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At each of the following locations you
will find a broadcast specialist who is
ready to help you with your problems:

l“l’L

36 W. 49th Street

NEW YORK 20, N. Y. 522-533 Forsyth Bldg. 1355 Market Street
Forsyth and Luckie Sts., N. W. SAN FRANCISCO 3, CALIF.
718 Keith Bldg. ATLANTA 3, GEORGIA
CLEVELAND 15, OHIO 1560 N. Vine Street
221 W. 18th Street HOLLYWOOD 28, CALIF.
666 N. Lake Shore Drive KANSAS CITY 8, MO.

CHICAGO 11, ILLINOIS Harper-Meggee Bldg.

1907-11 McKinney Avenue Republican and Terry, N.
1625 “K" Street, N. W. DALLAS 1, TEXAS SEATTLE, WASH.
WASHINGTON 6, D. C.

BROADCAST EQUIPMENT ;

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J.

In Canada: RCA VICTOR Company Limited, Montreal



Broadcast News

AM-FM.TELEVISION

Published by the

RADIO GORPORATION OF AMERICA

ENGINEERING PRODUCTS DEPARTMENT ... CAMDEN, NEW JERSEY

NUMBER 54 APRIL, 1949
Subscription Rate $2.00 per year. Single copy 50¢.
JOHN P. TAYLOR, Editor JUDY J. ALESI, Ass’t Editer

W. O. HADLOCK, M. L. GASKILL, Associate Editors

Contents

THE NEW PORTABLE TAPE RECORDER . . . . . .bHyv W, E. Strwart
WENR-TV . . . . . . . .by E. C. HorstmaN anD J. M. VALENTINE
TELEVISION FILM RECORDING . . . . . . . .by R. V. LizrLe, Jr.
THE PHILOSOPHY OF OUR TV SYSTEM (Part Il) . . . by Joun H. RoE

RCA COMPLETES SIXTH TV CLINIC

WCAU-TV . . . . . . . . . . . . . . . by Joun G. LitcH

HOW TO GET THE BEST PICTURE OUT OF YOUR
IMAGE ORTHICON CAMERA . . . . . . . bv H. KozaNOWSKI

THE “BERKSHIRE“—A RADIO-PHONOGRAPH BUILT TO
TRANSMITTING EQUIPMENT STANDARDS . . . .bv MarviNn Hosss

Copyright
Radio Corporation of America
RCA Victor Division
Camden, N. J.

RINTE
13 N 2]

u. s A

14

37

43

74

OUR COVER for this issue, as you have long ago
discovered, is reproduced from a color photo of
the portable model of the new RCA Tape Re-
corder. This recorder, designed especially for
Ibroadcast station use, has been a long time in
the works. Tape recording is a relatively new field
—it took time to design, test, and take the bugs
out of this new unit. But it’s here now—and you’ll
find it worth the wait.

Those of yon who read this at the NAB Con-
vention can see the new recorder in operation in
our exhibit space. Those less fortunate can get a
relatively quick look at one by ordering now.
Deliveries start June 1 for the early birds.

KINEPHOTO equipment also comes in for atten-
tion in this issue. The article by Ralph Little,
starting on Pg. 32, describes the Type TMP-20B
Kinescope Recording Equipment which RCA en-
gineers have developed specifically for TV station
use. Pre-production models of this equipment, which
is suitable for use with either the single (simul-
taneons sonnd and picture) or the double (sepa-
rate sound) method of recording, have bezn tested
by all three of the networks with relatively good
results. Although there is still considerable differ-
ence of opinion as to the extent to which kine-
scope recordings will ultimately be used, there is
no doubt in anyone’s mind that they will have an
important place—a place which will equal, some
believe, the place of transcriptions in sound broad-
casting.

First shipments of Type TMP-20P Recorders
from regular production are just now beginning.
Those of you attending the NAB Convention can
see this equipment in full scale operation in our
exhibit space. Those who miss it there can see it

in New York at the ABC, CBS, or NBC studios.
TV STUDIO MODELS, not one, but four, will

be another interesting feature of our exhibit.
These models—representing four different sizes of
stations, from “acorn” to “network key”—have
been very carefully worked out. They are accu-
rately scaled and all of the equipment units are
represented by scale models arranged as suggested
by the best brains in tlie business. If you have
TV layouts on your mind, don’t fail to see these
models And if you get ideas about having a model
of your own dream station—well, maybe we can
help you.

5 KW FM TRANSMITTER, a new and rather hot

jtem will also be on display. This transmitter
solves the problem of the station that can’t quite
get 20 KW—or whatever your ERP is—with a
3 KW transmitter, but hesitates about jumping to
a 10 KW. With a 4-section Pylon (gain of 6) this
transmitter will give you an ERP of 30 KW (less
line loss). With an 8-section Pylon (gain of 12)
you can have 60 KW ERP (less line loss). That’s

a lot of radiation for the money.

WCAU-TV story (Pg. 52) hits a new high in TV
station stories. Here is a station that was planned
by men whose experience encompasses the whole
life span of broadcasting, equipment installed the
way every station engineer would like to install
a station, and an operation which in a year has
overlaken and leapfrogged most of the field. But
you don’t have to take our word for it. Read the
story yourself—you’ll find there’s conviction in
every word of it—and a lot of tips for all new
TV starters.

WENR-TV story (Pg. 14) is another swell one.
Here is a station which was installed in a tre-
mendous hurry, took the air under great pressure,
and has operated that way ever since. Are the
“weener” boys a harried lot? Not a bit of it
This crew, under Ed Horstman, ABC’s Central
Division Engineer, is doing an outstanding job
without getting the least excited about it. They
say their RCA equipmen: is performing beauti-
fully and that it’s flexible enough to do almost
anything the program department can dream up—
so why worry. Okay by us, boys—and thanks for
the plug. Oh yes, we almost forgot, a trip to
WENR-TV is on the NAB Engineering Program.
Don’t miss it—this is worth seeing—and their hos-
pitality-—peace, it’s wonderful!



SUPER-POWER FM STATION WTMIJ-FM, MILWAUKEE.

Operates an RCA BTF-50A FM transmitter in
conjunction with a high-gain antenna. Total
effective radiated power, 349 kw—on 93.3 Mc!

T

SUPER-POWER FM STATION WMCF, MEMPHIS.

Operates an RCA BTF-50A FM trans-
mitter in conjunction with an RCA
4-section Pylon antenna mounted on
a 750 foot tower. Total effective radi-
ated power, 260 kw—on 99.7 Mc!

THESE PIONEER STATIONS are making EM
service over wide areas a PRACTICAL REALITY
—with the world’s first commercial 50-kw FM trans-
mitter, the RCA BTF-50A/

This is the transmitter that makes it possible to
link 50 kilowatts of FM power to a high-gain
Pylon antenna and deliver up to 600 kilowatts of
effective radiated power—enough radiated power to
serve primary areas out to 200 miles radius from
mountain elevations.

Here are some of the transmitter features:

50,000 watts output on any specified frequency in
the 88-108 Mc band. Grounded-Grid amplifiers
and simplified single-end r-f circuits (all class C)
for extreme stability and easy tuning. Direct FM

World's first super-power

SRR 5 R

SUPER-POWER FM STATION WBRC-FM, BIRMINGHAM.
Operates a type BTF-50A FM transmitter in
conjunction with an RCA 8-section Pylon—
880 feet above average terrain. Total effective
radiated power, 546 kw—on 102.5 Mc!

to give high-fidelity FM simply and directly (less
than 1% output distortion over the range of
30-15,000 c.p.s.). Only 43 tubes in the entire trans-
mitter—and emergency operation may be main-
tained with only 24 tubes. Onrly 16 different tube
types all told. One high-voltage supply for all high-
power needs. Hi-lo power switching for emer-
gency 8-kw operation. Complete air-cooling ...
using two independently-operated blowers.

Type BTF-50A ... immediately available from stock
...can be used with an RCA FM Pylon to improve
your station coverage materially. For the facts, see
your RCA Broadcast Sales Engineer. Or write Dept.
28B, RCA Engineering Products, Camden, N. J.
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(Courtesy of WGAR, Cleveland, Ohio)

Replace your old AM fransmitter

wit BPCA's newr 50 #v..

The revolutionary, new power triode
RCA-5671. This tube takes about one-
third the filament power of conventional
triodes used in the older transmitters.
It reduces hum modulation below FCC
requirements—even without r-f feedback.
The two 5671’sin the r-f power ampli-
fier and the two in the class B modulator
of this 50-kw transmitter save up to
$1200 yearly in filament power alone.




shipped!

The finest transmitter ever built . . . the
RCA type BTA-50F1. It takes less than 100
kilowatts of power to run it. The supervisory
control console is standard equipment!

Today more than 50 RCA “‘Fifties’” have been
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and wrife off ifs cost in power savings alone?

It’s a fact—as one high-power broad-
caster recently discovered to his com-
plete satisfaction. Now, he has replaced
his old transmitter with an RCA “fifty”
—and it's paying its way.

HERE’S WHY.

Using revolutionary new RCA-5671
power triodes that take about one-third
the filament power of conventional types,
this RCA “fifty” saves up to $1.75 an
hour in power savings over former trans-
mitters—$12,000 a year, based on daily
operation at 19 hours a day!

Many other new design features, too,
that add to this $12,000 savings.

For example, only 29 tubes and 11 differ-
ent tube types—Iless than balf the number
used i many present 50 kw’s. True walk-in
accessibility that assures faster maintenaice
—and lowers maintenance costs. Ultra-
conservative operation of tubes and com-
ponents—avith less chance for ountages.

Here is a 50-kw AM transmitter that
does away entirely with oil circuit break-
ers—assures faster circuit protection.
Because the BTA-50F1 operates from a
460-volt supply. Control and protection
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circuits are the most complete of any
transmitter designed to date. And its true
unified front (an integral part separate
from compartment enclosures) facilitates
flush-mounting—gives your transmitter
room a new, handsome appearance.

Write for the new 28-page brochure
about the BTA-50F1. It gives you com-
pletederails—including circuits, specifica-
tions, floor plans, and full-page pictures
showing the remarkable accessibility of
this great transmitter.

Dept. 19HC, RCA Engineering Prod-
ucts, Camden, New Jersey.



THE /New: PORTABLE TAPE RECORDER

By
W. E. STEWART

Audio Engineering Section

Engineering Products Department

General Description

The new RT-3A portable magnetic tape
recorder is designed to fulfill the broad-
casters’ needs for a lightweight, low cost
recorder with true studio quality. Incor-
porating a smooth, two-speed, synchronous
motor drive, the RT-3A is well suited for
recording programs at remote points with

with studio performance

the same high fidelity that is possible in
the studio. The advantages of simplicity
and ease of recording, long playing, easy
editing are equally desirable for all appli-
cations. The RT-3A is a complete recording
system consisting of an amplifier unit and
recording unit plus necessary interconnect-
ing cables. The amplifier unit includes a
recording amplifier, playback amplifier and
“erase” and bias oscillator.

The recorder proper
board, capstan drive, magnetic recording
head plus all necessary controls which are
front-panel mounted for easy access. Two
recording speeds (15 in./sec. and 7.5

includes motor

in./sec.) are provided. With the tape
speed set for 15 in./sec. the reels hold
sufficient tape for 33 minutes of continuous
recording with 15 KC response, and by
the simple flip of a switch it is possible to
change the tape speed to 7.5 inches-per-
second (with 7 KC response) which pro-
vides sufficient tape for over an hour of
recording. The speed-control switch also
automatically applies the proper compen-
sation for both response positions.

The reel shafts are of the proper size
to accommodate RMA proposed standard
reels which are in use on many recorders
today, as well as the regular larger reel.

THE NEW PORTABLE
TAPE RECORDER — TYPE RT-3A

(Amplifier, at left — Recorder, at right)




With this smaller “RMA” reel, there will
be room for a half hour recording at 7.5
inches-per-second tape speed.

THE AMPLIFIER UNIT

Recording Amplifier

The entire RT-3A amplifier is contained
in a separate carrying case which also has
room for the connecting cords, reels, etc.
Cannon quick-disconnect plugs and recep-
tacles are used. The recording amplifier
circuit has sufficient gain to operate directly
from a microphone input. Impedances and
levels are correct for matching the new
BN-2A Remote Amplifier, or the OP-7
Mixer Preamplifier, if more input channels
are required. Also line terminals and a pad
are built in the amplifier so that recordings
may be taken directly from a 600-ohm line,
when desired.

An input gain control is provided at the
grid of the first tube, and three stages
of amplification using 1620 and 6J7 tubes
are provided with feedback applied to re-
duce distortion. It is not possible to ex-
press amplifier operation strictly in the
usual terms of gain, since the input is
normally measured in volts and the output
in current supplied to the recorder head.
Using a constant voltage input to the
amplifier, the output current to the re-
corder head follows the characteristics
shown in Fig. 4. The motor-selector switch
changes speed and amplifier recording
characteristic simultaneously, so that it is
not necessary for the operator to give any
thought to the proper compensation curves.

Although there has not yet been a
standard recording curve recommended by
the NAB, the curves in Fig. 4 are based
on extensive laboratory work and represent
favorable conditions for the usual broad-
cast program material. Other compensa-
tion curves may be obtained by the change
of a few simple R-C components.

The tube cathode currents may be ob-
served with the VU meter furnished by
simply throwing a meter switch. The VU
meter can also be switched to the record-
ing circuit for measuring recording levels.

FIG. 4 (at right). BRecording pre-emphasis curves
for 7.5 inches per second and 15 inches per
second tape speeds.

FIG. 2 (at right). Both units

(recorder and amplifier) are

easily portable for use on

remote recordings. Recorder

is being carried in operator’s

right hand—amplifier in his
left hand.

FIG. 3 (below). The RT-3A
amplifier unit with top cover
removed to illustrate access-
ibility of all parts and tubes.
Note that only high-quality
broadcast type componets
are used throughout.
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RECORDING PRE-EMPHASIS CURVE
RT-3A TAPE RECORDER

FREQUENCY IN CYCLES PER SECOND




“Erase’” and ““Bias” Oscillator

A single oscillator circuit supplies both
“erase” and ‘“‘bias” voltages. The oscillator
frequency is set at approximately 100 KC
<o that it is well above all audio frequen-

FIG. 5 (above).

cies. “Erase” and “bias” voltages are inde-
pendentlv adjustable and can also be
checked with the VU meter.

A calibration potentiometer is provided
so the bias setting may be accurately

W. E. Stewart, RCA Broadcast Audio engineer, points out features of plug-in

recorder head assembly to W. L. Babcock of Broadcast Equipment Sales.

adjusted and “zeroed” with the VU meter.
The calibrated scale makes it easy to ob-
serve the exact original setting, in the
event it is found desirable to make a later
recheck. However, these adjustments nor-
mally remain quite stable and seldom re-
quire change. With the “Record” knob in
“Off”" position, the recording head and the
output of the recording amplifier are short-
circuited and the plate power supply is
disconnected from the oscillator and record-
ing amplifier. Thus, accidental erasing or
recording is not probable. A pilot light
on the recorder panel is operated by the
“erase” current and gives a positive indi-
cation that the controls are in the position
for recording.

Playback Amplifier

The need for “blind” recording by the
operator is eliminated through the unique
design of the RT-3A amplifier unit. Tt in-
corporates a separate playvback and record-
ing amplifier, thus enabling recording and
simultaneous monitoring of the recorded
program-—which assures the operator that
all equipment is functioning properly.

The playback amplifier circuit consists
of three stages of amplification (tvpe 1620
and 6]J7 tubes are used). Compensation to
obtain the proper response from the pickup
head is provided in the feedback circuit of
the first stage, and is changed automatically
by the “speed-selector” switch. Like the
recording characteristic, it is easily altered
by a simple change of R-C components.
A gain control is employed between the
Ist and 2nd stages and amplification is
sufficient to feed a line level of 18
dbm. The front-panel VU meter can bhe
“switched-in” to meter the cathode cur-
rents, or measure the output level across
the line. Suitable binding posts are pro-
vided for line connections and a headphone
jack for monitoring.

THE RECORDER UNIT
Synchronous, Two-speed Motor

A unique mechanical arrangement using
a single motor provides convenient func-
tioning of the recorder without sacrificing
compactness and portability.

Recorder design includes a hysteresis
type synchronous motor with two windings
so that the speed mav be changed from
3600 to 1800 rpm by the speed selector
knob on the amplifier front panel. Tt is
this design feature which makes possible
instant change of speed and compensation

FIG. 6 (above). In this closeup view of the recorder, the stabilizer is partially visible at extreme
left—with recorder head assembly adjacent, and capstan drive at right-hand end of head assembly.
Note that pressure roller (in upper right of photo) is raised for a fast rewind operation.

simultaneously and eliminates mechanical
speed change devices.



Automatic Torque Adjustments

The motor maintains proper torque on
both the “supply” and ‘“take-up” reels
through a horizontal belt and friction drum
arrangement in which the drums float on
the belt, and the weight of the tape on
the reels applies essentially constant ten-
sion to the tape. Normal tape tension of
the RT-3A is such that head wear is ex-
tremely slow and long life is realized. A
knob near the center of the front panel
will lift either reel off the belt and de-
press the opposite reel in order to provide
a fast “forward” or “reverse” wind. The
same adjustment knob is used to lift the
pressure roller off the capstan drive during
these operations. Braking positions are pro-
vided to avoid snarling the tape at the
end of a fast winding operation. It is not
necessary to operate the capstan control
during rewind operations, since a cam
switch automatically energizes the motor.
In the neutral position of the rewind knob,
the motor is turned “off,” and the mechan-
ism is ready for operation (at recording
speeds) from the capstan control. “Re-
wind” of the entire reel of tape can be
completed in less than three minutes.

The use of two-sided reels mounted in a
vertical position avoids possibility of acci-
dents in which tape might become tangled
due to unskilled winding or accidental mis-
alignment. It also reduces the possibility
of an idle reel unwinding several turns
when the tension is slack; such as might
otherwise occur when a loaded reel is
placed on the hub, but not yet threaded.

Stabilizer

The stabilizer is an inertia device which
smooths out tape-tension variations coming
from the supply reel. It is a ball bearing
arrangement in which all rotating parts are
held to very close tolerances in order to
give the smoothest possible action, and
avoid irregularities due to eccentricities. A
fly wheel on the rear end of the shaft pro-
vides the necessary inertia.

Capstan Drive

Capstan drive is accomplished through
another belt coupled to a heavy fly wheel
on the rear of the capstan shaft. A ball
bearing carries the weight of the flv wheel,
while a sleeve bearing at the tape end
assures smooth tape drive. Comparatively
slow shaft speeds allow the capstan to be
large enough to minimize the effects of
eccentricity.

Quick Threading of Tape

The tape path leads from the “supply”
reel on the left of the recorder unit through
a stabilizer (see Figs. 6 and 7) to the re-
cording heads, then over the capstan drive
to the “takeup” reel. This arrangement
makes tape threading a simple process
which may be completed within a few
seconds. During threading, the recorder
rewind-knob is placed n the neutral posi-
tion with the capstan roller up—and cap-
stan switch “Off”. After positioning the

reels, threading consists of simply placing
the tape over the stabilizer, recorder head
assembly, and capstan. The capstan pres-
sure roller is then lowered on the tape, and
the equipment is ready for recording.

Recorder Head Assembly

The magnetic recorder head assembly is
one of the most important items in the
machine, since it is the point at which
erasing, recording, and reproducing take

place.

FIG. 7 (above). Threading
is quickly and easily accom-
plished in a matter of a few
seconds. Operator simply
lifts tape with forefingers
over the capstan, recorder
heads and stabilizer in one
operation.

FIG. 8 (at right). The single
3-unit plug-in head assembly
is simple to remove as illus-
trated here. High grade,
silver-plated, self-ejector type
connectors insure positive
contact and easy removal.




The 3-unit head assembly is a con-
venient, compact plug-in arrangement. Two
thumb screws loosen the entire assembly
and ejector springs force the contacts
apart, so that no pulling or prying of the
head assembly is necessary. Carefully
placed positioning pads assure exact re-
alignment when the assembly is replaced.
Under the outer cover, which serves as a
magnetic shield, are the three heads which
are mechanically similar, however, they
differ in important details.

The “‘erase” head is on the extreme
left where the tape travels over it first.
A 100 KC signal from the amplifier sup-
plies this head with erasing current. An
adjustment for this current is readily ac-
cessible in the amplifier and erase current

can also be checked by the VU meter on
the amplifier and the pilot light on the
recorder. This current adjustment is not
critical, nor is the adjustment of the mag-
netic gap in the core, or the azimuth
alignment. The ‘“‘erase” head is shielded
with copper to reduce external fields from
the 100 KC signal. The winding is low
impedance and a wide gap is used for
efficient erasing.

The “record” head is in the middle of
the recorder head assembly. It serves the
important function of placing the program
on the tape. The edge of the gap iu the
magnetic core must be a straight line, so
that the recording is always placed prop-
erly on the tape. It is also important that
the core gap be exactly at right angles to

FIG. 9 (below). The studio model, RT-4A recorder as it will be supplied in a desk type console.
Recorder and amplifier are “built-in” with extra desk-top space provided. Below the desk top, space
is available for mounting additional amplifiers.

10

the motion of the tape. (This is further
explained in a paragraph below.) The pro-
gram from the recording amplifier is ap-
plied to the recording head through a
matching transformer (high f{requencies
are somewhat pre-emphasized, see Fig. 4).
“Bias” current from the 100 KC oscillator
is supplied in series with the secondary of
the transformers. The VU meter on the
amplifier may be used to check the bias
current and the program level.

The “Reproduce” head is similar to the
“record” head since each has a balanced
winding and a mu-metal shield to avoid
possibilities of crosstalk or stray fields.
Each head has a single screw adjustment
to assure alignment of the core gap exactly
at right angles to the tape motion. These
adjustments are under the outer cover or
shield to avoid inadvertent operation during
regular recording conditions. Tape is ar-
ranged to give full contact with the heads
even under very light tape tension. Oper-
ation of the reel-control knob raises the
tape from the heads during fast winding
operations—and intermediate positions per-
mit a gradual lowering of the tape. Thus,
it moves lightly over the “reproduce’” head
and cueing operations are facilitated.

With a 15,000 cycle tone on a tape mov-
ing at 15 inches per second, one full wave-
length of the recorded signal will be only
.001 inch long. If the gap in the magnetic
head, across which the signal is produced,
is .001 inch wide then it would span just
one wavelength of the recorded signal and
no signal would be reproduced. This is the
so-called ‘“‘cancellation frequency,” well
known in sound-film, and magnetic-wire
and tape recording. It is obviously neces-
sary to use a gap shorter than this, prefer-
ably one which is less than half a wave-
length (.0005 inch). This gap must be
perfectly straight and smooth, and for this
reason tolerances in the micro-inch region
are employed in the design of the “‘record”
and “reproduce” heads. Lapping tech-
niques, similar to those used in optical
work have been developed by RCA for
application in the RT-3A magnetic heads.
In addition, these parts are assembled with
the same care and precision as that em-
ployed in producing microphones such as
the KB-2C and the famous 44-BX.

The Recording Tape

The RT-3A tape recorder is designed to
accept and wuse any of the standard
quarter-inch magnetic tapes now on the
market. The frequency-response compensa-
tion curves are adjusted for a high quality
tape which is available from RCA.
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Several points concerning good recording
practice with tape are included here. Over-
modulation in recording on tape should be
avoided since it results in at least three
undesirable effects: (1) It increases dis-
tortion, (2) It causes poor erasure so that
the next program will have more noise in
the background, (3) It causes the signal
to “soak” through from one layer to an-
other in storage so that a “crosstalk” effect
may appear in the program with time. It
has also been found that storage in warm
or hot places increases the tendency of the
program to ‘soak” through.

Where storage of program masters or
recordings for indefinite long periods are
involved, it may be more economical and
desirable to employ standard disc recorders
for this purpose. However, for simplicity
and ease of recording, hi-fidelity, long
playing, or ease of editing, magnetic tape
holds many advantages. It is also econom-
ically desirable where the program is re-
corded, reproduced and the tape is then
readv for another program.

Console Studio Model (RT-4A)

The RCA Tape Recorder will also be
available to the broadcaster in a modified
version (see RT-4A, Fig. 9) for studio
use which retains all design features of
the portable model. Tt will be suitable for
installing in the control room, adjacent to
the studio consolette or turntables.

The motor board will be similar in most
details to the portable version. It will em-
ploy connector sockets on the rear identical
to those used in the RCA plug-in amplifier
line. The studio unit is planned so that it
may be mounted in a standard 19 inch
audio equipment rack, or in a special desk
console provided for it.

The amplifier will also be similar to
the portable version, but rearranged for
plug-in or standard RCA type BR-2A
shelves. It will also easily mount without
any change in the special desk console, with
all controls conveniently arranged just
below the recorder in a nearly horizontal
plane with a work shelf in front of the
controls. i

There will be adequate room and stand-
ard mounting brackets available in the base
of the console for at least one shelf of
amplifiers. It is anticipated that a Iimiter
amplifier may be desirable for some record-

FIG. 10 (above). Typical recording setup in the conircl room with RT-3A recorder shown at left,
amplifier center, and turntable and consolette at extreme right.

FIG., 11 (above). In this view, the operator at the counsclette la “playing back” end putting the
recorded program en the air. Note that amplifler controls, turntable and consolette may all be easily

reached from the operctor's position.

"



ing applications, or a BA-4C for monitor-
ing in other cases. This arrangement may
be easily handled by a single operator from
his position at the studio control desk. Re-
mote starting and stopping may be easily
incorporated.

Similar equipment in a rack equipment
mounting (see RT-5A, Fig. 13) may be
desirable for small or crowded studio con-
trol rooms. The tape can be loaded and
cued at the rack, then started from the
control desk with a remote control switch.

Tape Recorder Systems

The RT-3A recorder, as illustrated in
the various photos included, is employed
efficiently in the broadcaster’s studio,
studio control room or at remote locations.
as desired. The RT-3A lends itself well
(in addition to remote or regular program
assignments) to system lavouts where more
elaborate recording jobs must be done.
Fig. 14 shows a simple system that wil:
give continuous “record” or “reproduce”
In this setup two RT-3A recorders are used
and either machine may be recording while
FIG. 12 (above). Here. a program originating in the studio is recorded in the control room with the the other is playing back. Only the simple
RT-3A recorder. Note that cable lengths and connections permit use of various arrangements of addition of the switches shown would be

the recorder and amplifier. . . . .
required, since the RT-3A equipment in-
cludes necessary amplifiers, meters and
headphone cueing facilities.

The diagram of Fig. 15 illustrates a
slightly more elaborate setup in which two
sets of switches are used. In this arrange-
ment, the proper impedance matching
should be obtained. If the input lines are
terminated externally, nothing more is re-
quired, since line input positions are bridg-
ing on the RT-3A design. Either or both
recorders may operate from input lines
singly or simultaneously. When recording
long programs, this permits the recording
of some overlap. It also makes possible the
duplicate recording of an important pro-
gram, when desirable.

The output circuit is similarly connected
and a matching pad should be used if the
two recorders are to be played back simul-
taneously over the same line (for example,
where two sound effects are mixed). A cue
circut is shown which could be used as a
second outgoing line, or connected to an
amplifier and loudspeaker for cueing.

E,IG 13 (above). Closeup of typical control room setup where RT-5A is rack-mounted in a standard An additional feature which may be in-

'BR 84 series audio equipment rack. Recording is easily handled by operator at the consolette (a corporated in the above systems s the use
remote control switch at consolette starts and stops recordingsl.
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of a suitable limiting amplifier such as the
RCA 86-B. This will permit a higher aver-
age level to be safely recorded on the tape,
and at the same time avoid effects of
overmodulation.

In addition to the above recording ar-
rangements, there are many other possible
combinations which might expand into the
use of additional RT-3A recorders for the
simultaneous recording of several programs.
RCA engineers are ready and equipped to
assist in the design and layout of special
tape recording svstems to meet particular
requirements.

Performance

The RT-3A professional tape recorder
will provide the broadcaster with an essen-
tially flat frequency response from 50 to
15,000 cycles, when recording at a speed
of 15 inches per second. (See performance
curve of Fig. 16.) In addition to its ex-
cellent frequency response, the RT-3A is
designed to assure a low level of noise,
wow and flutter. A list of the general elec-
trical and mechanical performance char-
acteristics of the RT-3A recorder is given
below.

Summary of Performance Characteristics

The RCA Broadcast Portable Tape Re-
corder, Type RT-3A, will have the follow-
ing general technical characteristics when
used with the proper tape:

InpuT: Microphone level, 150/250 ohms
or bridging from 600 ohm line. Gain con-
trol on recording amplifier. VU meter to
check recording level,

OvutpuT: Maximum +18 dbm at 150/600
ohms. Gain control on playback ampli-
fier. VU meter can be used to check out-
put level.

Monr1toriNG: The output (plavback) am-
plifier is entirely separate from the re-
cording amplifier so the program on the
tape may be checked by headphone
while recording.

Tare SpeeD: 15 inches per second, or 7%
inches per second. Speed may be selected
by a switch on the amplifier which also
changes the amplifier’s compensation
curves,

Tape WipTH: ¥4 inch.

Praving TimEe: 33 minutes at 15 inches
per second.
66 minutes at 7.5 inches per second.

Rewinp TimE: Approximately 3 minutes
in either direction,

FreEQUENCY REspoNsE: 50 to 15,000 cycles
at 15 inches per second in accordance
with NAB.

50 to 7,000 cycles at 7.5 inches per sec-
ond in accordance with NAB.

SIGNAL-TO-NoOISE: Better than a 50 db
ratio on the tape (below peak recording
level ).

45 db or better for the playback ampli-
fier (below peak recording level).

Wow anDp FLutTER: 0.29% RMS at 15
inches per second.

0.3% RMS at 7.5 inches per second.

MeTeERING: All tubes, erase and bias volt-
ages, recording and output levels may be
checked with the standard VU meter.

MacNETIC HEADS: Single, plug-in assembly
with erase, record, and playback heads.

MEecuaNICcAL: The amplifier case has room
for the reels and connecting cord. It is
15 inches high, 21 inches long, 1034
inches deep and weighs 49 pounds.
Recorder case is 1974 inches long, 1834
inches high, and 1128 inches deep.
Weight, 44 pounds.

RECORDER NO.I

RT-3A

PLAYBACK NO.|

INPUT
FROM CONSOLETTE

l OUTPUT
-

OR MONITOR

OR MICROPHONE

L RECORDER NO.2

RT-3A

] TO CONSOLETTE

PLAYBACK NO.2

FiG. 14 (above). Systems setup for two RT-3A recorders which provide continuous ’‘record” or
“reproduce” (either machine may record while other plays back).
———@——RECORDER NO.I PLAYBACK NO.| ———
RT-3A
INPUT OUTPUT
LINE |
—o RECORDER NO.2 PLAYBACK NO.2 |—e——
INPUT 4 RT-3A 4 CUE
LINE 2
F'G. 15 (above). Setup of two RT-3A recorders with extra switches provided to permit operation

from input lines singly or

simultaneously, as desired.

OVERALL FREQUENCY RESPONSE

PORTABLE TAPE

DECIBELS

FREQUENCY

FIG, 16 (above). Frequency response of

50 to 15.000 cycles.

RECORDER=-RT-3A

IIIIII-IIIIIIII S s

1000 10000 20000

IN CYCLES PER SECOND

the RT-3A recorder is essentially flat from
as shown above.
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WENR-TV

by
E. C. HORSTMAN

Engineering Director, ABC Central Division
and

J. M. VALENTINE
Supervisor of TV Operations, WENR-TV

WENR-TV, the  American

Broadcasting Company’s Chicago key sta-
tion, staged its own personal “T-Day” on
September 17, 1948. Since then, WENR-
TV has continually expanded its program
service until today it is feeding more pro-
gram hours to the network than any other

station.

WENR-TV’s present (February ’49)
schedule includes over 30 hours of program
time. Over 60% of this is originated in

FIG. 1 (opposite). A scene
from WENR-TV’'s top-rated
show, the Super-Circus, a
weekly hour-long program
fed to the entire ABC net-
work. With a Telepulse rat-
ing of 39.0 (week of Jan. 3)
this is the top-ranking studio
show produced in Chicago.

FIG. 2 (right). Another scene
from the Super-Circus pro-
gram. Although WENR-TV is
the newest Chicago TV sta-
tion, the Chicago Telepulse
ratings for January show it
with four of the ten top-rank-
ing shows. '

Chicago. Even more significant—some 15
hours of it consists of studio shows.

General planning of the WENR-TV in-
stallation was under the direction of Frank
Marx, Vice-President of ABC in charge of
engineering. E. C. Horstman, Engineering
Director of ABC’s Central Division
planned the details of the installation and
supervised the construction of the station.
He was assisted in this part of the opera-
tion by William Cummings, Supervisor of
AM operations, Robert B. Whitnah, Sta-
tion Engineer, and Hugh Abfalter, Assist-
ant Station Engineer.

All of the WENR-TV facilities are lo-
cated in the modern Opera Building at
20 North Wacker Drive. The 44th floor
houses the RCA 5 KW TT-5A Transmit-
ter, a 10 KW FM BTF-10B Transmitter,
the film projection room, a live talent

studio, the control room, a maintenance
room and dressing rooms. TV engineering
and programming offices are on the S5th
floor; traffic sales and publicity offices are
on the 16th floor. The main floor houses
the ABC Civic Studio, formerly the Civic
Opera Theater, first acquired by WENR
for use in production of AM shows.

The Opera Building is an ideal lo-
cation for WENR-TV facilities. Not only
does it provide a studio for audience par-
ticipation shows (the Civic Opera Thea-
ter), but it is centrally located in the Chi-
cago urban area, it is the highest building
in the city, and its steel-concrete walls and
floors provide adequate support for the
equipment, as well as for the RCA com-
bination TV and FM antenna mounted on
the roof. A marquee, supported by huge
columns extends the full length of the

15
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FIG. 3. The modern Opera Building at 20 North
Wacker Drive where all of WENR-TV's facilities—
studios, film rooms, transmitter room and antenna
—are located. The 4-section Pylon with B-section
Superturnstile on top (right corner) of building is
the combined antenna of WENR-FM and WENR-TV.

building, beautifying the adjacent en-
trances to the office building, the ABC
Civic Studio, and the historic Opera House.
Located less than three city squares away
is the Illinois Bell Company through which
all WENR-TV coaxial network lines are
routed.

Work to adapt this building to TV oper-
ation was begun in Januarv, 1948. By
August, WENR-TV was on the air with a
test pattern. Construction work consisted
of pouring new concrete floors with
trenches to accommodate wiring; sound-
proofing and insulating of walls and ceil-
ings : installing a ventilating system for the
rooms, and exhaust ducts for the equip-
ment; and provision of a support on the
top floor for the base of the antenna. Power
lines and video cables were run to the 44th
floor through air shafts in the building.

Equipment for air-conditioning the
rooms, and exhaust ventilation of the power
racks, is located on the 45th tloor. Ducts
for air conditioning (transmitter rooni,
studio, film projection room and studio con-
trol room) are installed in the ceilings.
After installation of the ducts, insulation
was added and the ceiling covered with
perforated celotex. Exhaust ducts for the
racks are run below the ceilings.

One of the principal features of our lay-
out is the fact that we have a studio, con-
trol room, projection room, transmitter
room, and a workshop located together on
the same floor. This permits very close
coordination between the operators at the
different locations. The proximity of these
rooms makes it practical to run private
telephone lines wherever desirable, and it
allows time-saving cross-checks if anything
goes wrong at any point in the system.
Moreover, the cost of running power and
video cables is reduced, and air condition-
ing problems are simplified.

FIG. 4. Technical activities of WENR are under
the direction of E. C. Horstmon, ABC’'s Certral
Division Engineer, ]. M. Valentine, Supervisor- of
TV Operations, and William Cummings, Super-
visor of AM Operations. In this group picture
are, left to right, Mr. Cummings, Marvin ‘Gaskill
(associate editor of Broxdcast News), Mr.” Horst-
man (with hand on camera). and Mr, Valentine.



FIG. 5 (right). Estimated 5000
and 500 microvolt contours of
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FIG. 6 (below). This is the control room corner of

the penthouse studio during construction. Drop-

ceiling type construction was employed in this
two-story high studio.

FIG. 7 (below). This is the film projection room during one stage of construction. Pouring of a false

floor made it possible to provide wiring trenches and ducts between all main units. These trenches,

shown open in this view, are provided with heavy sieel coverings which protect wiring but are easily
removable when changes or additions in wiring are required.
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WENR-TV’s PENTHOUSE STUDIOS

The Penthouse Studio on the 44th floor
of the Civic Opera skyscraper is the smaller
of our two studios. Because the control
room is built into one corner, the resultant
studio space is L-shaped. However, the
corner adjacent to the control room is used
for storage of props and so the actual
studio space available is rectangular in
shape, measuring 35 feet by 25 feet by 18
feet high.

In spite of its relatively small size, the
Penthouse Studio serves for the production
of a large part of WENR-TV’s origina-
tions. Advertising commercials, children’s
programs utilizing cartoonists and puppets,
small dramatic productions, and soloists are
tvpical of the programs produced daily in
this studio.

We believe the key to successful oper-
tion in a small studio is to equip it

adequately with cameras, lights and micro-
phones, and to arrange the sets methodi-
cally so that very little movement of the
equipment is required to put on succes-
sive programs. The Penthouse Studio is
equipped with three studio cameras with
pedestal mountings and as many as six or
seven microphones, some types of which
are directional or suited to special mount-
ings and applications. For example, exten-
sive use is made of the 88-A and 77-D
types. One 77-D is mounted on an RCA
perambulator type boom which permits
placement of the microphone over the set.
but out of the camera view. Another is
mounted on a smaller boom type stand.
Other microphones used are of the 44-BX
type mounted on floor stands.

The amount of light we use in the studio
depends, of course, on the size of the show,
and the color and type of the costumes.
Our practice is to provide a basic light

level of between 250 and 300 foot-candles,
which provides a good signal-to-noise ratio
for the image orthicon tubes in the cameras.
We then use back lighting and spotlighting
as required for proper contrast and artistic
picture interest. A good part of our basic
lighting is obtained from eight banks of
40-watt
mounted. Fluorescent lighting is not only
economical, both from the standpoint of
power consumption and longer lamp life,
but it is also a well-diffused and uniform
light, producing excellent color response
with present camera tubes. Other ceiling
mounted lights consist of nine 2-kw. floods,
and several spots ranging from 500 to 2000

six fluorescent lamps, ceiling

watts. An almost identical complement of
incandescent flood and spot lamps are
mounted on portable stands for studio floor
use. All ceiling lights are swivel-mounted
and are moved and directed manually.

FIG. 8. Simplied drawing of the 44th Floor of the Opera Building where all of the WENR-TV f{acilities (except the auditorium studio) are located. The
fact that studio, control room, projection room, transmitter room and shop are all on the same floor makes for a compact operating setup which is un-
usually convenient. Moreover, this arrangement was an important factor in minimizing the cost of running audio, video and power cables and in simplifying

the air conditioning problems.
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FIG. S (above). This is a floor level view of one end of the penthouse studio (see other views on next two pages). The operating part of this studio is
35 ft. by 25 ft. by 18 ft. in height. There is additional space in the corner next to the conirol room (see floor plan) which is used primarily for storage of
scenery and props, Equipment in this studio includes three RCA Type TK-20A Studio Cameras; 88A, 77D and 44BX Microphones, banks of fluorescent lights,

spots and other minor accessories.
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FIG. 10. This is a view {(from approximately the director’s position in the control room) looking into the penthouse studio. Seven; video uniis—consisting
of three studio camera control units, two film camera control units, an on-air menitor-switching unit and a preview monitor—are on the lower level just
in front of the window. The audio equipment in the foreground includes a 76-D Consolette and a BCS-3A' Auxiliary Console.

WENR-TV's
STUDIO CONTROL ROOM

The control room for the Penthouse
Studio is built into one end of the studio.
It is elevated 17 inches above the studio
floor, which allows plenty of space for
video and power line ducts to run under
the control room floor. This arrangement
simplifies construction, and is desirable be-
cause it provides a part of the elevation
required for program directing personnel
to have good view into the studio. The
program director’s and audio director’s
control positions are on a platform in the
control room elevated another 22 inches
above the control room floor. This gives
directing personnel a total elevation of 39
inches above the studio floor, enabling
them to see the studio action over top
whatever cameras, lights or microphones

20

might otherwise obstruct their view of the
show.

The Penthouse Studio Control Room is
in reality a combined studio, film and
master control room. It contains control
equipment for the three cameras in the
studio as well as for two film cameras in
the projection room. Video from the con-
trol sections of these cameras, plus a pickup
line, regularly fed by the remote mobile
equipment, are brought directly to a
TS-1A master switching panel rack-
mounted in the control room. This switch-
ing position allows selection of a variety
of program material including studio shows,
films or slides, boxing, wrestling, etc., to
be fed to either the transmitter or to the
network. Another similar control position
rack-mounted in the transmitter room per-
mits selection of either Penthouse Studio,

ABC Civic Studio or film room output for
feeding the transmitter.

Equipment on the elevated platform of
the Penthouse Control Room consists of an
RCA 76 Consolette, which controls the
audio from the studio and film projection
room; two type 70-D transcription turn-
tables; and a BCS-3A auxiliary control
and PL switching unit through which the
turntable output is fed. The program di-
rector, technical director and an audio oper-
ator sit at this control console. Below the
platform in front of the control room win-
dow is a 7-section video console. This con-
sole contains a preview monitor for viewing
remote pickups, a TS-10A video switch-
ing and lap-dissolving system with its asso-
ciated program line monitor, and camera
controls for the three studio cameras and
two film cameras. A network line monitor




FIG. 11 (above). This view shows the arrange-

ment on the upper platform to better advantage.

Program director sitis at the left, technical director
in the center and audio operator at the right.

FIG. 12 (right). Power supplies, distribution am-

pliers, audio switching facilities and monitors are

mounted on standard racks mounted in the wall
of the control room.

is mounted on a shelf above the control
room window, where it is plainly visible to
program directing personnel. Four opera-
tors are seated at the video console. Two
of these video operators keep the studio
camera output levels correct at all times.
Another operator maintains correct levels
from the two film cameras, and the fourth
operator does the switching at the request
of the technical director on the platform.

One-way communication from directing
personnel to camera operators, boom oper-
ators, and video operators is provided by
intercom circuits in the TV camera equip-
ment. In addition, an amplifier system is
used which provides two-way communica-
tion between studio control, the film room
and transmitter room.
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FIG. 13 (opposite page, top). View of the stage
and proscenium of the Civic Studio. The glass
booth at the right of this picture is the program
director’s booth. Five monitors provide him with
pictures from all cameras, line and preview.

WENR-TV CIVIC STUDIO AND
CONTROL ROOM

The Civic Studio, located on the main
floor of the Civic Opera Building, is used
for the most elaborate type of television
production. These include comedy, drama
and audience participation programs. This
studio originates such top-ranking TV
shows as “Super Circus”, Vaudeo “Varie-
ties”, “Stand By For Crime”, and “Stump
the Authors”, familiar to ABC network
viewers. The studio is also used for WENR
(AM) originations such as the ‘“Breakfast
Club” with Don McNeil. The theater will
seat 850 people.

After acquistion of the Civic Theater,
the stage was enlarged to 50 feet by 70
feet. A glass enclosed program director’s
booth was built into the wall of the thea-
ter, near the front.of the stage. and a con-

FIG. 14 (opposite page. botiom). The 70 foot wide,

by 50 foot deep, stage of the auditorium provides

ample space for even larger productions like the

Super-Circus (cast of fifteen, plus band) with room
on the front-stage apron for cameras.

trol room to house the TV control equip-
ment was built into the wall at one side
of the stage, ten feet above the stage floor
level. The program director’s position,
which contains video and audio monitors
and communication facilities, is used for
audience participation programs, where it
is necessary for the director to be able to
see the audience as well as the show. The
entire audience is not visible from the con-
trol room at the side of the stage, but the
program director is plainly visible from
here to direct the control room operators
in the switching of cameras, and otherwise
conduct the program. The director’s booth
contains five monitors, one for each camera,
a line monitor, and one for preview of up-
coming programs.

The Civic Studio is equipped with three
field cameras, a large perambulator tvpe

FIG. 15 (above). This is a view in the engineer’'s
control room looking out onto the stage. This con-
trol room is at the left of the stage (up the stairs
visible at the left of Fig. 13). Standard RCA field
equipment units are used in this control room.

mike boom, a smaller type KS-4A mike
boom, and several portable lights. The field
cameras are mounted on tripod dollies for
utmost mobility.

The Civic Studio Control Room contains
field camera controls for the three cameras,
a field switching system for switching be-
tween cameras, master line monitor, field-
type sync generator, and audio control
equipment. As in the Penthouse Control
Room, a modified RCA receiver tempo-
rarily serves as a network line monitor in
the Civic Control Room. The field contro]
equipment is mounted in front of the con-
trol window on RCA field desks which are
designed with inclined tops to hold the
equipment at a convenient position for
viewing and operation. Behind the video
control position, and elevated two feet
above it. is the audio control position.
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FIG. 16.
and a TK-20A Film Camera. Further back are two RCA TP-35A (35mm) Projectors. Between them is a TP-9A Multiplexer and a TK-20A Film Camera. On
the wall above each projector grouping is a monitor which allows the projeciionist to see the picture iransmitted.

WENR-TV’s
FILM PROJECTION ROOM

The film projection room, which is lo-
cated adjacent to the studio control room,
houses two 35mm projectors, two 16mm
projectors, two film cameras, and racks
which contain associated video amplifiers
and power supplies. The two 35mm and
two 16mm projectors are set up in pairs
facing each other, so that the 35mm pro-
jectors serve one film camera and the 16mm
projectors serve the other. Multiplexers be-
tween each pair of projectors reflect the
images into the film cameras and also pro-
vide for the mounting of slide projectors.

The projection of multi-reel shows can
be carried on without interruption by
threading up both projectors in advance,

24

and merely switching over to the other
projector as reels are used. The projector
stop and start mechanism, which is instan-
taneous, can be controlled at the projectors
or at the racks.

The projection room is large enough (30
ft. x 20 ft.) to provide storage space and
plenty of walk-around room in front of
and behind the racks. Spare tubes, test
equipment and tools are kept in a double
cabinet at one end of the room. A service
bench is conveniently located along the
wall near the cabinet. Two wall-mounted
RCA receivers, plainly visible in the photo,
are used for monitoring the two film camera
outputs. In addition, a line monitor rack-
mounted on one side of the room (not
shown in photo) displays to operating per-
sonnel the picture going to the transmitter.

This is WENR-TV’s Film Projection Room. In the foreground are iwo RCA TP-16A (16mm) Projectors. Between them is a TP-9A Multiplexer

The two camera control units for the
two film cameras are located in the studio
control room. These control units are
manned by a video operator who constantly
watches over the quality of the pictures
produced by the film cameras.

WENR-TV
MOBILE FIELD EQUIPMENT

The mobile field equipment used for
programming of sports and other events at
the local Armory and at Rainbo Arena
consists of two vehicles and an attachable
trailer. The two vehicles carry a three-
camera field chain, auxiliary lighting
equipment, props and operating personnel.
The two-wheeled trailer is a power gener-
ator which supplies 120-volt ac to operate
the equipment.
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FIG. 17 (above). WENR-TV’s mobile equipment in-

cludes a standard RCA TJ]-50A Mobile Unit com-

plete with portable camera equipment and RCA
microwave relay gear.

FIG. 18 (right). With the TJ-50A Unit WENR-TV
uses a panel truck (left in this view) for carrying
auxiliary lighting equipment, props. and acces-
sories, and a two-wheel power generator for use
at locations where a-c is not easily obtained.
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Pickups of boxing and bowling are made
regularly every Tuesday and Wednesday
at Rainbo Arena, about six miles from
the studio building. The picture and sound
is sent back to our studios by microwave
relay and telephone line. Since we make
regular pickups at this point (and also at PR e~ e R : =
the Armory), we have installed telephone o o e ey ey _ i
line jackboards which enable us to transmit ‘ : e ' : '
the sound as well as maintain wire com-
munication with our studio and transmitter
control operators. An eight-man crew under
the direction of Mr. William H. Cassie car-
ries out our field operations.
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ol FIG. 19 (above). The view above shows the FM
o . end of the iransmitter control room (see floor
- plan, Fig. 8). The RCA BTF-10B FM Transmitter is
at the right. At the left are racks containing audio
and monitoring facilities, power supplies, etc.
Turntable used for FM f{illins and for testing is
in the center. In the foreground is a corner of
the TV transmitter control console.
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FIG. 20 (left). This view shows the TV control
and monitoring racks at the opposite end of the
room, Rack on the left contains frequency moni-
toring equipment and audio amplifiers for TV
sound. Rack on right contains, from top to bot-
tom, a TA-5B Stabilizing Amplifier, a TA-1A Dis-
tribution Amplifier, Video jock panels, a TS-1A
Switching Panel, another TA-5B Amplifier and
several monitoring units.
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WENR-TV TRANSMITTER ROOM

The transmitter room of WENR-TV was
made large enough to house the TV and
M transmitters. The two transmitters are
installed end to end in the center of the
25 ft. x 40 ft. room. The control position
for the two transmitters is located between
two partial partitions jutting from one side-
wall. The input and monitoring equipment
racks for each transmitter are built into
these partitions, facing each other, with
the standard TV transmitter console be-
tween them. The sideband filter for the
TV transmitter is located behind the trans-
mitter, and the water circulating system is
in an adjoining room. Further construction

FIG. 21 (below).

plans are to enclose the ventilating ducts
above the transmitters and equipment racks
to provide flush-mounting appearance. The
width of the transmitter room provides
plenty of walk around room behind the
transmitter. A small workbench in front
of the windows and a metal cabinet hold

tools, test equipment items, spare tubes, etc.

The eight individual cabinets of the tele-
vision transmitter contain all the necessary
components for both the aural and visual
parts of the signal. The left half of the
transmitter contains the aural components;
and the right half, the visual. The control
console in front of the transmitter contains
the stop-start switches, video and audio

gain controls, and a picture monitor. Dur-
ing transmitter operation, the picture moni-
tor is used as an on-the-air signal monitor,
the waveform oscilloscope serving to indi-
cate levels of video modulation. Although,
for test purposes, the monitor and oscillo-
scope can be switched to various circuits

in the transmitter.

TV control facilities include a rack-
mounted program switching panel which
enables the transmitter operator to select
the required source of program for feeding
to the transmitter. This switching panel
consists of interlocking push buttons which

switch video lines directly.

This view shows WENR-TV's RCA TT-5A Television Transmitter, This transmitter is mounied in line with the FM transmitier shown on

the opposite page (see Floor Plan, Fig. 8). The transmitter conirol console is in the right foreground. A feature, visible in this picture, is the simple, but
very elfective arrangement of ducts for exhausting the heated air from the trcnsmitter units.
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WENR-TV VIDEO SYSTEM

An important part of the engineering and planning of
WENR-TV was the provision of control facilities which
would enable us to produce almost any type of TV pro-
gram and to do it efficiently.

To do this we had to anticipate our requirements for
switching between the two studio control rooms, the film
room and the transmitter. It was found possible to com-
bine the functions of our penthouse studio control and
master control in the one room and thus save space
otherwise required for a separate master control room.
This was done by installing a master control panel in a
control room rack, and bringing the video from studio
cameras, film cameras, incoming net and relay receivers
directly to this panel. Three outputs from this panel feed
separately to our network line, the transmitter and the
viewing monitors. Thus, it is possible to feed any one of
our program sources to either the transmitter or the net-
work (or both) as desired.

To add still further flexibility to our control system,
we installed a similar master switching panel in the trans-
mitter room. This switching panel is fed normally by one
output of the studio master switching panel. However, we
found it desirable to provide a plug and jack system in
the studio control room which enables us to by-pass the
studio master switching panel, and thus use the control
panel in the transmitter room as a master control posi-
tion. This is a convenience when the Penthouse Studio
is not in operation and the switching operation resolves
itself to that between the output of the Civic Studio on
the main floor, the network, and possibly relay pickups.
The transmitter operator then performs the necessary
switching.

As can be seen by the block diagram, the switching
system for the Civic Studio also feeds into the master
control panel. When programs are being produced in the
Civic Studio, and control is centered in the transmitter
room, the master switching panel is punched for feeding
to the transmitter and left in this position.

Also shown in the diagram are a number of amplifiers
designated as Distribution Amplifiers (DA) and Stabiliz-
ing Amplifiers (Stab. Amp.). (Each block marked “DA”
represents one channel of a 5-channel TA-1A Distribution
Amplifier unit. Thus, the number of blocks does not in-
dicate the number of TA-1A units in use.) These Dis-
tribution amplifiers, which are rack-mounted units, serve
as isolation amplifiers when additional monitors are con-
nected to the line. They are also used to combine sync
with the video signal, as is the case in the penthouse con-
trol room. While sync can be added to the video signal
in the camera control sections, for studio operation it is
common practice to add it after camera switching, and
thus avoid any interruption of the sync signal which
might otherwise be brought about by switching.

The TA-5B Stabilizing Amplifier, which is a video am-
plifier with special tubes for maintaining correct picture-
sync ratio and suppressing noise, is used in network and
relay input lines where the incoming signal might be de-
fective in these respects. A TA-5B is also used at the
input to the transmitter to assure that a signal correct
in all respects is delivered to the transmitter. The TA-5B
is automatic in operation after level controls have been
preset.
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FIG. 22. This is a simplified block diagram of WENR.-TV's video facilities. Master control facilities are combined with the control room facilities for Pent.
house Studio on the 44th floor. Incoming lines from net, relay and auditorium studio, as well as local cameras are brought to a rack-mounted master
switching unit in the Penthouse Studio control room. At this any one of the five inputs may be “punched-up’ for transmission to any one of three outgoing
lines (networks, transmitter and monitoring circuits). A similar switching is provided in the transmitter control room so that, if desired, the Penthouse Studio
may be shut down and all operations conducted from the transmitter. (Note error in the diagram above. The output of thes “Field Switcher” in the Civic
Control Room should go to DA 1-4 and DA 1-5 rather than to DA 1-3, as shown.)
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WENR'S TV and FM
ANTENNA

WENR-TV ANTENNA

The WENR-TV antenna is an RCA six-
bay Super Turnstile, mounted on top of a
four-section RCA heavy dutv Pvlon (which
radiates the FM signal of WENR-FM).
This combinatin TV-FM antenna is a self-
supporting structure mounted directly on
the roof of the building. As the height of
the Civic Opera Building is 550 feet, a
satisfactory antenna height is obtained
without the use of a tower. The TV an-
tenna is 668 feet above the street, making
it the highest structure in Chicago.

Installation of the antenna assembly,
which weighs approximately 5 tons, was
accomplished by first erecting a tower-like
staging above a hole cut in the roof of the
building. The FM and TV antenna sec-
tions were then lifted, one section at a
time, through the hole in the roof; and
stacked one above the other on a steel
supporting structure welded into the build-
ing framework under the roof. A total of
6 sectons were handled this way: the four
Pvlon sections; a dummy support section
(which also provided extra height): and
the entire 47-foot long Super Turnstile.

The entire antenna assembly was brought
up to the 45th floor in the Opera Build-
ing elevator. The Super Turnstile pole was
shipped from RCA in five sections. These
five sections were assembled and welded,
and the batwings and their branch feed
lines were attached on the 45th floor, prior
to lifting the antenna through the roof. The
134 inch rigid coax transmission lines for
FM and TV were installed and connected
after erection of the antenna was com-
pleted.

The six-bay TV Super Turnstile provides
WENR-TV with an effective radiated
power of 25 KW from the S KW TT 5-A
Transmitter. The antenna is well above
surrounding buildings, eliminating any
shadows in the service area.

FIG. 23 (left). This is a closeup of WENR's FM
and TV antenna combination. The bottom cvlin-
drical unit is a specially-made supporting section.
the -lower end of which is anchored in the build-
ing (see Fig. 2B8). Above this is a 4-section RCA
Pylon which is the FM antenna. On top of this
latter is the six-bay RCA - Superturnstile which
radiates the TV signals. The Pylon has a gain
of B, the Superturnstile, a gain of 7. Because of
the height of the building itself (550 ft.; these
antennas could be mounted directly on the roof,
thereby obviating the expense of a tower.

B g



FIG. 24 (above). Erecting the antenna on the roof of the building wcs quite a
problem. It was solved by building a tower-like scatfolding above a hole cut
in the roof and bringing the sections up through the center of the scaffold.

FIG. 26 (right). In order to secure

the antenna supporting section onto

the building the framework of the

latter was reiniorced ond the

welded steel frame shown here
was mounted within,

FIG. 25 (above). The Pylon sections were brought up one at a time.
As each one was brought up it wos stacked on top. Finally the
Superturnstile was brought up (in one piece) and placed on top.




by RALPH V. LITTLE, JR.

Nearly one quarter of a million feet of
motion picture film is being devoted each
week by the television stations in New
York City to record the television pro-
grams and commercials being broadcast.
These motion picture recordings, made by
photographing the visual images on special
kinescopes with specially adapted cameras,
are being made by broadcasters for many
important reasons, chief among which are
the following: to record programs for
delayed broadcast to larger evening audi-
ences; to record programs for documentary,
historic, legal, and advertising purposes;
for syndication of television programs to
remotely located network stations; and
for rebroadcast of programs because of
differences in time zones.

To make possible kinescope recordings
of rebroadcast quality, RCA developed
special equipment which is already in oper-
ation in many of the key network stations.
The RCA television recording system in-
cludes a high quality photographic monitor
which produces precision visual images, a
motion picture camera especially designed
for photographing television pictures, and
the equipment for sound recording which
can be accomplished simultaneously with
the picture recording in the camera. As an
alternative sound may be recorded sepa-
rately by using a double film system with
separate recording equipment.

A glance at the simplified block diagram
of the RCA photographic monitor will help
explain more graphically the functioning
of the system. Beginning at the upper left
corner of Fig. 3, standard RMA video sig-
nals are supplied directly to the equipment
from the studio coaxial lines in the tele-
vision studio.

The signal is fed to a video amplifier
where it is amplified and separated for the
two basic functions of a television system:
a signal for synchronizing the scanning

FIG. 1. The unretouched enlargements, at left,

made from 16mm film recordings, of various tele-

vision programs, show the clarity and definition
of the RCA Kinephoto recording equipment.



raster of the kinescope with the television
pickup camera; and a modulating signal
which is amplified and used to control the
kinescope beam which forms the visual
image. The synchronizing signals control
the deflection amplifier, which in turn sup-
plies deflection power to the deflection
yoke on the kinescope. A high voltage
supply of 25 kilovolts is required for the
kinescope operation and a regulated power
supply furnishes necessary plate voltages
to all units. The controls functions of the
equipment are grouped on a centrally lo-
cated panel with metering circuits to indi-
cate proper operating adjustments.

The kinescope, RCA Type SWP11, is a
special 5-inch flat face aluminized projec-
tion type cathode-ray tube having a short
persistence blue phosphor screen of high
actinic value which makes possible the use
of high resolution low-cost positive type
film stock.

The equipment has been designed and
manufactured to the high quality standards
set by the broadcast industry.

The Camera

The 16 mm motion picture recording
camera was developed by RCA especially
for use in television to compensate for the
timing differences in the television system
which has a frame frequency of 30 per
second and the conventional motion picture
system which exposes film at the rate of
24 frames per second.

To understand how the conversion in
exposure is made from the conventional to
the television system frame rate, reference
is made to Fig. 5. The figure is divided
into intervals of 1/60 of a second, repre-
senting the television field frequency. Since
the 1/24 second frame is 2V% times 1/60,
five television fields represent 1/12 of a
second or 2/24 of a second which is the

FIG. 2. R. V. lLittle, Jr.. is shown adjusting the

controls of the RCA Kinephoto Equipment. The

unit shown is one of the earlier models. The

control panels in newer units are equipped with

built-in oscilloscopes which enable monitoring of
the picture waveform.
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FIG. 5. The chart above shows a comparison between the exposure and pull-down timing of a conventional motion picture camera and a special
camera designed to accommodate the television field rate. Note, the exposure in the special camera occurs between TV pull-down intervals which

Exposure

The camera exposure time in terms of
the television system must be accurate to
less than one half of a scanning line or
roughly one part in 30,000. It must be
timed to expose exactly the proper num-
ber of picture lines for each frame, or 525
lines, no more or less, or an effect known
as ‘“banding” will take place on the ex-
posed film. This exposure is controlled by
either of two types of shutters, mechanical
or electronic.

Mechanically, the camera and shutter
are driven by synchronous motors which
are in synchronism with the entire tele-
vision system. The shutter drive which is
isolated from the main camera drive is
driven by a 3600 rpm synchronous motor
which drives the shutter at the necessary
1440 revolutions per minute through a set
of precision gears. Another motor, working
in synchronism with this, drives the film
transport and intermittent mechanism.
This arrangement insures rotational accu-
racy and freedom from inter-action of the
camera drive and shutter drive mechanisms.

The alternative method of exposure con-
trol available is accomplished electron-
ically. In this system, the exposure is
controlled by biasing the kinescope image
on and off by a special blanking signal.
This method eliminates the need for the

take place twice In every five fields.

moving camera shutter and substitutes an
exposure control circuit which is initiated
by a contact on the camera operating in
proper phase relationship with the film
transport which closes after the pull-down
is complete.

In operation, the contact closes when
the film has been transported and regis-
tered. Then the exposure control circuit
removes the, cut-off, bias from the kine-
scope which permits a picture to appear
on the tube and produces exposure of the
film. The control circuit, which is actuated
by the horizontal driving pulses counts
526 lines (that is to the end of the 525th
line) returning the kinescope bias to cut-
off, this acton removes the picture image
and ends the exposure.

The electronic system does not require
synchronization between the camera and
the television signals. The incoming video
signal supplies the keying information so
the position of the blanking of the kine-
scope can change in phasing, but the ex-
posure duration will always be correct
because the information is obtained from
the television signal. A small change in
speed between incoming signals merely dis-
places subsequent exposure periods.

The density of film recording depends
not only on the length of exposure but on
the brightness of the cathode-ray picture

tube. Since the exposure time is fixed, the
highlight brightness of the picture is varied
by means of the video gain control; the
kinescope bias control will set black level
or point of visual extinction of the return
lines. The beam current of the picture tube
is measured by a microammeter on the
control panel of the monitor; since there
is a direct relationship between the light
output of the tube, the measurement of
the beam current provides a good index
to the brightness of picture.

Normally, motion pictures taken of the
positive kinescope images on standard film
produce negative images which can be used
for rebroadcast by reversing the video
phase in the film camera. The film negative
is then available to produce as many prints
as desired. For applications where direct
projection is required, such as in theatres,
a polarity switch makes it possible for
kinescope to produce negative images. Such
images can be photographed and processed
as direct positives for immediate projec-
tion. RCA has found that with special
processing equipment, it is possible to take
pictures and project the finished pictures
on the motion picture screen, in 40 seconds.
Using this technique, theatres could take
pictures “off the air”, rush them through
processing and show them on the screen
as newsreels.
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FIG. 6. The photo above shows a closeup of the RCA 16mm television camera which accommodates 1200 feet of film and which can be equipped
for making simultaneocus sound and film recordings. Either a 16mm or 35mm motion picture camera can be used to photograph the images appearing
on the face of the projection type kinescope.

Either 16mm or 35mm motion picture cameras can be
used with the RCA television monitoring equipment. 16mm
film has been chosen initially for television recording be-
cause of the importance of costs of the film stock and the
film processing together with the safety problems involved.
The handling of 35mm film requires elaborate safety pre-
cautions because of the rigid fire regulations in the handling
of this type of film. RCA engineers have found that 16mm
fine grain films with suitable processing can produce ex-
cellent picture quality and since the costs involved are
approximately 1/3 of the 35mm film, the use of 16mm
film is felt well justified. When it is realized that it takes
1200 feet of film to record a half-hour performance, cost
of film and developing becomes an important factor to con-
sider. This is primarily why RCA produced the 16mm
motion picture cameras for the television industry.

FIG. 7. Picture at left shows the television projection tube assembly with the
kinescope shield removed. Shown are the projection kinescope, RCA Type SWPI1I,
the kinescope and deflection yoke assemblies, and the insulator tube supports.
The photronic cell mounted at extreme right of kinescope face is connected with
meter in conirol panel and provides a relative indication of the tube’s light output.




THE PHILOSOPHY OF OUR TV SYSTEM

A Brief Review of the Functions of the Most Important Parts of the TV

System, With An Explanation of the Reasoning Behind the Choice of

Standards, Type of Transmission, Shape of Synchronizing Pulse, Etc.

by JOHN H. ROE

Supervisor
TV Systems Engineering Group

Engineering Products Department

PART Il

Eprtor’s Norte: The first part of this
article appeared in Broabpcast NEws No.
53, February, 1949. The second part is in-
cluded in this issue. The third, and con-
cluding, part will be published in the next
issue of Broapcast NEwsS, which should
be mailed about June 1. Those desiring
to have the whole article in advance may
obtain a preprint by writing to the editor.

The D-C Component of the Picture Signal

The visual and aural senses differ in one
important respect which places a require-
ment on the television transmission system
which has no counterpart in the sound
transmission system. The response of the
ear to sound is actually a response to varia-
tions in air pressure. While the ear is very

sensitive to rapid variations in pressure,
it is completely unconscious of absolute
values of air pressure, or of slow variations
in pressure, as sound. In other words, there
is a definite low limit to the frequency of
pressure variations which the ear accepts
as sound. Therefore there is no need for
a sound transmission system to pass fre-
quencies below the aural limit which is
somewhere in the neighborhood of 15 cycles
per second. The circuits may be a-c coupled
without loss of essential information. Even
the best of practical systems have a low
frequency cutoff at about 30 cycles, and
most others cut off somewhere between 50
and 100 cycles.

The eye, on the other hand, is sensitive
to absolute intensities of light and to slow
variations of intensity. As the frequency of
variation increases, the eye rapidly loses
its ability to follow the changes and tends
to produce a sensation which is an average
of the variations. It is this averaging ability
that enables the eye to interpret a rapid
succession of still pictures as a portrayal

= - - .| uJ U
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(«) D-C COMPONENT PRESENT

J U U U

(b) D-C COMPONENT LOST

FIG. 6. When «a signal containing a d-c component, as in (a), is passed through an a-c coupled
system the d-c component is lost, as shown in (b).

of smooth motion. This phenomenon is the
basis of both motion picture and television
systems.

The important point in the present dis-
cussion is that the eye recognizes a slow
change in light intensity, The period of
the change may be a fraction of a second
or it may be a minute, an hour, or a half
day in length. A television system must
be capable of conveying these slow changes,
no matter how long the period, to the re-
ceiver. The rapid scanning of the image of
the scene in the camera produces a signal
containing these slow changes as well as
very rapid variations caused by the passage
of the scanning beam over small light and
dark areas of the image. The slow changes
often have periods so long that they may
be considered as d-c levels which simply
change value occasionally. Hence, the sig-
nal is said to contain a d-c component. The
television system must either pass the en-
tire spectrum, including the d-c component,
in each of its stages, or the signal must
contain such information that it will be
possible to restore the d-c component,
which would be lost in an a-c coupled
system, when it finally arrives at the repro-
ducer. Because of the well-known difficul-
ties in constructing multistage d-c coupled
amplifiers, it is obviously desirable to use
an a-c coupled system. It is fortunate that
relatively simple means are known for d-c
restoration thus making possible the use of
an a-c coupled system.

Fig. 6(a) illustrates a signal which con-
tains a d-c component in the form of a
temporary change in the amplitude of the
pulses. The period t; embracing the low-
amplitude pulses may be of any arbitrary
length. The original signal is characterized
by the constant level of the negative peaks
of all the pulses regardless of amplitude.
After passing through an a-c coupled sys-
tem (in which the time constants of the
coupling networks are short compared to
the period t;) the signal becomes distorted
approximately as shown in Fig. 6(b). Here
the negative pulse peaks no longer fall on
a constant level, but the signal tends to
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adjust itself in a consistent manner about
an axis called an a-c axis.

The a-c axis of a wave is a straight line
through the wave positioned so that the
area enclosed by the wave above the axis
is equal to the area enclosed by the wave
below the axis. The broken line marked a-c
axis in Figure 6(b) is actually the correct
axis only for a wave composed of large
pulses like the first four at the left. Dur-
ing the transient condition following the
first short pulse, the line shown is not the
true a-c axis, but represents the operating
point of the amplifier in the a-c coupled
system. The actual a-c axis of the short
pulses (shown by the dotted line) grad-
ually adjusts itself to coincide with the
operating point of the amplifier. This
adjustment is shown by the exponential
rise of the signal during the interval t;,
but it is interrupted before completion by
the resumption of the large pulses. Thence
a second transient condition takes place
leading to a gradual restoration of the sig-
nal to its original form.

The departure of the pulse peaks from
the original constant level indicated by the
line m, is called loss of the d-c component
or loss of “lows”. It is interesting to note
that this loss causes an increase in the
peak-to-peak amplitude of the signal, a
condition which is undesirable, especially
in high-level amplifiers.

Black Level

An absolute system of measurement
must have a fixed standard reference unit
or level. This rule applies to the problem
of reproducing absolute light intensities.
The simplest and most obvious reference
for such a system is zero light, or black
level as it is often called. This is a refer-
ence level which can be reproduced arbi-
trarily at any point in the system. Now
if the television signal can be synthesized
in such a way that frequent short intervals
have some fixed relationship to actual black
in the scene, then it becomes possible to
restore the d-c component by forcibly
drawing the signal to a fixed arbitrary level
during these intervals.

D-C Insertion and D-C Restoration

Because the blanking or retrace periods
are not useful for transmitting actual pic-
ture information, they offer convenient in-
tervals for performing special control func-
tions such as d-c restoration as mentioned
in the previous paragraph. If the peaks of
the blanking pulses are coincident with
black level, or differ from black level by
a constant amount, then d-c restoration
can be accomplished simply by restoring
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these peaks to an arbitrary reference level.
Thus, in Fig. 6(b), if the peak of each
pulse can be restored to the line 2, then
the signal will appear as in (a) and the
d-c component will have been restored.
Small errors will remain corresponding to
the displacements in level between pulses,
but these are usually negligible and in any
case do not become cumulative. Hence the
restoration is essentially complete.

It now becomes apparent that an ex-
tremely important step in the svnthesis of
the television signal is that of making