When these
measurements are made with an
identical microphone utilizing
pressure-receiver principles. the re-
sults coincide. except below 200
Hz. In that region, the proximity
effect causes the descrepancy.

Practical tests have been con-
ducted with a lavalier microphone
designed with the “ideal” response
shown in Fig. 4. The results indi-
cated that trained listeners could
detect no subjective differences be-
tween its reproduction and that of a
comparable flat-response studio mi-
crophone placed on a stand in “nor-
mal” position. However, when the
increased sound pressure encoun-
tered in the region around 700 Hz
is not compensated for, a typical
“lavalier” sound is readily observed.
Another result of comparison tests
indicated that separate correction
is unnecessary for male and female
speakers. Any improvement which
a special corrective filter for fe-
male subjects may produce was
found entirely out of proportion to
the design complexity that would
need to be introduced. Such a filter
would be required to provide separ-
ate compensation both in the 700-
800 Hz region and in the region
above | kHz.

Directional Characteristic

Most lavalier microphones have
been dynamic pressure receivers,
responding to higher frequencies
with a spherical characteristic. A
highly directional response, to elim-
inate undesirable disturbing noises,
was found to be unnecessary except
in rare cases. Since the lavalier
working distance is relatively small,

BROADCAST ENGINEERING



averaging about 25 to 27 cm, the
microphone operates under extreme-
ly favorable conditions for suppres-
sion of reverberation and similar
problems. Even in a small, reverber-
ant room, the microphone is well
within the rigion where the direct
sound is far stronger than the re-
flected sound.

One application where special
characteristics would seem most
advantageous is in large halls,
where a public-address system is
used to amplify sound from the
microphone. In such applications,
a lavalier microphone with a car-
dioid characteristic will result in a
5-dB suppression of ambient noise.
However, because of proximity to
the body and other effects, the di-
rectional pattern of the microphone
will vary from the optimum as its
nearness to the body changes.

In actual tests conducted by the
Norddeutsche Rundfunk, it was
shown that a cardioid dynamic
microphone increased the level at
which feedback occurred by 3 or
4 dB. However, this advantage ap-
pears relatively useless in the light
of the greater sensitivity to vibra-
tion of the cardioid mircophone,
as shown by Dr. Griese (3). Even
an ordinary dynamic microphone
exhibits considerable vibration
pickup, and special means must be
devised for reducing microphone
vibration sensitivity.

Precautions to Counteract
Noise Pickup

While the lavalier microphone
possesses the advantage of being
at a constant distance from the
mouth of the speaker, it also pre-
sents, for the same reason, the in-
herent problem of being mounted,
in effect, on the speaker. It is,
therefore, prone to noise pickup
due to the sounds of the case rub-
bing against clothing, or of the
cable moving along the floor. These
noises are carried to the micro-
phone by a combination of me-
chanical vibration and airborne
sound.

Special attention must be given
to maximum noise suppression. One
of the most obvious means. of
course, is to make the microphone
case smooth and without sharp
edges. In addition, the means of

November, 1967

T 0 T V1 T V2
Mg = RESONATOR MASS
Co = RESONATOR COMPLIANCE
Ro = RESONATOR LOSS RESISTOR
Mp = DIAPHRAGM MASS
Cp = DIAPHRAGM COMPLIANCE
ML - AIR-GAP MASS
RL - AIR-GAP LOSS RESISTOR

Cv1 = COMPLIANCE OF SPACE BETWEEN
DIAPHRAGM AND POLE DISC

Cy/2 = COMPLIANCE OF SPACE INSIDE CASE

attachment should provide for the
microphone to rest as rigidly against
the body as possible.

Of equal concern is the problem
of sound pickup when the micro-
phone cable rubs against some ob-
ject. Practical experience has
shown that additional vibrational
insulation must be provided. An
effective means is to suspend the
transducing element elastically from
both housing and strain relief.

A Practical Design

According to Fig. 4, the ideal
frequency response of a lavalier
microphone should coincide with
the solid line up to 5 kHz, and
above 5 kHz it can follow the dash
line. The necessary attenuation in
the region of 700 Hz is easily
achieved in an ominidirectional
dynamic microphone. The equi-
valent acoustic circuit is shown
in Fig. 5. The air mass in the
air gap, M,, is larger than usual

V(, = GENERATED VOLTAGE

0
Ri = INTERNAL IMPEDANCE OF
DYNAMIC ELEMENT

RF = DAMPING RESISTOR OF FILTER

c Lp = FILTER INDUCTANCE

F
I CF = FILTER CAPACITANCE

Fig. 6. Electrical equivalent circuit.

Fig. 5. Equivalent acoustic circuit.

in dynamic microphones, which re-
sults in a flat frequency response
to 2 kHz; above this frequency, a
slight rise can be noted, with maxi-
mum at 5 kHz of 6.5 dB. The
necessary dip in the frequency
response is achieved by means of
a filter in parallel with the voice
coil, as shown in Fig. 6. In the
actual resign represented by the
figure, Cy has a capacitance of
0.58 mfd, and L has an inductance
of 90 mh. Resistor Ry is 150 ohms,
the sum of the voice-coil resistance
and that of Lg. The action of such
a circuit can be seen in Fig. 7. The
response obtained without the filter
is shown with a dash line, while the
result with the filter closely ap-
proximates that outlined previously.

A mechanical design chosen to
achieve vibration insulation is
shown in Fig. 8; the design is based
on a double-housing construction.
The inner housing is an aluminum

® Please turn to page 62

[—] s - \\\
T ™ 5dB
— WITH FILTER {
—— WITHOUT FILTER ‘
20 50 100 200 500 1000 2000 5000 10000 20000

FREQUENCY (Hz)

Fig. 7. Response curve shows result of circuit arrangement shown in Fig. 6.
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COLOR-TV BASICS
—~COLOR-SIGNAL
REQUIREMENTS

Last month the principles of colorimetry and the
nature of human vision were examined. In this second
part of the color-basics series, the requirements of the
color signal are described.

The composite color signal not only must carry color
information, but it must also be compatible with the
long-established system of monochrome television. In
other words, the signal must be such that it can be re-
ceived on a monochrome receiver in black and white

(A} FUNDAMENTAL = 1

AUAVACRTACAN

(B) 3RD HARMONIC =3

(C) 5TH HARMONIC =5
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Part 2 of the color series examines the
requirements the color signal must meet.

without any modification of the receiver. In addition,
the part of the signal which conveys color must be
transmitted in such a manner that it does not appreciably
affect the quality or type of picture reproduced by the
monochrome receiver.

The signal must represent the scene according to its
color, and the colors must be transmitted in terms of
the three chosen primaries—red, green, and blue. By
some means, the three physical aspects of brightness,
hue, and saturation must be conveyed by the signal
for each color in the scene, because the eye sees color
in terms of these aspects.

In order to make the color system compatible, the
specifications of the standard monochrome signal had
to be retained. This meant that such things as the chan-
nel width of 6 MHz; the aspect ratio of 4 to 3; the
number of scanning lines per frame of 525; the hori-
zontal-scanning and vertical-scanning rates of 15,750
and 60 Hz, respectively; and the video bandwidth of
4.25 MHz had to remain the same within narrow
tolerances. To these basic specifications, provisions
had to be added to convey the color clements by
means of a signal which will hereafter be known as
the chrominance signal.

Even if the same specifications were retained, the
color system would not be compatible if the composite
color signal did not contain a signal which would con-
vey brightness. To satisfy this requirement, a signal
which is representative of the brightness of the colors
in the scene must be transmitted together with the
chrominance signal. This brightness signal is very much
the same as the video signal used in standard mono-
chrome transmission, and it will be referred to here-
after as the luminance signal. It is transmitted by am-
plitude modulation of the picture carrier in such a
manner that an increase in brightness corresponds to
a decrease in the amplitude of the carrier envelope.

Fig. 1. Sine-wave components make up periodic waveform.
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Color could be transmitted by three separate signals,
each representing a primary color, but a channel width
of at least 12.75 MHz would then be required. Since
this would not satisfy the requirement for compatibility,
color had to be represented in some other manner in
order to utilize the standard 6-MHz channel width.

The chrominance and luminance signals are in-
cluded within the normal 4.25-MHz video bandwidth
by an interleaving process. This process is possible
because the energy of the luminance signal concentrates
at specific intervals in the frequency spectrum. The
spaces between these intervals are relatively devoid of
energy, and the energy of the chrominance signal can
be caused to concentrate in these spaces. A detailed
discussion of the interleaving process is presented
later in this article.

The chrominance signal is conveyed by means of a
subcarrier, the frequency of which was chosen to ac-
complish the desired interleaving. Three signals—for
red, green, and blue—are obtained from the camera.
Portions of ithese three signals are used to form the
luminance signal. This leaves three signals which are
referred to as color-difference signals. Two of these
are proportionately mixed together to form two other
signals that are used to modulate the chrominance sub-
carrier.

A method of modulation known as divided-carrier
modulation may be employed in order to place two
different signals upon the same carrier. The subcarrier
is effectively split into two parts, and each part is mod-
ulated separately. Then the two portions are combined
to form the resultant chrominance signal. The ampli-
tude and phase of this signal vary in accordance with
variations in the modulating signals. A change in am-
plitude of the chrominance signal represents a change
in color saturation, and a change in phase represents a
change in hue.

A reference signal of the same frequency as the
subcarrier is transmitted in the composite color signal.
This reference signal, called the color burst, has a fixed
phase angle and is employed by the color receiver in
order to detect properly the colors represented by the
chrominance signal.

In the foregoing discussion, it has been shown that
the composite color signal contains a luminance signal
and a chrominance signal. A color-burst signal is also
transmitted along with the conventional blanking and
sweep-synchronizing signals. Next, the methods em-
ployed in making up the composite color signal will
be examined in greater detail.

The Interleaving Process

The interleaving process, as mentioned previously,
makes it possible to transmit the composite color sig-
nal within a channel no wider than that used for mono-
chrome transmission. The process stems from a prin-

Fig. 2. Video waveform from horizontal picture scanning.
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ciple discovered by Mertz and Gray.! Their studies
concerning the scanning process used in telephotog-
raphy and television revealed that the energy produced
by scanning an image concentrates at specific intervals
in the frequency spectrum. It was further shown that
these points of energy concentration occur at frequen-
cies computed as whole multiples of thé scanning rate.
The actual proof of this phenomenon involves a series
of complicated mathematical formulas not practical to
reproduce here, but a more or less general idea of the
reasons for such energy concentration is presented in
order to help the reader to understand the interleaving
process.

A mathematical solution would show that any video
signal produced by scanning an image contains an in-
finite number of pure sine waves. As an example, wave-
form E in Fig. 1 can be matched by combining
waveforms A, B, and C. If the eighth harmonic of
waveform A is added to waveform E, waveform F will
result. Note that the frequency of each of the pure sine
waves is either the fundamental or a harmonic of the
recurring rate of waveforms E and F. Although more
complex than waveform E or F, every video waveform
is composed of harmonically related sine-wave com-
ponents.

The monochrome video waveform shown in Fig. 2
contains an infinite number of sine waves which have
frequencies that are multiples of the fundamental fre-
quency of the entire waveform. Because this fund-
amental frequency is determined by the rate of scan-
ning, a video waveform produced by scanning an image
at a constant rate will contain an infinite number of
sine waves which have frequencies that are harmonics
of the line-scanning frequency. If the waveform shown
in this figure were followed through several successive
scanning lines, there would be very little change in its

! Mertz, Pierre and Frank Gray, “A Theory of Scanning and Its
Relation to the Characteristics of the Transmitted Signal in Tele-
photography and Television,” The Bell System Technical Jouwrnal,
Vol. XI1II, No. 3, July 1934.

(A) Test pattern

(B) Waveform for 12 bright lines in (A)
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2 FULLY
EQUALIZED

HOW KAPPA GETS VIDEO CABLE
PERFORMANCE...W/ITHOUT GABLE!

We replace it! . .. with Kappa Super-n Delay Lines. As a result we can
help you avoid large coils of video cable, storage compartments, and
separate equalizers. Kappa Super-n Delay Lines outperform conventional
(m-derived) lines because they are more efficient ... they yield inherently
greater delay-bandwidth from fewer components. The performance of Kappa
Super-n more nearly approaches constant delay at all transmitted frequencies
... an essential characteristic of the ideal low pass, dispersionless delay line.

Unit-to-unit uniformity and excellent temperature stability are also
marked features of Kappa Super-h Video Delay Lines.

Where you need equalized cable performance without physical length
in your video systems, do the job efficiently and economically ... use Kappa
Super-n Delay Lines!

KAPPA SUPER-n VIDEO CABLE SIMULATOR GUIDE
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Length of Package Approx. Max.
Cable Length Delay Insertion
Simulated* (x Range Loss
Model No. (in feet) square) (nsec.) (db) Price**

10A50 50 5" 78 05 $52.75
10A100 100 8” 157 1.0 $69.50
10A150 150 1” 235 1.5 $86.25
Acs'.rg:l 10A200 200 14~ 314 20 $103.00

10A250 250 16~ 392 25 $119.75

*+2 ft. or 2%, whichever is greater. “*Additional discounts available 16t quantity orders.

SPECIFICATIONS OF KAPPA SERIES 10A SUPER-n DELAY LINES

Impedance: 75 ohms = 2% Size: ’/s” square x length required
K factor:: less than 0.25% far sin’ T Puise  Case material: Electro-tinned brass
Cross talk: less than 46 db Fintsh: Mil-spec gray lacquer

For p t eng ga ta a ect at (201) 541-4

Kaprpa NETWORKS, INC.

y Specialist Manufacturing Engireers
165 ROOSEVELT AVENUE - CARTERET, NEW JERSEY 07008 - TEL (20!) 541-4226
w t b d tq ty delay lines
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(EXPANDED SCALE)

MULTIPLES OF 30 Hz
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HARMONICS OF HORIZONTAL
SCANNING FREQUENCY

Fig. 3. Representation of the distribution of energy in the frequency spectrum of a standard monochrome video signal.

composition. Thus, the waveform recurs at the line-
scanning frequency.

It follows that for an image which is not moving
rapidly, the waveform of a particular line will be re-
peated during the scanning of each successive frame;
therefore, the waveform also recurs at the frame rate.
As a result of repeated scanning, a number of recur-
ring waveforms at the frame frequency and at the line-
scanning frequency are produced.

Since the transmitted signal is comprised of recurring
waveforms at the frame and line frequencies, and since
these waveforms contain an infinite number of waves
which have frequencies that are harmonics of the frame
and line frequencies, concentrations of energy occur
in the video spectrum at whole multiples of the frame
and line frequencies. More energy concentrates at mul-
tiples of the line-scanning rate than at multiples of the
frame rate because of the greater number of successive
waveforms at the line frequency.

Present-day monochrome transmission follows this
principle of energy distribution. The drawing presented
in Fig. 3 shows the frequencies at which the concentra-
tions of energy occur. It may be noted that nearly half
the video spectrum is unused.

Since the scanning rates for the chrominance signal
and for the luminance signal are the same, the con-
centrations of energy produced by both are spaced at
the same intervals. It is feasible, therefore, that the
bands of concentrated energy of the chrominance sig-

LIGHT SHADED AREAS INDICATE DISTRIBUTION OF THE CHROMINANCE ENERGY
IN A SUBCARRIER WHOSE FREQUENCY 1S AN ODD MULT{PLE OF ONE-HALF THE

LINE FREQUENCY.
1/2 LINE

FREQUENCY
I

|
|
I
3
|
|
|
|
L

LINE 2ND 3RD

FREQUENCY

nal could be spaced between the bands of the lumi-
nance signal. As seen in Fig. 4, the spaces in the fre-
quency spectrum occur at odd multiples of one-half
the line frequency. If a subcarrier frequency equal to
an odd multiple of one-half the line-scanning frequency
is chosen, the chrominance and luminance signals will
be interleaved.

Development of the
Subcarrier Frequency

A carrier may be described as a signal in which
some feature—such as amplitude, frequercy, or phase
——may be made to vary in accordance wita the charac-
teristics of a modulating signal. In radio and in mono-
chrome television, the modulation can be recovered
by a detection process. In color television, however.
a portion of the modulation on the video carrier
performs by itself the functions of a carrier. This mod-
ulating frequency is called a subcarrier. After being
detected and separated from the video carrier, the sub-
carrier must undergo further demodulaticn before the
characteristics of the modulating signal which is con-
veyed by the subcarrier can be obtained.

The frequency of the chrominance subcarrier is
governed by several factors. The subcarrier frequency
must be high enough above the video carrier to keep
interference at a minimum in either monochrome or
color receivers. Also, if a frequency near the upper

COLOR SUBCARRIER
(0DD HARMON!C OF

1/2 LINE FREQ)
0DD HARMONICS OF 1/2 LINE FREQUENCY
453RD 455TH 457TH 459TH

HARMONIC OF THE LINE FREQUENCY

DARK, SHADED AREAS INDICATE DISTRIBUTION OF BRIGHTNESS ENERGY

AT WHOLE MULTIPLES OF LINE FREQUENCY.

Fig. 4. Representation of interleaving of brightness and color signals within the spectrum of a color video signal.
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If the
Electro-Voice
Model 666

picks up
sound here...

The holes in the top, sides and
@. rear of the Electro-Voice Model
666 make it the finest dynamic cardioid
microphone you can buy. These holes
reduce sound pickup at the sides, and
practically cancel sound arriving from
the rear. Only an Electro-Voice Vari-
able-D® microphone has them.

Behind the slots on each side is a
tiny acoustic ““window”’ that leads
directly to the back of the 666 Acoustal-
loy® diaphragm. The route is short,
small, and designed to let only highs
get through. The path is so arranged
that when highs from the back of the
666 arrive, they are cut in loudness by
almost 20 db. Highs arriving from the
front aren’t affected. Why two ‘“‘win-
dows”? So that sound rejection is uni-
form and symmetrical regardless of
microphone placement,

The hole on top is for the mid-
range. It works the same, but with a
longer path and added filters to affect
only the mid-frequencies. And near
the rear is another hole for the lows,
with an even longer path and more

SR N e o

filtering that delays only the bass
sounds, again providing almost 20 db
of cancellation of sounds arriving from
the rear. This “three-way” system of
ports insures that the cancellation of
sound from the back is just as uniform
as the pickup of sound from the front—
without any loss of sensitivity. The re-
sult is uniform cardioid effectiveness at
every frequency for outstanding noise
and feedback control.

Most other cardioid-type micro-
phones have a single cancellation port
for all frequencies. At best, this is a
compromise, and indeed, many of
these *‘single-hole” cardioids are actu-
ally omnidirectional at one frequency
or another!

In addition to high sensitivity to
shock and wind noises, single-port car-
dioid microphones also suffer from
proximity effect. As you get ultra-close,
bass response rises. There's nothing
you can do about this varying bass
response — except use a Variable-D
microphone with multi-port design*
that eliminates this problem completely.

Circle Item 13 on Tech Data Card

What are
all these
other

holes
for?

\ 0 -
\ 4

Because it works better, the E-V
666 Dynamic Cardioid is one of the
most popular directional microphones
on the market. Internal taps offer 50,
150, or 250 ohm impedance output.
Frequency range is peak-free from 30
to 16,000 Hz (cps). Output is—58db.

To learn more about Variable-D
microphones, write for our free booklet,
“The Directional Microphone Story.”
Then see and try the E-V 666 at your
nearby Electro-Voice professional mi-
crophone headquarters. Just $255.00 in
non-reflecting gray, complete with
clamp-on stand mount. Or try the sim-
ilar Model 665. Response from 50 to
14,000 Hz (cps), $150.00 (list prices less
normal trade discounts).

*Pat, No. 3,115,207

ELECTRO-VOICE, INC., Dept. 0171V
614 Cecil Street, Buchanan, Michigan 49107

ElecthhoYores

SETTING NEW STANDARDS IN SOUND




limit of the video range is used, it will undergo at-
tenuation in the relatively narrow-bandpass circuits
of a monochrome receiver; and moreover, if this signal
does reach the picture tube, the dot structure it pro-
duces will be very fine and not too objectionable.

On the other hand, the subcarrier frequency must
be low enough so that its upper sidebands will fall
within the established range of the video frequencies.
Specifications for the color signal indicate that the
upper limit of the subcarrier sidebands should be
0.6 MHz above the frequency of the subcarrier. It fol-
lows that the subcarrier frequency can be as high as
3.6 MHz, if the practical video bandwidth for color
transmitters and receivers is considered to be approxi-
mately 4.2 MHz.

It has been shown that the signal energy produced
by scanning an image will concentrate around the har-
monics of the scanning frequencies. Nearly half the
space in the video spectrum is therefore left unused.
The location of the unused space is another determin-
ing factor for the subcarrier frequency because the
harmonics of the subcarrier must concentrate in this
space. A frequency which is an odd multiple of one-
half the line frequency must be used for the chromi-
nance signal so that the interleaving process will take
place. A tentative subcarrier frequency, f., can be com-
puted as:

_ 15,750 X 10~ X 455
2

The multiple 455 is chosen to keep the frequency
close to 3.6 MHz above the video carrier.

This 3.583125-MHz frequency was not adopted
for the color-transmission standards because of an
objectionable feature which may be described as follows.
Monochrome receivers which employ an intercarrier
sound system develop a 4.5-MHz signal at the out-
put of the video detector. When this 4.5-MHz signal
beats with the color subcarrier, a difference frequency
of approximately 900 kHz is produced. Experiments
were conducted, and it was found that when the
3.583125-MHz frequency was used for the color sub-
carrier, the beat frequency created a distracting pat-
tern on the screen of a monochrome picture tube. Fur-
ther experimentation indicated the beat frequency
would be less objectional if it were an odd multiple of
one-half the line frequency.

Naturally, it would have been impractical to change
the 4.5-MHz intercarrier frequency which is accepted
as standard in so many existing receivers. This made
it necessary to select a slightly lower frequency for
the color subcarrier than the tentative value given;
consequently, slightly lower line and field frequencies
had to be used in order to retain their frequency
relationship to the subcarrier frequency.

The difference frequencies between the subcarrier
and both the video and audio carriers must be taken
into consideration when the new line and field fre-
quencies are being determined. For the best results,
it is desirable that each of these two difference fre-
quencies should be some odd multiple of one-half the
line rate. Since the addition of two odd harmonics of
one-half the line rate will yield an even multiple of the

f. = 3.583125 MHz
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line rate, the separation between the video carrier and
the sound carrier must be defined as an even multiple
of the new line frequency. Using the 15,750-Hz line
rate as a basis for determining this multiple, it was
found that the 286th harmonic would be at a frequency
of 4.504500 MHz.

The desired new line frequency, f., can be computed
as follows:

_ 4.5 X 10°

b 286

= 15,734.264 Hz

Thus, the 286th harmonic of the new line frequency

is equal to the 4.5-MHz picture-to-sound separation.
Since each frame must consist of 525 lines, it fol-

lows that the new field frequency, fr, can be computed

as follows:

f.

553 X 2 = 5994 Hz

fr =

Now the subcarrier frequency, f., becomes:

f, =i§§—x I, = 3.579545 MHz.

Note that the new scanning frequencies used for
color transmission are slightly below the nominal values
used in monochrome receivers; however, the changes
amount to less than the one-per-cent tolerance allowed,
and the new frequencies will fulfill the requirements
for compatibility in monochrome reception. For pur-
poses of maintaining close synchronization of color
receivers, the tolerance for the subcarrier frequency
is set at =10 Hz, and the rate of change cannot be
more than 1/10 Hz per second.

Divided-Carrier Modulation

It has been pointed out that for purposes of color
transmission, a chrominance signal is required; more-
over, the chrominance signal must represent two color
signals separable from each other. One subcarrier at a
frequency of 3.579545 MHz above the picture carrier
is available to convey both color signals. Consequent-
ly, some method of modulating one carrier with two
signals must be utilized at the transmitter.

The fundamental block diagram in Fig. 5 illustrates
the manner in which the foregoing requirement is met.
A subcarrier generator produces a sine wave of con-
stant frequency and amplitude. This subcarrier is then
applied to two doubly balanced modulator circuits rep-
resented by blocks A and B. The subcarrier coupled
to the modulator in block B has been subjected to a
90-degree phase shift. One of the two modulating sig-
nals is applied to modulator A, and the other is ap-
plied to modulator B.

In order to show what occurs in each of the balanced
modulator circuits, a simple schematic diagram repre-
senting the modulator in block A is presented in Fig.6.
The modulating signal is passed through a phase-
splitter circuit to produce two signals of opposite polar-
ity. This causes the signal at the grid of V2 to be 180
degrees out of phase with the signal at the grid of V3.
The subcarrier also undergoes a phase-splitting process
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Fig. 5. Block diagram shows divided-carrier modulation.

in passing through the transformer, and the suppressor
grids are fed with signals of equal amplitude but op-
posite polarity.

When the modulating signal at the grid of V2 is in
the positive portion of its cycle, a subcarrier signal of
increased amplitude is produced. As the signal at the
grid goes through the negative portion of its cycle, a
subcarrier signal of lower amplitude appears at the
output. The waveform of the resulting subcarrier
signal is shown in the figure at the plate of V2. A
similar action takes place in V3, except the modulat-
ing signal goes through its negative excursion first.
The resultant waveform from V3 is shown in the figure.

The operation of the entire circuit is dependent upon
t.e fact that the plate circuits of V2 and V3 are tied
together. The waveforms shown at the plates do not
exist separately but are actually combined because of
the common plate circuit. It can be seen in the illustra-
tion that the two plate-signal components are 180 de-
grees out of phase. The amplitude of the total output
becomes the difference in the amplitudes of the two
signals. In addition, the phase of the output sidebands
agrees with the phase of the signal having the greatest
amplitude.

It can be seen that if the signal applied to the grid
of the phase splitter is increased in amplitude, then
the amplitude of the output signal will also increase.
The phase of the output sidebands will change 180

RESULTANT SIGNAL

Fig. 6. Schematic diagram of a doubly balanced modulator.

degrees when the polarity of the modulating signal is
reversed; consequently, the output signal represents the
modulating signal in terms of the phase and amplitude
of the subcarrier frequency. If no signal is applied to
the grids of V2 and V3, no signal will appear in the
output because both tubes will conduct equally and
complete cancellation will result.

In Fig. 5, there are two blocks representing doubly
balanced modulators. The modulator in block B op-
erates in the same manner as that described for the
one in block A, with the exception that the subcarrier
input is delayed 90 degrees. This delay causes the
output of modulator B to be displaced 90 degrees in
phase with reference to the output of modulator A.
In this respect, it should be remembered that the output
of modulator B can either lead or lag that of modulator
A by 90 degrees, depending upon the polarity of the
modulating signal introduced into each balanced mod-
ulator circuit.

Consider a particular case in which the output of
modulator A is equal in amplitude to the output of
modulator B but leads the latter output by 90 degrees.
See Fig. 7. Since the values of both of these signals are
continuously changing and since the signals are dis-
placed in phase, it is easier to analyze their relationship
through the use of vectors.: Thus, both signals may

2 See “Review of Vector Computation,” February 1965 BROaDpCasT
ENGINEERING, page 22.
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Fig. 7. Diagram shows vector representations of instantaneous voltages, and relates vectors to sine curves at right.
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When leading broadcast engineers insist on genuine
EEV camera tubes, they must have good reasons.

They do. Plenty of them, in fact.

Television broadcasters the world over have come to rely almost
exclusively on the unique combination of tube quality and long-life economy
that only English Electric Valve — the world’s foremost camera tube

manufacturer — can provide.

Typical of this foremost camera tube line are . ..

ELCON-Target Image Orthicons

ELCON Color-Matched Tubes

Matched color sets of ELCON Image Or-
thicon tubes are selected on the basis of
camera control operating parameters, as
well as tube sensitivities and signal cur-
rent outputs. And, in most cases, the need
for trimming with neutral density filters
is completely eliminated . . . orbiting is
not required . . . and sensitivity is improved.

Type Description
44156/ 37 tube—field mesh; matched
4416E set of three tubes.

longer
m Stable, non-stick target

Non-field mesh and field mesh tubes with
effective operational life of 3,000 to 5,000
hours. Fall target warranty of 1,200 hours.

ELCON 3~ image Orthicon

Type Description
5820A/E 3 tube—non-field mesh
72938 3” tube—field mesh

8093A/E 37 tube—field mesh; with close
target-to-mesh spacing

® Long life — 3 to 4 times

m Uniform sensitivity and gamma
throughout extended tube life

m No burn-in

ELCON 42" Image Orthicon

ELCON Target — JEDEC-designatec; 3,000-
5,000/hour operational life; 1,200/nour tar-
get warranty.

Type Description
7295C 41, tube — field mesh.
7389C 4, "tube — field mesh; with

close mesh-to-target spacing.

1-inch Vidicons (gl

1-inch Vidicons, Integral Mesh

Type Description
P860 Utilizes new photosurface (similar
to 8625, 8626) for high sensitivity,
! minimum lag; film or studio appli-
cations; monochrome or color
7038 Monochrome or color film camera
applications; 600 ma filament
7735A  For studio and remote cameras;

high sensitivity; 600 ma filament

FIRST 8Y ANY STANDARD
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Other tubes ava’lable for specific applications.
World-wide patents applied for.

For complete in“ormation and prices
on the Blue Rib2on gquality EEV camera
tube line, contazt

{-inch Vidicons, Separate Mesh

® Higest quality pictures with mini-
mal shading

m Low lag; reduced long-term stick-
Ing

m Lowver light level operation

m Phcto-surface of 8625 and 8626
vidicons combine high “blue” sen-
sitizity and reduced “red” sensi-
tivizcy for correct panchromatic
resaonse to standard tungsten
lighting

m Resclution exceeds 1,000 lines

m Beam landing errors minimized

for mproved signal output

Type Description

8625 High sensitivity photosurfacz; pre-
ferred spectral response of 7038
type; 600 ma filament

8626 Equivalent to 8625, with 95 ma
filament for transistorized cemeras

8507 Low lag, high sensitivity charac-
teristics; 600 ma filament

8541 Equivalent to 8507, with 95 ma
filament for transistorized cameras

8572 Low lag characteristics far film

application, monochrome or color;
600 ma filament

VISUAL ELECTRONICS CORPORATION
356 west 40th street e new yo-k, ny. 10018 e (212) 736-5840
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Fig. 8. Resvlts of adding two signals separated by 90°.

Fig. 9. The color burst follows the horizontal sync pulse.

be considered as vectors rotating at the same speed
but with one leading the other by 90 degrees.

The first pair of vectors in Fig. 7 is shown at zero
time. The vector representing the instantaneous value
of A leads that representing the instantaneous value
of B by 90 degrees because the motion of vectors is
considered to be counterclockwise. At zero time, the
voltage of A is zero and the voltage of B is at a
maximum negative value. The resultant signal at zero
time is equal in magnitude to the value of B.

If the vectors rotate another 45 degrees, they will
appear as shown in the vector diagram for time 1.
Vector A has reached an amplitude of 70.7 per cent
of the positive peak, and vector B is 70.7 per cent of
the negative peak. The resultant signal has an am-
plitude of zero. In the sine-wave diagram, these values
are shown at time 1. The positions of the vectors at
times 2, 3, and 4 indicate that the instantaneous volt-
ages in the vector diagrams are equal to those on the
sine-wave diagram at their respective times.,

If the rotating vectors in Fig. 7 were analyzed at
every degree throughout their complete cycle, the
waveforms which are represented by these vectors
could be traced as they have been in the sine-wave
diagram. The length of each vector equals the peak am-
plitude of the signal it represents.

In the foregoing discussion, the outputs of modula-
tors A and B were considered to be of equal amplitude,
and they produced a resultant signal shown by the
dash line in Fig. 8A. The associated vector diagram
is drawn for the vector positions at zero time. In actual
practice, the output from each of the doubly balanced
modulators will vary in amplitude and undergo a 180-
degree phase shift from time to time. As an illustra-
tion of this condition, Fig. 8B shows the resultant signal
produced when the output of B is one fourth the output
of A. Notice that the resultant signal has a smaller
amplitude than in Fig. 8A and it has shifted in phase
so that it lags the output of A by 14 degrees instead
of 45 degrees.
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( 8 CYCLES
MIN
i~
0.1
- 0.90ST0 1.1S
0.006H MIN \
0. 024
MIN
0. 125H MAX
0. 145H MIN

NOTE: FOR COMPLETE SPECIFICATIONS OF COLOR SYNCHRONIZING
WAVEFORM, SEE PAGE 245, VOLUME ITI, FCC RULES AND
REGULATIONS (JANUARY 1964).

The voltages from the outputs of the two modulators
are combined in the adder stage (Fig. 5). The output
of this stage is a single waveform which varies in am-
plitude and phase in accordance with the amplitude
and phase of each of the two signals introduced to
modulators A and B. Thus, two modulating signals
are impressed upon a single subcarrier, and these two
signals can be recovered by reversing the modulation
process at the receiver.

Color Synchronization

The phase difference between the chrominance sig-
nal and the output of the subcarrier generator identi-
fies the particular hue being transmitted at a given in-
stant. When the chrominance signal reaches the re-
ceiver, some means must be provided for comparing
the phase of the signal with a fixed reference phase
corresponding to that of the subcarrier generator at the
transmitter. This reference phase is provided by a local
oscillator which is synchronized with the subcarrier
generator by means of a color-burst signal transmitted
during the horizontal-blanking period. The color burst
consists of a minimum of eight cycles at the frequency
of 3.579545 MHz.

As shown in Fig. 9, the color burst is placed on the
back porch of the horizontal-blanking pedestal. When
located at this point, the burst will not affect the opera-
tion of the horizontal-oscillator circuits because the
horizontal systems used in existing receivers are de-
signed to be immune to any noise or pulse for a short
time after they have been triggered. Since the average
voltage of the color burst is the same as the voltage
of the blanking level, the burst signal will not produce
spurious light on the picture tube during the retrace
period.

A color receiver is designed to extract the color
burst from the transmitted signal. This reference signal
is used to synchronize the color section of the receiver

* Please turn to page 45
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A METHOD
for

PRESUNRISE
POWER
REDUCTION

by John H. Mullaney *

New FCC Rules regarding AM
operation prior to sunrise have
brought about some new technical
requirements for many stations. This
article presents one method for
achieving the large power reduc-
tions imposed in some cases. A
derivation of the design formulas
follows the main text.

Many AM broadcasters are faced with the problem
of reducing their transmitter output power by a sub-
stantial amount in order to comply with the require-
ments of Section 73.99 of the Commission Rules. When,
for example, the power of a l-kw station must be
reduced to approximately 100 watts, it usually is not
practical to use the existing transmitter. The broad-
caster would ordinarily have to purchase an additional
transmitter (type approved) capable of operating at the
lower power. From an economic standpoint, this is
not practical since, at most, a broadcaster could only
gain approximately two hours per day of operating
time in the winter months. Therefore, the need for a
simpler method is indicated. The following is one way
of achieving power reduction for presunrise operation
at a minimum cost.

Technical Approach

It is proposed to use the regular transmitter oper-
ating at its normal output power into a simple power-
divider network, as shown in Fig. 1. This circuit prin-
ciple was developed in the early 1940’s by Earl Travis.
In December 1943, Dr. George H. Brown of RCA
introduced the technique' for power dividing in a two-
tower directional system.

Principle of Circuit

Fig. 1 can be redrawn as shown in Fig. 2. For the
sake of discussion, capacitive reactance is shown in
the dummy-load branch. The circuit is basically a
simple power divider. There are two equal (50- or
70-ohm) loads; R, is a dummy load, and R, is the
transmission-line resistance or common-point resistance.
Reactances Xc and X, are of opposite sign, and their
values are uniquely determined by the power-division
ratio and input impedance desired. In this case, the
input impedance is selected to match the output of the
transmitter (50 or 70 ohms). The power division is
determined by FCC limits on power delivered to the
antenna. The power division can be expressed in terms
of a factor, M', as follows:

./ P(hi)
bl = P(low)

where,
P (hi) = power dissipated in dummy load, and
P (low) = power fed to transmission line or com-
mon point.

The value of reactance for the high-power leg (dummy
load) is:

*President, Multrontes, Inc.

' Brown, George H. and John M. Baldwin. “Adjusting Unequal Tower
Broadcast Arrays, “Electronics, December 1943,
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Yes, for a limited time only, you
can reccive a frec copy of this helpful
new book, with absolutely no obli-
gation! Just mail the coupon.

Published by DYNAIR, the lead-
ing manufacturer of video distribu-
tion switching equipment, this book
describes the most commonly used
methods of switching video and other
high-spced information.

The photographs shown are sam-
ple pages reproduced directly from
“Video Switching Techniques” and
arc typical of the material presented.
Pictorial diagrams, supported by
casy-to-understand text, charts and
tables, make system design simple.

The book includes useful design
information for a multitude of sys-
tems, both video and audio...sim-
ple and complex. (High-speed data
can be switched using the same tech-
niques.) It covers everything from a
basic singlc-output monitor switcher
to complex dial-controlled, solid-
state switching systems which can

November, 1967

control hundreds of inputs and hun-
dreds of outputs. The problems in-
volved in selecting the basic type of
switcher for a particular application
are discussed with the exact equip-
ment detailed for many systems.

DYNAIR switching equipment is
installed in numerous facilities
throughout the world. We have sup-
plied remote-controlled, solid-state
systems with as many as 14,000
crosspoints. One system provided in-
dependent selection of 135 inputs by
390 separate monitor locations —
probably the world’s largest solid-
state switching system.

The practical building-block con-
struction techniques used in solid-
state DYNAIR equipment allow
systems of virtually any size to be
easily assembled. Plug-in modular
etched circuit boards are used
throughout, assuring eas¢ of main-
tenance. Custom control panels can
be provided to suit almost any re-
quirement.

DYNAIR also manufactures a
variety of other television equipment,

If you switch signals

...you need this book.
(It's FREE from DYNAIR!)

including solid-state modulators and
demodulators, solid-state modular
video amplifiers, and solid-state side-
band analyzers.

If you use this type of equipment,
you might like to receive either our
complete catalog or literature on spe-
cific devices; DYNAIR product in-
formation is available upon request
— just write, outlining your needs.

I" |
[
: DYNAIR |
[ ELECTRONICS, INC. I
% SAN DIEGO, CALISORNIA
| — 0 !
| 6360 FEDERAL BLVD. e SAN DIEGO, CALIF.
|
| ZIP 92114 o PHONE (714) 582-9211 '
i Please send me a free copy of "Video |
| Switching Techniques'’ :
ﬁ NAME |
| TITLE }
[
| COMPANY ]
[
1' ADDRESS |
: CITY :
| |
STATE 2IP NO
e - |
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Fig. 1. "Power-dump” network may have either L or C in high-power branch.
X = + & ( 3) Allowable power to nondirectional
- M tower or common point = 100 watts
(4) Transmitter output impedance
where, (Z = R at resonance) = 50 ohms
X = value of positive or negative reactance in The following quantities may now be computed:
ohms, ( 5) Transmitter output current for 1 kw
Ry = dummy-load resistance in ohms, and
M' = power-division factor defined above.

The value of the reactance for the low-power side (an-
tenna or common point) is:

X = = MR,
where,
X = value of positive or negative reactance in
ohms,
M = power-division factor, and
R, = transmission-line or common-point resistance

in ohms (must be equal to dummy-load re-
sistance).

It will be demonstrated later that the input impedance
will always be equal to the dummy-load and transmis-
sion-line impedance, provided certain design require-
ments are met. This is the same as saying that, under
the required conditions, the feedpoint resistance will
always remain equal to the load resistance, regardless
of the power division between the two branches.

Practical Application

Assume a station is required to reduce its presunrise
power to 100 watts from 1kw. The known parameters

I= = 4.48 amperes

\/E _ /1000
R 50

(6) Allowable line current to antenna or
common point for 100 watts

/100
50
(7) Current in dummy load for 900 watts
which must be dissipated

/500
50

( 8) Power division factor

I= = 1.41 amperes

I= = 4.25 amperes

._ / Pi) _ /900
M Plow) V 100 &

(9) An inductor is selected arbitrarily for the high-
power branch. The reactance is:

are: _ R, 50 _
(1) Frequency (assumed) = 1300 kHz X =+ M 3 U5y Glams,
(2) Transmitter output = 1000 watts

POINT A  FEED POINT T = Transmitter (50- or 70-ohm unbalanced output)

Xc = Variable capacitor in series with dummy-load resistor
(50 or 70 ohms)

Rp = Dummy-load resistor (50 or 70 ohms) having proper
power rating (Note: Station loads should be able to handle

ET 1300 watts for a 1-kw station.)

XL = Variable inductor in series with transmission line to non-
directional tower, or common point of directiona! antenna
system

Ro = Resistance of transmission line (50 or 70 ohms)

Er = Voltage across transmitter output

Fig. 2. Power-division circuit may be redrawn for more convenient analysis; explanation of terms used is included.
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(10) Inasmuch as an inductor was selected for the high-
power branch, a capacitor must be used in the
low-power side. Its reactance is:

Xe= —M'R;g = —3 X 50 = — 150 ohms.
(11) The magnitude of X, and X, have now been de-

termined. The inductance and capacitance now can
be found readily. The inductance is:

159X,

L= G

where,
L = inductance in microhenries,

1 . .
159 = . X conversion factor for units,
ks

X. = inductive reactance in ohms, and

f = frequency in kHz.
Then:

159 X 16.7 _
L = =25 = 2.04 sh.

(12) The capacitance is determined by:

_ 1.59 x 10¢
S X
where,
C = capacitance in pf,
1.59 X 10* = 2—1X conversion factor for units,
ks
X¢ = capacitive reactance in ohms, and
f = frequency in kHz.
Then:
_1.59 X 100 _
C =7300 x 150 ~ 816pF

A variable capacitor is required, or a coil and
capacitor in series may be used.

The circuit can now be redrawn as shown in Fig. 3.

Circuit Variations

It is obvious that different combinations of X, and
Xc can be selected to accomplish other desired power
reductions, and the exact values of components will be
governed by the amount of reduction required and the
power levels involved. In many cases, it will be more
practical to use variable capacitors and inductors to
obtain the exact power ratio; in others, a fixed capacitor
can be made equivalent to a variable unit by using a
variable or tapped coil in series with the capacitor.

November, 1967

Xe~ 1500
C = 816 pf

Rg=50 Q

P = lkw
@ F = 1300kHz

Fig. 3. Calculated values for power-divider components.

Switching, particularly where directional arrays are
involved, can become tricky; however, the primary
advantages of using such a “power-dump” circuit to
dissipate power are:

(1) The transmitter operates at its normal output
power regardless of how much the antenna power
must be reduced.

(2) Most stations already have a 50- or 70-ohm dum-
my load that can be used for the system.

(3) No adjustments of the transmitter controls are
needed.

(4) The cost for a well-engineered system is materially
less than the purchase price of a new lower-power
transmitter.

Fig. 4 illustrates a typical power reduction setup, as-
suming a nondirectional operation.

In practice, the station dummy-load and transmis-
sion-line or common-point resistance may not be exact-
ly the same (several ohms difference). Hence, the
adjustment of the circuit will have to be altered by
changing the ratio of reactances, and a slightly different
common-point resistance will result. Because the entire
network will have to be measured to determine true
powers, the proper common point can be determined
by bridge measurements for the Commission.

The FCC

The circuitry described has been used in licensed
stations to reduce the E.. of a directional array when
tall towers are used for vertical suppression, but the
high E,,. of a tall-tower array cannot be tolerated. It
should be acceptable to the Commission for reduction
of power for presunrise operation. The Commission may
accept logging of the dummy-load meter in lieu of a
new antenna-base meter. It might also require an addi-
tional line meter on the output side.of L to demonstrate

EXISTING H
COMMON-POINTF ] 1R = 500j0
METER | R AR ! i 0
@ " L I == I
v 1
! COAX TO
¢ ENCLOSURE~.! ANTENNA
4
T ]

e !
50Q jo FEED-THRU INSULATOR ==~ (DUMMY LOAD)

LD

Rp=50Q =

Fig. 4. Switching system for presunrise power reduction.
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To put a TV color camera chain on the air the day
you get it is quite a feat, but KLFY, Lafayette, La.,
did it. Of course, it was a Norelco 3-Plumbicon*
PC-70 Camera. That made the c¢riginal setup and
checkout easier because the Norelco is inherently
simpler than any 4-tube camera.

KLFY has since discovered that everyday setup
is likewise fast and simple. Maintenance is low,

reliability is high. And why not? There’s one
less of everything electronic in the Norelco, and
what there is has been designed to give you the
sharpest, and the meost faithful coler picture the
state of the art permits.

Check into the PC-70, and very likely you’ll
soon be checking one out in your studio. Write
us or our sales representative, Visual Electronics.

*Registered trademark for telewision camera tubes.
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KLEFY TV News Director Dud Lastrapes interviewing Mr. Herbert Brown, Chairman of the Board of locul advertiser Brown’s Thrift City Pharmacies

Thomas G. Pears, Gen. Mgr., KLFY, Lafayette, La.:
“Although we had done some prewiring, we
were amazed at the speed with which we got
our new PC-70 chain in operation.

It was delivered right on schedule and a
factory representative was / " PHILIPS BROADCAST |
ore/co

on hand to help with the installation.
The picture is great!”

EQUIPMENT CORP.

299 Route 17, Paramus, New Jersey 07652

Circle Item 16 on Tech Data Card




Fig. 5. Diagram shows nomenclature used in derivation.

the lower line current. However, the station attorneys
and consulting engineers will have to explore this
matter and obtain appropriate waivers if possible.

Conclusion

A simple power-divider technique has been explained
which allows a broadcaster to meet presunrise power-
reduction requirements without the purchase of a new
transmitter. The principle is electronically straightfor-
ward, and it should provide a practical, economical
method of power control for broadcasters who need to
reduce their power by a ratio greater than about 2:1.

The author wishes to thank George P. Howard and
J. K. Raines of the Multronics engincering staff for
their suggestions and derivations.

Derivation

The following derivation shows the validity of the
power-division method that is the subject of this article.

L . 1 .

The corresponding admittances are

1

Y =R F L

and

and the admittance of the network is therefore

_ 1 1
_R+ij+R_._l_
IC

Y

R—jw%+R+ij

R + jol) (R = j=)

. 1

T L . 1
(Rf+-2) il = =5)

The impedance of the network is

A O
_]_ _(R + 6) + j (oL mC)
Y - .

)

7 =

. 1
2R + ] (wL -I

Rationalizing and collecting terms results in

Z =7

2R + j (L — —<)

i . ]
= 2R — j (oL — —)

oy I I S
2R (R +C)+R(mL mC) + (R C)(o)L - )

The nomenclature used in the derivation is shown in
Fig. 5.

First it must be established that the input impedance,
Z, of the network is equal to R. The expression for Z
can be developed as follows.

The impedance of the left branch is

Zl =R + ij,
and the impedance of the right branch is

Z.=R — j=.

34

1

4R? + (oL — =

)2

For the purpose of this article, it is required that Z
be purely resistive and equal in magnitude to R. The
reactive component of Z must therefore be equal to
zero. This component is

.~ Ly L -4
j(R Dol
) — l 2
4R? + (oL ——=)

Setting this quantity equal to zero yields

: L 1y
(R* = 2) (L ——=) = 0.

BROADCAST ENGINEERING




Either of the solutions

1
ol = e
and
L
R: = —
C

satisfies this equation.
It is also necessary that the resistive part of Z be
equal to R:

1
) C

2R (R? +%) + R (oL ——x)?

b

. 1
4R* + (ol mC)

L. ?
2R (R® +f) = 4R3

N
L

IR MR D — 3

2RY + 2R = 4R°

It has alrcady been determined that if lé— = R Z is

purely resistive. Under this condition

2R# + 2R (R¥) = 4R,
4R* = 4R,

and the network impedance is therefore equal to R
(when R has the same magnitude in both branches), as
desired.

The relationship of X, X, and R can now be es-
tablished. It is known that

L
R: =—
C’
L :_X_I‘.,
and
X

From these relationships, it follows that

_ X5 oXg

R: =2k (— 222)

w
= - X[JX(*.
Tt is still necessary to determine the relative magni-

tudes of X, and X.. required for a given power division.
The ratio of power in the two branches may be written

November, 1967

1t can be seen that

V.
lo] = —n——
M= Te=
and
=——

Pe
Then
A\
v o VR EXD _ R+ X,
VTE R: + X.()2 ’
VR X
Since it has already been established that R* = — X, X,
it can be seen that
R‘l
XL - 'X_“‘ B

Substituting this expression in the previous equation
gives

R + (= R0y
M= Xe
R + X.2

Clearing of fractions and rearranging terms gives
MXt + (M — 1) R2X* — R = (.
Factoring gives
(MX¢® — R (X# + R2) = 0.

The solutions relating M, R, and X, are obtained as
follows:

RZ
X =N
Xe = =+ o + —_IR
M vV

(Only the negative solution has physical significance.)
It is known that
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Substituting the expression for X gives

=+v/MR.

The values of X, and X have now been defined in
terms of R and the power-division ratio. With the
reactances known, the values of L and C can be de-
termined easily:

XL =V MR,
oL = \/ MR,

and
R
L=\/ Mm‘

Also,
- __R_
Xe = M
_1___R_
oC \/M’

and

VM

2R

When f is in kHz and R is in ohms, the inductance
in microhenries is

L =159~ MR

f

s

and the capacitance in picofarads is

C=159 X 10“-——'ﬂ§4.

Expressions for the network current magnitudes may
now be derived. By inspection, the total (input) current

can be seen to be
P
|IT| = \/—i‘—T

Similarly,
- /P
-
and
_ /P

36

It is possible to express Pc and P, in terms of
P: and M, as follows:

Py = P, + Pq,
and
Po_
P.
Rearranging gives
P, =Py — P¢
and
P; = PLM.

Substituting the latter into the former results in
PL = PT - PLM.
Solving for Py, gives

Pr

b= T ™M

and substituting this result into the expression for I
results in

SV TFMR T JTEaM VY )

Similar manipulations can be used to arrive at an
expression for I¢:

Po=Pr— Py, P, = 1%

Po = Pr —1%

Po =t Pr

=/ P
LR

R
1+ M R

For convenience, the formulas derived above are
tabulated here.

BROADCAST ENGINEERING




v MR
Sl —159X108‘M

2+fR fR

.

L=\/M%= 159 —~ I;/IR

where,

C is in picofarads,

L is in microhenries,
f is in kilohertz, and
R is in ohms.

_/E
‘ITI _\/—;-

P
vV1i+M

I
° 1+ M R

Note that in the foregoing derivation, there was no
requirement that M be greater than 1. This means that
either circuit branch may receive the greater power;
if P is the larger power, M is a whole number, and if
P, is the larger power, M is a fraction. In either case,
the proper results can be obtained.

In the main part of the text, factor M' was defined as

P(hi) . _ /P _
/ Faiowy - HPe>PuM = [ 5i= VM.

The formula given in the text for X in the high-power
Ry
Ml
the branch is capacitive). The reactance in the low-
power branch is given as X = M'Ro. Since M' = \/ M,
and R, = R, = R, the text equations reduce to

branch is X = —

(negative in this case because

R . .
X = — for the capacitive (high-power) branch
VM 5 S
and X = \/ MR for the inductive (low-power) branch.

By the same reasoning, if it is desired to make the

high-power branch inductive, M' \/— = — The

=\fMR

text equations become X = +
1 1/\/ M

for the inductive (high-power) branch, and

X=——1—R=—~—B——

N R

for the capacitive (low-power) branch. Thus the two
sets of reactance formulas are equivalent as far as the
results obtained are concerned.

Sample Calculations

The following two examples illustrate the use of the
above formulas for determining power division and
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component values. In the first example, the capacitive
branch carries the high power. In the second, the in-
ductive branch carries the high power.

Example 1

(a) Frequency—1300 kHz

(b) Transmitter power—1000 watts, SO ohms match

(c) Power reduction—10:1

(d) Use a capacitor in series with dummy load for dis-
sipating 900 watts of power.

Then:
M= 100090—0900= ?gg =9
Iz = / —lg% = 4.47 amperes
.| = \/T1_+_ Lo _ 1.41 amperes
I =,/ ——= TE9 + v/ 1(;(())0_ 4.24 amperes
X,, = 50\/9 = 150 ohms
X = —\5/—03= — 16.7 ohms
L =18 XX VENSTYP
c == 595<>)< >i0;3>(;0\/_ = 7350
Example 2

(a) Frequency —1300 kHz

(b) Transmitter power—1000 watts, 50 ohms match

(¢) Power reduction—10:1

(d) Use an inductor in series with dummy load to dis-
sipate 900 watts.

Then:

M — 1000 =900 100 _ 1
900 900 9

el =/ %9—= 4.47 amperes

I = ! 0 _ 4.24 amperes
STV 50 T

1/9 1000
1+1/9

I = = 1.41 amperes

X, = 50 %= 16.7 ohms

Xec = — 50 = — 150 ohms

V'1/9

[ 159 X 50 X VTS _ o o

1300
1.59 X 10~ X \/1/9
c= 50 X 1300 = Blop! A
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Radio Station WLW presents a
history as colorful and as varied
as that of any station in the United
States. It is unique in that it is the
'y only station ever granted authority
to broadcast with 500 kw, in the

so-called super-power range.

The station actually began with
20 watts of power as a hobby of
Powel Crosley, Jr. The first license
for station WLW was granted by
the Department of Commerce in
1922, Mr. Crosley was authorized
to broadcast on a wavelength of
300 meters with a power of 50 watts
on three evenings a week.

Growth of the station was con-
tinuous. It operated on various
wavelengths and power levels until,

U in 1927, it stabilized at 700 kHz
and, in 1928, on 50 kw. The super-
power era began in May, 1934 and
ended in March, 1939, when the

b FCC ended WLW’s full-time broad-

! casting with 500 kw.
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A distilled-water tank (200 gals)
and an emergency-power generator
appear in the background. The motor-
generator in the foreground was used
to generate 125 volts DC for control
circuits in the 500-kw transmitter.

“the Nation’'s Station”

by William E. Burke

A visit to one of the nation’s historic
radio transmitting facilities.

The WLW antenna reaches a height
of 708 feet today since the flagpole
was removed. The antenna rests on
a single ceramic insulator which sup-
ports the combined force of 135 tons
b of steel and 400 tons exerted by the
' guys. The tower is guyed with eight

1%-inch cables anchored 375 feet
from the antenna base.
At one time, this antenna was aug-

r mented by a directional antenna to
i1y protect CFRB, Toronto, when WLW
Cey was using 500 kw at night. This di-
*f rectional system was unique in that

it was the first designed to achieve
both horizontal directivity and verti-
cal-angle suppression.

Audio and monitoring equipment
now in use with the 50-kw transmitter
is contained in these racks.

BROADCAST ENGINEERING



the flagpole on top, the tower extends 831 feet. The
spray pond in the foreground is cooling water at the
rate of 512 gallons per minute. Through a heat exchanger,
this water then cooled 200 gallons of distilled water in a
closed system. To the right out of the picture is the
station’s own power substation. While operating on 500
kw, the transmitter consumed 15,450,000 kwh per year.

One side of the well-equipped machine shop is seen
here. Station personnel construct the majority of the
equipment needed at the station, and they have more
than adequate facilities to do so.

November, 1967

This scene shows the WLW complex at Mason, Ohio
as it appears today. In the foreground is the spray cool-
ing pond which is now operated at a bare frickle to
cool the 50-kw transmitter in use. Immediately behind
the pond is the transmitter building. The second building
was originally constructed in 1925 to house the facilities
of WSAI and for staff living quarters. The square tower
behind the transmitter building was erected during World
War Il as a guard tower for use while WLW was conduct-
ing Government work.

This photo shows another side of the machine shop.
Equipment in the shop includes gas, are, and spot weld-
ers; metal lathe; milling machine; engraving machine;
sander; drill press; metal brake; table saw; and others.

-
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This view shows a power-amplifier tank circuit partly
assembled. It is one cf three identical units. Circa 1934.

This view shows the WLW transmitter building as seen
from the front entrance. The 50-kw exciter appears at the
left, the 500-kw amplifier-modulator is in the background,
and the audio control room is at the right. Circa 1934,
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Modulation transformers weighing 37,000 pounds each
were installed in the basemert of the transmitter building.
Circa 1934,

Three plate transformers (left), a rectifier filter reactor,
and a modulation reactar were installed outside the trans-
mitter building. The protective fence had not been installed
when this photograph was taken. Circa 1934,

WLW'’s 500-kw transmitter ard control console looked
like this in 1934, The contract for construction of the
transmitter was awardea to RCA in February, 1933. Tests
began on January 5, 1934, and full-time operation
began May 2, 1934. The cost of the transmitter and
associated equipment was approximately $400,000.

Operation on 500 kw continued until March 1, 1939
except for a short period when a directional antenna
was being installed.

EM !

BRCADCAST ENGINEERING



The view above shows water-cooled UV-862 tubes in
one of the two modulators of the 500-kw transmitter.

The RF transmission line to the an-
tenna is 775 feet long and has a surge
impedance of 100 ohms. The outer
tube has an inside diameter of 9.78
inches, and the inner tube has a

The water-circulating and heat-exchanger installation
is in the basement. All water pumps are installed in dupli-
cate for utmost reliability and safety.

diameter of 17 inches.

These shelves show a portion of
the wire and cable kept in stock
at the transmitter. With a similar
stock of other components, station
personnel have adequate means to
construct any item of equipment.

November, 1967

There are two 50-kw transmitters at WLW. In the foreground is the trans-
mitter designed by Ronald J. Rockwell and built by station personnel. This is
WLW’s main transmitter and features an audio response from 20 Hz to 20 kHz.
Just beyond this transmitter is a completely rebuilt Western Electric unit.
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Stereo Statesman Console —features 5 stereo
mixing channels from 11 inputs. Full audio
switching. New jlluminated program keys.

10,000-Watt AM Transmitter BC-10H — only
5 tubes! Lowest tube cost of any 10,000-watt

AM transmitter. New overall design.

GATES

SOLID STATESMAN
BROADCAST PRODUCTS

Now the dependability of Gates Solid States-
man circuitry can be yours. Fewer tubes,
lower replacement costs. Dramatically re-
duced heat dissipation. AM, FM and audio
- the complete Gates Solid Statesman line
is recognized the world over for excellence
of design and unquestioned reliability. More
than ever. . .the soundest sound in radio
broadcasting is the new sound of Gates.

: GATES
[ names

GATES RADIO COMPANY
1 QUINCY, ILLINOIS 62301, US.A.
i A subsidiary of Harris-Intertype Corporation

Criterion Cartridge Tape System — standard
of the broadcast industry, Direct drive de-
sign, 0.2% speed accuracy, quiet solenoid.

Remote Amplifiers — choice of 1, 2, 3 or 4
channels. All Solid Statesman models rugged,
compact ... with modern flightline styling.

Circle Item 17 on Tech Data Card

Gatesway |l Console — 8 monaural mixing
channels from 18 inputs. Provides for-remote
announcer operation of studio mike channel.

5,000-Watt FM Transmitter FM-5H — only two
tubes! 100% 