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PRACTICAL EQUIPMENT LAYOUTS FOR

Introduction

The equipment required for a television
studio installation varies widely depending
on the type of station, the size of the com-
munity in which it is located, and the mag-
nitude of the station operation. In this
respect it differs greatly from the equip-
ment requirement of the transmitter part
of a TV installation which, with the ex-
ception of transmitter power, is much the
same for all stations.

If the station is a network origination
point, located in a large city, it will prob-
ably be a multiple-studio installation re-
quiring a large number of cameras, asso-
ciated control equipment, master control
equipment and elaborate distribution facil-
ities. If it is a non-network station in a
large city it will probably require almost
as much camera and control equipment
(due to the fact that it must compete pro-
gramwise with the network stations), but
it will not, of course, require the distribu-

”l facilities. On the other hand a network
station in a medium-sized community, be-
cause it will receive most of its programs
from the network, will need only relatively
simple studio facilities. In some instances,
network stations in small communities may
not have any origination facilities except
a slide projector for station identification,
and a simple film pickup system.

This wide range of requirements, plus
the fact that many stations will wish to
install minimum equipment and “grow”
with the development of the audience, led
RCA engineers to the conclusion that TV
studio equipment should be made of care-
fully planned units so coordinated that
they could be easily fitted together to
provide almost any desired combination of
facilities. This is essentially the ‘“building
block” idea which is today employed in
many types of industrial apparatus. How-
ever, in the design of RCA TV units the
idea has been carried further in that the
equipment has been broken down into
smaller units. Thus, when expanding a sys-
tem made up of RCA TV units it is usually

necessary to add a whole desk or con-
. For instance, another camera (either
studio or film) can be added to an existing
system by the addition of a 14 inch wide

www.SteamPoweredRadio.Com

section to the video console. Single ampli-
fiers, monitors, relay units or the like can
be added at will. Moreover, all of these
units are designed to operate at a standard
level and into a standard impedance. Thus
input and output connections can be
brought out to jacks, so that units can be
patched in or out as desired (thereby pro-
viding for temporary modifications of the
system as may be required).

The six system layouts described in this
article have been chosen to illustrate the
wide range of equipment combinations
which are practical. For the most part
these are layouts actually in use at exist-
ing studios or now being installed at sta-
tions under construction. Thus they repre-
sent a large amount of thoughtful plan-
ning and are based, to the largest possible
degree, on actual operating experience.
There are, of course, many modifications
of these systems, and numerous in-between-
designs, which will occur to station engi-
neers. Using RCA TV units it will be rela-
tively easy to make such modifications as
may be necessary to meet the specific re-
quirements of individual stations.

Of the six different layouts to be de-
scribed, types A, B, and C utilize only one
live-talent studio and a single control
room. The single control room is a com-
bined studio control room, film control
room and master control room. The Type
D station also has only one live-talent
studio; but it has two control rooms, one
for the live-talent studio and one for the
master control room. The Type E station
is a deluxe arrangement of the Type D;
including a program console, which pro-
vides additional facilities over Type D.
Finally, the Type F Station is a master
layout employing two studios, each with
its own control room, and separate film
control and master control rooms.

General Considerations

All TV studio installations—Ilarge or
small—are alike in many respects. The
difference in size, for instance, is mostly
a matter of the number of studios in-
volved. The single studio of a small sta-
tion with its associated control room is
almost identical to one of the studios and
associated control room of the large sta-

TELEVISION STATIONS

tion. Thus the general arrangement of the
equipment in the control room proper is
very much the same in all stations. More-
over, the equipment for all stations is made
up from the same basic units. And, finally,
the basic control system used in all of them
is the same.

Because of these similarities it is worth-
while to discuss some of the basic consid-
erations in a general way before beginning
the detailed description of the six equip-
ment layouts. Inasmuch as this part of
the discussion has to do with rather ele-
mentary aspects of the subject those with
some previous background or experience
may wish to skip this part and continue
with the detailed descriptions of the six
layouts which begin on Page 18.

Basic TV Studio Arrangement

It is not the purpose of this article to
discuss the design of TV studio buildings.”
However, several partial floor plans have
been included in order to indicate relative
sizes and the general arrangement of stu-
dios, control rooms, workshops and dress-
ing rooms.

The dimensions of these studios, as well
as the control rooms, may seem large, by
broadcast standards. Experience indicates,
however, that the dimensions shown are
close to the practical minimum. TV studios
should be large enough to provide for as
many as two or three sets, which may be
successive scenes in a program; while con-
trol rooms should be made large enough
to admit additional equipment as the sta-
tion grows. As a matter of fact, the floor
plan suggested for the Types A and B
small stations will serve also for the larger
Type C station. Because large studios are
used, the control room window can be
quite large compared to that of most broad-
cast stations. This is an advantage in that
the control room audio and video consoles
when placed end to end require much more
space than audio alone. Of course it is
not absolutely necessary for all the tech-
nical operators to be able to see into the
studio. It is important, however, that the
program director be able to see all of the
studio action from his position in the con-

2For a discussion of TV building design see
“Facilities for TV Housing”, Broapcast NEws
No. 50, Page 8.
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trol room. In order to give all of the per-
sonnel in the control room a better view
of the studio, the control room floor is
usually elevated about two feet above the
studio floor level.

There are several ways of arranging the
equipment in the control room. RCA en-
gineers are inclined to recommend that all
the equipment consoles; i.e., audio, video
and director’s (if used) be placed side by
side directly in front of the control room
window. A somewhat different method,
preferred by some broadcasters, is to place
the program director and audio operator
on a platform, (Fig. 11) elevated two or
three feet above the control room floor.
This particular arrangement is illustrated
and described more fully in the layout for
the Type C station.

At least one announce booth is essential
in a TV station layout. Such a booth is
provided with the necessary audio facilities
and a picture monitor. It enables a com-
mentator, for example, to see the picture
upon which he is commenting, so that he
can follow the action accurately.

This booth may be located in one cor-
ner of the film control room, or it may be

located just outside the master control
room. If one announce booth is to serve
also for station identification, it may be
advisable to locate it outside the master
control room, and construct it so that
visual “cue” can be given from the master
control room.

Basic TV Studio Equipment

Most of the units which make up the
video system of a television station are
counterparts of the audio units in a broad-
cast station. The camera itself corresponds
to the microphone, the camera amplifier
to the microphone preamplifier and so on.!
In general, these television units are ar-
ranged in much the same manner as the
corresponding audio units of a standard
broadcast station. The output of each
studio or film camera is fed into one of
the input positions on a video control con-
sole in the control room. At this console
position, the video signals from the cam-
eras are mixed (or switched) in the same
manner as microphone and transcription
inputs are mixed at the audio console.
From the video console the picture signal
is fed either directly to the transmitter
line or to a master control room where it
is mixed with signals from the studio, the

network line, or outside points. Here again
the operation is directly comparable to
that of a standard broadcast setup.

There are several major differences, how-
“ever, in the video setup. One of these 4
due to the fact that the video output
the camera has several qualities, such as
brightness, contrast and focus, which re-
quire constant supervision. This operation
is roughly comparable to that of riding
gain in an audio setup. It is, however, a
much more complicated process, and for
this reason is generally separated from the
mixing or switching function. In all but
the smallest setups, this supervision of the
individual camera signals is exercised by
a “video operator” who sits at a video
console (Fig. 7). This console is made up
of sections usually referred to as camera
control units. There is one of these con-
trol units for each studio camera and one
for each film camera. Each unit (Fig. 5)
contains a picture monitor showing at all
times the picture picked up by the camera

1 All of the RCA television equipment units
referred to in this article are described in de-
tail in individual equipment bulletins ayailable
from the Television Equipment Sales Section,
RCA Engineering Products Dept.,, Camden,
N. J.

FIG. 1. Type TP-35A 35mm Television
Film Projector which enables television
broadcasters to use standard 35mm mo-
tion picture film as program material.

FIG. 2. Type TK-20A Film Camera. This
camera converts motion pictures pro-
jected from 16mm or 35mm projectors to
video signals for television transmission.

This

FIG. 4. Microphone Boom and Perambulator.

boom enables the audio man in the
studio to pickup the sound while keeping
the microphone out of the view of the camera.

RCA UNIT-BUILT EQUIPMENT LENDS ITSEI.'

FIG. 3. Type TC-5A Program Director’s
Console. This console provides the pro-
gram director in the control room with
pictures of the scenes being picked up
by the studio cameras, so that he can
choose the picture to be transmitted.

www.SteamPoweredRadio.Com
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it is associated with. It also contains an
oscilloscope for “waveform” monitoring
and all of the necessary controls for adjust-
ing the brightness, contrast, focus and
other attributes of the particular camera
Ccture. The video operator uses these con-

Mols to keep the several camera pictures
in optimum adjustment at all times. Thus,
the technical director, or whoever does the
switching, is free to concentrate on the
action without worrying about the camera
adjustments.

Another major difference in the video
setup is occasioned by the fact that video
signals cannot be “piped” about quite as
freely as audio signals. For this reason it
is usually necessary (in all but the small-
est systems) to employ relay switching.
Thus, the video switching setup of most
stations will correspond more nearly to the
relay type of audio switching used in
the larger broadcast station and network
studios.

The audio equipment used in a televi-
sion station is very much like that used
in a standard broadcast station. There are,
however, several minor differences. One is
occasioned by the fact that the micro-
phones must be kept out of sight. This

4

usually requires either more microphones
or else the use of elaborate boom mounts
(Fig. 4). Another is the desirability of
being able to add background sound (from
a transcription turntable) and have it
heard in the studio (which involves some
changes in control circuits since most
standard audio equipments are interlocked
to prevent this).

The audio control requirements for TV
also differ somewhat from those used in
AM and FM broadcasting. In TV studios,
microphones are usually suspended on the
ends of movable boom stands. The boom
operator, under the direction of the audio
engineer, maintains the placement of the
boom microphones for best sound pickup.
He must also keep the boom and micro-
phone out of the view of the camera. Good
communication, therefore, must be main-
tained between audio engineer and boom
operator. This necessity of directing the
microphone movement (in addition to his
normal job of riding gain) keeps the audio
operator much busier than in standard
broadcasting.

Because the video and audio operators
are so busy exercising their individual mon-
itoring functions, it is standard TV prac-

tice to place the actual switching (or
mixing) operation in the hands of a third
technician who is usually the technical
director. The location and arrangement of
facilities for switching varies widely with
the type of setup (and with the per-
sonal preference of station planners). In
medium-sized stations, a simple but effec-
tive arrangement consists in adding to the
video console two additional monitor sec-
tions. These sections (Fig. 5) are sim-
ilar in size and appearance to the camera
control units. One of these acts as a mas-
ter (or program) monitor. On its screen
appears at all times the picture output of
the control room (i.e., the picture being
sent to the transmitter or the master con-
trol room). There is a space on this unit
for a panel containing a push-button
switching system with lap-dissolve levers,
signal lights, etc. The technical director
uses these controls to select the picture for
transmission. The monitor in the unit gives
him a constant visual check on the trans-
mission. Ordinarily a second unit, similar
in size and arrangement, is located next
to the master monitor. This second mon-
itor is used as a “preview” monitor. The
technical director uses a set of push-but-
tons on it to select the camera input he

QO A VARIETY OF TV STATION LAYOUTS

FIG. 5. Video Console Section. A num-

ber of these sections, each containing

10-inch picture monitors, make up the

video consoles shown in Fig. 7 and
in the layout photos.

1G. 6. Television Audio Console. This
console is the control center for the
audio part of the television program.

FIG. 8. TK-10A Studio-type Camera and

Pedestal.

FIG. 7. Video Console. These sections can
be individually equipped as TK-10A camera
controls, TS-10A camera switching systems,
and “preview’” and program monitors sections.

www.SteamPoweredRadio.Com
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proposes to use next. This allows him to
monitor (for quality and action) his up-
coming shot. This monitor may also be
used to take visual “cue” from a preced-
ing program by switching to the video line
from the preceding origination point.

The “master” and ‘“preview” monitors
obviously do not have to be a part of the
video console. They may, if desired, be
located some distance away as, for in-
stance, on an elevated platform beside the
program director’s position. Several such
alternatives are shown in the equipment
layouts which are described in the follow-
ing pages. Also described are several dif-
ferent types of switching controls. How-
ever, the general operation is the same in
all cases.

It will be evident by now that the major
difference between TV and AM (or FM)
equipment layouts is in the relative com-
plexity of the former. In addition to the
three technicians mentioned above, the
active personnel in a TV studio control
booth usually includes a program director
and one or more assistants. All of these
people must be provided with some moni-
toring facilities. Here again there are wide
differences between setups. In the smallest
layouts, the program people simply peek
over the shoulders of the technicians. In
the most elaborate setups, the program
director has his own program console
(Fig. 3). Various program monitoring set-
ups are described in connection with the
lavout description on following pages.

Basic TV Studio Control System

The control systems included in the tele-
vision layouts treated in this article are
similar in arrangement to those used in
broadcast stations of corresponding size.
Thus, in this respect also many of the
operational procedures used in AM broad-
casting are carried over into television
broadcasting.

The average television program consists
of a succession of studio pickups, plus the
occasional inclusion of signals from remote
points or other studios. A simple example
of the latter is the insertion, into the pro-
gram, of a station identification slide or
short picture sequence originating in the
film projection room. Another is the occa-
sional (although less frequent) insertion
of outdoor scenes picked up by field equip-
ment and fed to the station by line or
microwave relay. Thus, even though the
major part of any one program will orig-
inate in one studio, with control of the pro-
gram centered in its control room, some
provision must be made for coordinated
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FIG. 9. Simplified diagram of the camera switching and
master switching systems. Jack panels, rack-mounted near
the switching relays, permit program material to be patched

directly into any control position.

control of the remote signals, as well as
the signals emanating from the projection
room and other studios. In almost any
television setup, switching from local to
remote signals can be done, of course, in
master control. But a feature of the lay-
outs described here (with the exception of
Types A, B and C which have a single
combined control room) is that the remote
signals and the signals from other studios
may also be brought into any of the cam-
era switching systems, thereby allowing
control of all program source material
within any studio control room, as well as
in master control. Fig. 9 is a simplified
drawing of such an arrangement. Note that
video plugs and jacks are employed be-
tween the cameras and camera switching
relays, and at one point, into the master
switching relays. By locating all these jacks
and plugs in one room such as master con-
trol, remote signals as well as signals from
the projection room can be patched into
the control rooms of either studio. With
this arrangement, the program director in
the studio control room can introduce out-
side signals at any time into the studio

program line. Another useful feature of
this system is that the output from a
studio camera or film camera can be
patched directly into the master switching
relays (S7 and S8). This permits a test
pattern or announcement slide to be placed
on the transmitter line without disturbing
the operation of either studio, which may
be engaged in rehearsal or feeding a net-
work program.

It will be noted that the system just
described closely parallels that used in
broadcasting, except that the cameras take
the place of microphones and relays are
used instead of key switches. The audio
equipment used with the video equipment
is arranged in the same manner and can
be arranged to have the corresponding
audio master switching relays (equivalent
to the video master switching relays Si,
S2, S3 and S4) interlocked so that both
sets of relays are operated from one set
of controls. For simplification, the descrj
tion of video and audio facilities in thiigy
layouts has been handled separately. The
audio facilities are outlined at the end of
the article.
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FIG. 10. This partial floor plan shows

the space and housing facilities re-

quired by the standard size station for

the origination of studio and film shows.

Clients’ viewing room is located above
the studio control room.
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FIG. 12. Typical Control Room for the Type A Small Television Station. Two console sections with picture monitors (center) are standard
studio conirol room uniis. Portable field-type units on the right, when not used for outdoor pickups, are placed in the control room for
production of local studio shows. At left are transcription turntables and the audio control console.

TYPE A LAYOUT FOR A STATION WITH ONE LIVE TALENT

STUDIO,

This plan for a small television station
provides the facilities necessary for broad-
casting the four main types of television
programs; namely, (1) network programs
received by coaxial cable from the studios
of a network key station, (2) standard
16mm entertainment and commercial films,
(3) local studio programs, including live
talent, and (4) programs “picked up” at
points remote from the studio with port-
able field equipment, and which are sent
to the station via coaxial line.

Broadcasting of these four types of pro-
grams with an equipment which represents
a relatively low initial investment is made
possible by dual use of the RCA Television
Field Equipment. This equipment, which
consists of portable field cameras, plus
small-size, easily portable auxiliary units,
is especially designed for use in picking up
programs from locations outside the studio
—such as boxing matches, football games,
nightclubs and the like. In medium-size
and larger television stations it will, most
likely, be used exclusively for that pur-
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pose. However, in small stations (where
studio programs may be relatively few in
number) it can also be used, at least in the
initial stages, as the regular studio equip-
ment. Special, inclined-top tables can be
used in the control room to accommodate
the camera control units. These tables
when placed side by side with the audio
or video consoles form an attractive studio
control room layout. The field type cam-
eras when used in the studio can be
mounted on tripods fitted with mobile
dollies. Or, of course, the cameras can be
mounted on studio pedestals, or even on
crane-type dollies, if desired. Technically,
the field type cameras operate very well in
the studio.

The facilities for the Type A layout in-
clude: one live-talent studio, a film projec-
tion room, a combined studio and film con-
trol room and an announce booth. In larger
stations, the projection room has a control
room too, but in this plan for the small
station the studio control room houses the
film camera control equipment as well as

FILM PROJECTOR AND CONTROL ROOM

the studio camera control equipment. Thus,
it becomes a combined film and studio
control room. Master switching, i.e. be-
tween studio, film and remote signals, is
also done in the studio control room in
this layout.

Studio Equipment

Equipment for the studio of the small
station consists of two RCA field cameras
plus the necessary lighting and props re-
quired to put on live-talent shows. The
field cameras are complete with electronic
viewfinders and folding tripod mountings.
As previously mentioned, special studio
pedestals or crane dollies can be made a
part of the studio equipment to enable the
cameramen to dolly the cameras, as well
as move quickly between two or three
“sets” methodically arranged in the one
studio. Power for the cameras is supplied
through the camera cable from the studj
control room. The cameras, microphone.
and their mountings, therefore, are the only
items of television equipment required in
the studio.
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Control Room Equipment

When the two field cameras are used in
the studio for producing live-talent shows,
the complete control room equipment will
be that shown in Fig. 12. The major items
consist of a three-operator console (re-
quiring a program director, one audio and
one video operator), two audio turntables,
and equipment racks to house the ampli-
fiers, sync generator, and power supplies.
The control room console is actually made
up of separate audio and video units. But
these units are designed to go together to
provide a console with unified appearance.
The audio control equipment shown in the

otos consists of two consolettes. The

A 76 consolette is the large one next
to the video monitors, and the small con-
solette to the left provides an additional
audio channel and private telephone cir-
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cuits. This audio equipment is described
more fully following the description of
these layouts.

At the video operator’s position are (a)
the two field type camera control units for
the cameras in the studio, (b) a field type
switching system, and (c) three field type
power supplies. Each of the two camera
control units contains a 7-inch picture
tube, waveform oscilloscope and manual
controls for making the necessary adjust-
ments of the picture signals. It is through
manipulation of these camera controls that
the video operator, while watching the pic-
ture produced by each camera, controls its
technical aspects. He makes sure each pic-
ture has the proper shading and contrast,
and that the video and sync levels are cor-
rect, as indicated by the built-in oscillo-

scopes. Moreover, he may, at the request
of the program director seated beside him,
switch the selected signal into the program
line; although, it is possible that the di-
rector may choose to do his own switch-
ing, while at the same time previewing
these signals on the picture tubes of the
camera controls. The field switcher, which
serves for switching any of the incoming
signals (including network, film or remote
line) to the transmitter room, is located
close to the program director for that
purpose.

In this plan A setup for the small sta-
tion, the program director is seated before
two standard control room units (a) a
line monitor and (b) a film camera con-
trol unit. Both of these units are installed
in standard studio console housings. In the
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upper compartment of each housing is a
TM-5A Master Monitor, which has a
10-inch picture tube and a 5-inch CRO
tube. This is the monitor which is used in
all RCA standard studio and master con-
trol room equipments. It is illustrated in
Fig. 5, Page 15.

The film camera control has a function
similar to that of the field camera control
unit in that it supplies the blanking and
driving signals for the film camera, and
also reproduces a preview picture of the
signal generated by the film camera. Con-
trols for adjustment of picture levels and
shading are located on the console. The
film camera control is located adjacent to
the video operator so that he can con-
veniently observe the picture being dis-
played on the monitor and keep it at all
times technically suitable for broadcasting.

The line monitor alongside the film cam-
era control provides the director with a
large bright picture of the video signal
being sent (through a rack-mounted mas-
ter switching panel) to the transmitter
room. This picture appears on the monitor
as the desired video signal is switched into
the transmitter room line. There is a pos-
sibility that in some station layouts the
control room rack which contains the mas-
ter switching panel might be located so
that the video operator could conveniently
reach the switching panel. In this case. the
switching panel would then become a mas-
ter switching position which would enable
the operator to view the selected signal
on the preview monitor before he switched
it to the transmitter room. In either case,
of course, the camera control units provide
excellent preview pictures, so that a special
preview monitor is not an absolute neces-
sity in this layout. Power supplies, for the
line monitor and film camera control mon-
itor are mounted in the control room
equipment racks.

When the two field cameras are used
outside the studio to make remote pickups,
the two field camera control units, the
three field type power supplies and the
field switcher are removed from the con-
trol room and taken along with the field
cameras and a field type sync generator.
These units can be readily removed and
replaced without disturbing other equip-
ment in the control room.

During field use of the cameras, there
will be three possible sources of program
signals: (1) Remotes picked up by the
field cameras and relayed by coaxial line
to the control; (2) Film signals produced
in the projection room; and (3) Signals
coming in from an outside network. All

www.SteamPoweredRadio.Com

FIG. 14.

(Above) Projection Room Setup Consisting of Two TP-16A 16mm

Film Projectors, TP-9A Multiplexer (center) and TK-20A Film Camera (rear).

Multiplexer operation is illustrated in diagram below. The TP-9A Multiplexer

consists of two mirrors and provision for mounting a slide projector. Images

from the slide proiector, or from either film projector, focus directly into
the film camera.

these signals are fed to the rack-mounted
switching panel in the control room, from
which the program director can select the
program signal and route it to the trans-
mitter room. Any one of these signals can
be viewed on the monitor, before it is
switched to the transmitter line.

Projection Room Equipment

The film projection room equipment for
this typical small station consists of a
single 16mm film projector, a film camera
for translating the projected picture into a
video signal, a rack-mounted picture mon-
itor, and a film multiplexer. The film multi-
plexer has two mirrors mounted at the re-

FACE OF
CAMERA TUBE

RCA 16mm TELEVISION §
p PROJECTOR OR RCA
B 35mm PROJECTOR

RCA 35mm TELEVISION
PROJECTOR OR RCA
16mm PROJECTOR

MIRROR

SLIDE PROJECTOR
IS MOUNTED HERE

MULTIPLEXER

quired angle for projecting the images from
either one of two projectors on the pickup
tube in a single film camera. Use of the
multiplexer is suggested in this layout be-
cause it is also fitted with a slide projector
which can be used for station identifica-
tion or for projecting other stills.

Technical Aspects

A functional block diagram of the equip-
ment required by plan A of the small sta-
tion is shown in Fig. 13. This diagram also
shows the schematic arrangement of th
various units.

Direction of signal flow between the
units is indicated by the arrow-headed
lines. Signals brought in through the net-
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FIG. 15. The synch-onizing generator,
power supplies, amplifiers, and in some
cases, video monitors are rack-mounted
items. The three-section rack shown
he-e contains the TG-1A Studio Sync
Generator (left section), TK-1A Mono-
scope Camera, TM-5A Master Monitor,
TA-1A Distributicn Amplifier (center sec-
tion', TRR relay receiver control, three
WP-33A Power Supplies (right section).

work line or remote pickup line are already
mixed with sync. This is the usual condi-
tion, the sync being added at the remote
source of programming. On the other hand,
the video signals from the film camera and
from the field cameras (when they are used
in the studio) obtain sync from the RCA
Type TG-1A Studio Sync Generator (also
located in the control room).

The switching system is designed so that
the Type TS-1A Switching Panel, a rack-
ounted unit, is a master switching point
Or selection of the major program sources
for the transmitter. This makes it possible
for the station to use the TS-30A Field
Switching System solely for studio re-
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hearsals, during which time the TS-1A can
be used for switching between network or
film signals. Two identical outputs from
the film camera feed video to the field
switcher and to the distribution amplifier.
Sync is added in each of these units.
Therefore, when the field switcher is used
along with the field cameras to make re-
mote pickups, and the TS-1A panel is in
use at the control room, the distribution
amplifier will combine sync with the film
camera signal. Of course, the Type TG-10A
Field Sync Generator can be used as an
auxiliary for emergency operation. Like the
other field units, this generator is a port-
able suitcase-type unit. It is used during

outside pickups to supply driving signals
to the field cameras and sync to their video
outputs.

The Stabilizing Amplifier, through which
the network programs pass, is a six-stage
video amplifier with special keying and
clipping stages. It removes low-frequency
disturbances which may be present in the
line, and enables the operator to match
the sync and video levels of incoming sig-
nals to that of the signals generated by the
local cameras.?

3 For an explanation of the operation of the
Stabilizing Amplifier see “How To Use The
Stabilizing Amplifier” by John H. Roe, Broap-
cast NEws No. 49, Page 34.
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TYPE B LAYOUT FOR A STATION SIMILAR TO TYPE A,
MODIFIED TO PROVIDE ADDITIONAL PROGRAM FACILITIES

Plan B for the small television station
differs from Plan A principally in the tech-
nical facilities available for programming.
This plan requires slightly more control
room equipment and therefore is not quite
as economical from an initial investment
standpoint. The additional equipment, how-
ever, requires no greater floor space than
for Plan A, and the added facilities pro-
vided permit more flexible programming.

In Plan B, the program director can do
more than simply switch from one signal
to another. He can fade one camera out,
fade the other in, mix the two camera sig-
nals in a lap-dissolve, or hold them super-
imposed. This unique feature, a means for
very effective programming, is made pos-
sible by the use of RCA’s TS-10A Studio
Camera Switching System, which supplants
the field switcher used in Plan A. This
camera switching system (Fig. 17) is de-
scribed in detail in one of the RCA tele-

vision equipment brochures. It consists of
a studio console section identical to the
director’s monitor section in Plan A. Like
this section, it has a large-picture monitor
mounted in the upper compartment, but
in addition, a mixing amplifier chassis
(which performs the technical process of
dissolving signals) is mounted in the lower
compartment.

In the Type B setup the program di-
rector can preview network and relay sig-
nals on the monitor directly in front of
him before switching them into the trans-
mitter room. There is a selector switch on
the TS-10A panel which enables him to
do this. Thus, the monitor in this setup
can be both a “preview” and “line” mon-
itor for the remote signals. Of course, the
monitor in the film camera control section
of the console serves for previewing the
film signal, and the field camera controls
provide preview of the studio cameras, so

that this signal, if desired, is visible to
the program director at all times. l

The photo, Fig. 16, shows the equip-
ment arranged in the control room. As
can be seen, this layout is similar to that
for Plan A. Actually it requires somewhat
less space than Plan A because the field
switching system is not needed in the con-
trol room, and the more elaborate TS-10A
Switching System occupies space already
available in the program director’s preview
section of the console.

As in Plan A, film facilities are fur-
nished by a film camera, a 16mm pro-
jector and a slide projector located in the
projection room. The film camera control
is a console section similar to the studio
camera controls, and is located with them
in the control room. The projectionist
utilizes a 10-inch picture monitor for cue-
ing and for changeover. This monitor can

FIG. 16. (Below) Control Room for the Type B Small Station. This equipment layout utilizes the Type TS-10A Camera switching and
lap-dissolving system, designed for studio control room use. Video units are identified in the block diagram, opposite page.

www.SteamPoweredRadio.Com

R
-
S



http://www.SteamPoweredRadio.Com

be mounted in the rack which houses the
projector control mechanism, if desired.
The Multiplexer is a device which has
provisions for mounting a slide projector,
and two mirrors mounted at the required
ngle for reflecting the images from either
of two film projectors on the pickup tube
in the film camera. Thus, by the addition
of another projector, this setup can be
easily made to handle multi-reel film shows.

FIG. 17. (Above) Closeup of the TS-10A Switching

System. With this system, the program director or

the technical director can select the desired camera
picture, or superimpose two pictures.

FIG. 18. Block Diagram of the major video items used in the Type B Small Station Layout. The TS-10A Camera
Switching System is mounted in a section of the video console. The Master Switching Panel is rack-mounted.
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FIG. 19. Control Room of the “Standard” or Medium Size Type C Television Station. This station utilizes Studio-type
Cameras and control room equipment. In this layout, field-type cameras and auxiliary control units are used for
outdoor and remote pickups.

TYPE C LAYOUT FOR A STATION WITH INDEPENDENT
FACILITIES FOR MAKING STUDIO AND FIELD PICKUPS

The Type C layout is suitable for the
so-called “standard” or medium-size tele-
vision station. In addition to field camera
equipment, it includes studio type Image
Orthicon Cameras in the studio, and stand-
ard RCA studio type control room equip-
ment. Thus, studio programs can be put
on even when the field equipment is at
some remote location. It has other advan-
tages over the small station layouts pre-
viously described, in that, (1) network
shows, field pickups, and film shows can
be run independently of the studio rehear-
sals and (2) studio and film productions
can be combined with field pickups or other
remote signals.

A typical floor plan for the Type C
station is shown in Fig. 10. The layout
includes a large live-talent studio, a pro-
jection room, a combined studio and pro-
jection control room, an announce booth,
engineering workshop, and props and
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dressing rooms. The studio has adequate
floor space to accommodate all scenery,
property, floor lights, microphone booms,
camera dollies, etc. Since there is only one
studio in this type station, sufficient space
is provided for setting up more than one
scene. With sets at either end, for instance,
the cameras in the center of the studio can
shoot either way. The announce booth is
provided with a microphone and video
monitor. The video monitor displays a pro-
gram line picture so that the announcer
can see the scene he is commenting on.

In this layout, a program director works
directly with one audio and one video
operator. The program director is seated
at the console located in front of a window
looking into the studio, from where he does
all the switching, and directs the show
through the intercom system. Seated on
the director’s right is a video operator
whose duty it is to get a technically good

picture from each camera. The audio
switching and control are done by the
audio operator who sits to the left of the
program director. Line amplifiers and
power supplies for video and audio are
located in equipment racks. These racks
may be located in an adjoining room if
desired. However, it is a distinct advantage
to have them on the same floor level, to
permit easyv movement of video and test
equipment between the areas.

Fig. 20 is a functional block diagram of
the equipment used in the Type C layout.
The combined studio, film and master con-
trol room has all the necessary monitoring
facilities to monitor and cue the programs
emanating from remote points or from both
the projection room and the live-talent
studio. Tt also has the switching faciliti
for routing any of these signals to t
transmitter. Video control equipment con-
sists of a TS-10A Switching System, two
studio camera controls, one film camera
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FIG. 20. Block Diagram of the Major Video Units Used in the Type C Station. Master switching in this layout is
performed at the video console. Note use of video jacks for patching sources of signal into either the camera or
master switching systems.

°

FIG. 21. (Right) Closeup of Master Switching

Position. These pushbutions, mounted in a con-

sole section, electrically operate relays rack-
mounted in the control room.

control, a combined preview monitor and
master switching section, and a remote con-
trol panel. The TS-10A Switching System
serves for switching between the two studio
cameras, film camera and remote incoming
signals such as network or relay signals.
The associated line monitor displays the
signal going to master control. It also
can be used to preview network and relay
signals. The remote control panel is
mounted in a console section at the right
end of the video console. By means of the
controls, the operator can make video and
sync level adjustments on rack-mounted
video amplifiers and sync insertion units.

and two outgoing lines. One outgoing line

Master Switching is connected to the preview monitor which
The master switching panel is mounted provides for preview of any of the six in-
Qon a sloping portion of the console desk puts. The other outgoing line is connected
top (see Fig. 21). It consists of a num- into the transmitter. The operator, from
ber of pushbuttons which electrically op- his position at the console, can preview
erate the rack-mounted master switching upcoming signals from all sources on his
relays. It can accommodate six input lines preview monitor. He can also switch any
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desired signal to the two outgoing lines.
As can be seen by the block diagram, this
layout employs a number of video jacks.
These jacks, which are all rack-mounted on
panels adjacent to each other, enable oper-
ators to patch in any signal either remote
or local to either the camera switching
system or the master switching system.
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Elevated Platform Setup

Fig. 22 shows another possible arrange-
ment for the equipment in the Type C
control room. This arrangement requires
another operator (technical director) at
the video console. In this plan, the pro-
gram director and audio operator are lo-
cated on a platform (2 or 3 feet high)
behind the console desk, where they can see
all the video monitors as well as all studio
action. The video operator is located at
the console desk in front of the control
room window, to the right of the technical
director who has charge of all technical
aspects of programming and who does all
video switching.

In the platform arrangement, which
actually can be used in any of the layouts
described, it is important that the program
director’s desk be as close to the video
console as possible to enable the director
to look over the heads of the video oper-
ator and technical director. Therefore, the
distance between platform and console
should be kept to a minimum (2 feet, if
possible). This, combined with the height

of the program director’s pOSitiOl’l gives FIG: 22. Some broadcasters prefer to locu!e the program director uxzd audio

: 5 . , engineer on an elevated platform to provide them with a better view into
him .a view of the studio and the video the studio. Shown on the platform in this photo is the audio control console,
monitors. Station layouts Types E and F plus a desk section providing space for the program director and his scripts.

described later, however, make use of the
RCA Director’s Console which provides
both preview and line monitors in front
of the director, and thus obviates the need ‘
for a platform arrangement.

12-9" > %’

FIG. 23. Plan View of Type C Conirol Room

= o -

T 5 Showing Program Director’s Plaiform and Arrange-
ment of Control Equipment. The racks contain
audio and video amplifiers and power supplies.
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FIG. 25. Studio Control Room of Type D Layout. This layout has a separate control room for the live talent studio, which
permits camera rehearsals while remote pickups, network or film shows are being broadcast through master control.

 }

TYPE D LAYOUT FOR A STATION PROVIDED WITH A
SEPARATE CONTROL ROOM FOR ITS LIVE-TALENT STUDIO

A further refinement in the design of the
television station is the provision of a sep-
arate control room for the live-talent
studio. This makes it possible for studio
rehearsals to be conducted using the sep-
arate control room, while at the same time,
broadcasts of network, relay or film pro-
grams are being handled in the combined
master and film control room. Thus com-
plete camera rehearsals of studio programs
can be run without interrupting regular
program output of the station.

The studio control room in this case
employs a four-section video console com-
prising a TS-10A Camera Switching Sys-
tem, two studio camera controls and a
preview monitor. The combined master and
film control room consists of a five-section
video console which employs a TS-10A
Switching System (for switching and lap-
dissolving between the two film cameras),
two film camera controls, a transmitter line
monitor, a preview monitor and a console
section containing the master switching
pushbutton and a control panel for remote
control of the gain and other functions in

www.SteamPoweredRadio.Com

stabilizing amplifiers and relay receivers.
The remote control panel is not a neces-
sity, since the units which it controls are
usually rack mounted in the control room.
However, remote control of these units per-
mits a single operator to make adjustments
at the console while watching the picture
on the adjacent preview monitor. Also, this
svstem of remote control can be extended
to include stopping and starting of film
projectors, adjustment of monoscope cam-
eras and shifting of sync generator phase,
thus permitting many operations to be car-
ried out from one point in the control
room.

A typical arrangement of the equipment
in the Type D studio control room is
shown in the photo above. This control
room is a complete unit capable of putting
on live-talent shows, film shows, network
programs, outdoor pickups, and slides. The
flexible system of jack panels in the mas-
ter control room enables any of these sig-
nals to be patched into, and thus be con-
trolled from, either the studio control room
or master control. Another feature, the

use of preview relays (controlled from a
switching panel on the preview monitor
desk) provides preview pictures of any
one of these signals.

Using the studio and this control room,
both production and technical aspects of
the television program can be carried out.
The photo shows positions for three oper-
ators: left to right, they are audio oper-
ator, program director and video operator.
Here, the program director has charge of
all camera switching which he can perform
bv use of the TS-10A switching svstem
in the console section before him. The pic-
ture appearing on the monitor in this con-
sole section is that from the camera which
he selects for program line. The picture
appearing on the monitor in this console
section is that from the camera which he
selects for the program line. The video
operator’s duty is to keep each of t
cameras at the proper contrast and brighW@/
ness levels and in general maintain good
picture quality. Preview pictures from each
camera, of course, are viewed on the two
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FIG. 26.

projection room, network lines and microwave relay.

(Above) Combined Film Control and Master Control Room of the Type D Station. Audio and video console handles output from film
FIG. 27. (Below) Block Diagram of Video Units in Type D Layout. The video console in
each control room contains a TS-10A Camera Switching System. Through a rack-mounted system of jacks, any source of signal can be fed to
either control room for cue or insertion into the program.
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camera control monitors in front of the
video operator. The preview monitor at
the right end of the console displays the
signal (relay, network, or film) which
could be broadcast during studio rehear-
sals, or switched in as a part of the studio
program. Thus, the preview monitor pro-
vides a means for cueing the studio show
into the program line, when necessary, as
well as previewing external cameras to be
switched in. Use of patch cords and jacks
in master control makes it possible for the
program director from his position in the
control room to switch films in as part of

a studio show. Films and slides are fre-
quently used during station identification
breaks.

The schematic arrangement of the en-
tire video switching system is shown in the
block diagram of Fig. 27. Video signals
from the studio cameras, film cameras and
monoscope test camera are fed to their
respective switching systems in the studio
control room and in the master and film
control room. Output from the studio con-
trol room as well as from the projection
room is fed to the switching system in the

master and film control room, where the
desired program signal can be selected. As
in the C type layout, pushbutton operated
relays are used for master switching. The
master switching system in this layoufg.
however, has an additional bank of relaym
which provides an additional output line.
These output lines can feed to the trans-
mitter room, to clients’ viewing rooms or
even to a network line. Switching between
film cameras is performed by a TS-10A
Camera Switching System identical to that
used in the studio control room.

FIG. 28. Partial Floor Plan for the Type D Station. The equipment arrangement shown is for the Type E station described on the
following page. The floor plan will serve for both D and E Type layouts. Note location of announce studio so that visual cue can

be taken from either control room.
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FIG. 29. Studio Control Room of the Type E Layout. This layout employs two control rooms,
Director’s Console (center), described in the text. Video Console at right displays pictures from each of three Studio Cameras plus

picture on studio output line.

and features the utilitarian Program

TYPE E LAYOUT FOR A STATION SIMILAR TO TYPE D, MODIFIED

FOR FURTHER FLEXIBILITY

The fifth type of television station is
the Type E arrangement. Like the Type D
previously described, Type E employs one
live-talent studio, a studio control room,
a projection room and a combined master
and film control room. It differs from the
D layout in that an RCA Program Direc-
tor’s Console (center in photo above) re-
places the TS-10A Camera Switching Sys-
tem in the video console. The director’s
console has a pushbutton switching panel
which operates rack-mounted relays for
camera switching. It also has large picture
monitors which provide the director with
preview and line pictures. Another differ-
ence in the layout is the use of three studio
cameras instead of two: Space in the video
console section previously occupied by the
TS-10A Camera Switching System now
houses the camera control chassis for the
additional camera. As in layout D, a

S-10A Camera Switching System is used
for switching between two film cameras
and remote signals. A functional block
diagram of the layout is shown above.

www.SteamPoweredRadio.Com

Use of electrically-operated relays for
studio camera switching adds to the layout
flexibility of the system, particularly as to
the locations of the control rooms. This
becomes even more important when more
than one studio is provided. Delay com-
pensation for the different studio runs is
simpler when all camera switching is done
at one central location.

Camera Relay System

The camera switching system used here
is designated as the Type TS-20A Remote-
Control Studio Switching Equipment.
Basically it consists of the program console
with its monitors, banks of momentary-con-
tact pushbuttons and tally lights, and fader
controls mounted on the console desk, plus
associated rack-mounted equipment such
as relay panels and fader and stabilizing
amplifiers. As can be seen in the drawing,
signals from all cameras including mono-
scope test cameras, network and relay sig-

IN ARRANGEMENT AND

UTILITY

nals, when patched into the relay system,
can be switched to master control. These
local signals can also be lap-dissolved and
faded.

The Program Director’s Console is an-
other outstanding feature of this layout.

This console, which is illustrated in Fig.
30, is designed expressly for use by pro-
gram and technical directors in supervising
studio programs. The console is only 37
inches high (which provides full view of
the studio). It can accommodate as many
as five 10-inch monitors, which are re-
cessed below the desk top to prevent direct
light from striking the screens. These five
monitors can provide the directors with
preview pictures of all cameras if desired,
plus pictures from a network signal and
the program line. The photographs show
the arbitrary use of three monitors in the
console: a preview monitor which displays
the picture produced by any one of the
three cameras; a line monitor which dis-
plays the signal switched to master con-
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FIG. 31. Block Diagram of the Type E Layout. In this layout studio camera switching is performed at the program t

director’s console. Pushbuttons mounted on the console operate relays rack-mounted in the control room.

trol; and an ‘“air” monitor which shows
the picture on the output line of the master
control room.

The Director’s Console is unique in that
the program and technical directors have
large bright pictures of the program di-
rectly before them and need not depend
on their ability to see the monitors in the
video operator’s console, which mav be
located several feet away. In this setup.
the technical director would ordinarily do
the necessary switching at the request of
the program director. Both directors can
use the intercom and talkback system.
built into the console, for communicating
with production and technical personnel at
the cameras and in the control room, pro-
jection room, dressing rooms, etc.

Use of a number of distribution amnli-
fiers on the outgoing lines of the master
switching system provides in this lavout
three independently switched output line
from master control. These output ]ine./

may be used to feed the transmitter room,
FIG. 30. Typg TC-5A Progrcn.x Dlr?ctors Cfmsol.e. This modern consol? pro}nde'; clients’ viewing rooms, and one or more
the program director and technical director with pictures of the scenes being picked 1
up by the individual cameras, from which the program signal can be selected. networks lines.
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TYPE F LAYOUT FOR A STATION UTILIZING TWO (OR MORE) LIVE-TALENT STUDIOS

Type F is a complete equipment layout
for a “master” television station with facil-
ities for the production and broadcasting
q all types of television programs. It in-

udes facilities for simultaneously orig-
inating and rebroadcasting different net-
work shows. Such a station is usually
provided with: (1) a film projection room
with a projection control room; (2) two
or more studios with individual control
rooms, so that live-talent rehearsals can be
carried out while studio programs are on
the air; (3) facilities for picking up out-
door events; and (4) a master control
room in which the desired program mate-
rial can be selected from any of the above
mentioned sources.

The Type F layout does not represent
the ultimate as far as a station layout

is concerned; but it does illustrate the
schematic arrangement of the equipment
required for a station employing two stu-
dios and providing the facilities needed
for the master type station. This layout
is designed to furnish a high degree of
flexibility in programming. Facilities are
provided to handle live-talent shows.
films, outdoor pickups and remotely orig-
inated shows. while rehearsals are in
progress at the station. It consists of a
large studio (Studio A) with its own con-
trol room; a smaller studio (Studio B)
with its own control room; a projection
room with its own control room; and a
master control room. Each of the studios
is a complete unit, capable of producing
live-talent shows. Output from film control
and from each of the studios, as well as
signals from networks and remote pickups

are routed through master control where
the signal to be fed to any one of the out-
going lines can be selected. The flexible
svstem of jack panels permits remotes, film
and other studio outputs to be switched
at either of the studio control rooms as
well as at master control.

Film Facilities

The projection room houses the film k
projectors, film cameras, and slide projec-
tors. Three film cameras can accommodate
as many as six projectors, using the Type
TP-9A Multiplexer, a mirror device pre-
viously described. However, as suggested
in the drawing, a more utilitarian arrange-
ment might be to set up one film camera
which will handle slides exclusively, and
provide four film projectors (two 16mm

FIG. 32. One of the Studio Control Rooms in the Type F Station. This type station employs two or more studios each with
similarly equipped control rooms. Several other physical arrangements of the unit-built control equipment are possible.
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and two 35mm) to be used with the other
two film cameras. However, the Multi-
plexers can be obtained equipped with
slide projectors so that it is possible to
insert slides into any camera chain even
though it has been set up with two motion
picture projectors.

The switching system for the film cam-
era control room is a relay switching sys-
tem of the same general type used in the
studio control rooms. The pushbuttons
which operate the relays are mounted on

the desk section of the video console lo-
cated in the film control room. The system
is capable of switching and fading between
any of the three film camera outputs. Jack
panels located in master control also pro-
vide for patching in remote signals or
signals from other cameras to this switch-
ing system. In addition to the above, the
output of each film chain is connected to
the master switching system through a
distribution amplifier (where the sync sig-
nal is added). This makes it possible to
put on film shows or preview a film in a

client’s room without use of the camera
switching system.

Remote Signals

Facilities are available for handling a
number of remote signals by telephone
company lines and by microwave rela
Stabilizing amplifiers are available on the
same jack panels as the incoming signals
so that they can be connected into the
circuits. The stabilizing amplifiers are de-
signed to set the proper synchronizing-to-
picture ratio and to improve the quality
of the synchronizing signal of incoming
remotes. The stabilizing amplifier utilizes
clamp circuits to remove hum, bounce, and
other line disturbances.

The relay receivers and the stabilizing
amplifiers are rack mounted in the master
control room and their remote controls are
brought to a console section for con-
venience in setting up and operating the
equipment. Each of these pieces of equip-

FIG. 33. The Type F “master” station employs sepa-

rate control rooms for its studios, projection rooms

and for master control functions. Above photo shows

the master control console; below is the film control

console. Diagram at right is a partial floor plan of
the station.
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ment has two outputs available at jack
panels so that signals can be fed to the
master switching system or to the studio
camera switching system independently.

Master Control Room

All switching for the station (including
studio camera switching) is accomplished
by relays located in the master control
room. Video signals, local and remote, are
fed to jack panels where they can be con-
nected into any part of the system. All
camera signals are fed to a jackboard
where they are normally connected through
to the corresponding video switching re-
lays. These relays are controlled from
pushbuttons located in the various switch-
ing positions. Each studio control room has
associated with it three banks of inter-
locked relays, two for the fader amplifier
and one for the preview monitor.

The master control switching selects the

esired composite signal for transmission.
‘his system consists of six banks of twelve
interlocked relays each, thus providing for
six output circuits and up to twelve input
circuits. Two of the output circuits are
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FIG. 34. Diagram showing Layout of Control Rooms and Arrangement
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fed to two preview monitors located in the
master control console. The four remaining
lines can be switched independently to any
of the twelve incoming signals. This pro-
vides for four separate programs to be
transmitted at one time. Each of the four
outgoing program signals can be connected
to distribution amplifiers to give additional
outgoing lines to feed clients’ rooms, view-
ing rooms, offices, studios, etc.

The master control console itself con-
sists of five video console sections. Two
of these contain the two preview monitors,
one contains the on-the-air monitor, one
the switching controls, and one contains
the remote controls for stabilizing ampli-
fiers, relay receivers, and sync generator
phasing controls.

Two synchronizing generators (one a
spare) are provided in the master control
room with a switch to select the desired
generator for use. This then feeds distribu-
tion amplifiers to distribute the blanking,
driving, and synchronizing signals to the
various parts of the system. In case

of Equipment for the Type F Station.

the differences in physcial separation of
the master control room and the individual
studio control room is great, delay com-
pensation can be inserted between the sync
generator and the various distribution
amplifiers.

This overall system is extremely flexible
as it provides numerous combinations of
camera facilities for programming and re-
hearsal. Cameras and remotes can be
patched into any studio switching system
so that the program director at his console
in a studio control room can have complete
control over the switching of any studio
cameras, film cameras, or remotes that he
may require to make up a given program.
A complete film program can be run en-
tirely by master control room when so re-
quired. In this way the facilities of an
individual studio may be used for rehear-
sals while another studio or film is put on
the air. One film chain may be used for
a program while other film is previewed in
a client’s room without interference. Thus
almost any combination of facilities may
be used to suit the particular requirements
that may arise.
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the next show. Relays, mounted in racks in
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Video signal

t are loyed for all types of video

local and remote, are fed to jack panels where they can be inter-con-
nected into any part of the system. Diagram also shows the required power supplies. These units
can be rack-mounted in control rooms with video amplifiers, or in adjoining power supply rooms.

>———1’0 AIR MONITOR STUDIO ‘A"

PICTURE OQUTPUT
CIRCUITS



wigfi
Stolen 2 Line Transparent

wigfi
New Stamp

http://www.SteamPoweredRadio.Com

FIG. 36. The audio console above will handle the audio requirements for most television stations. Equipment shown is the Type BCS-3A

Auxiliary Switching Unit (smaller unit at left) and the Type 76-TV Consolette.

Television Station Employing a Single Studio, a Projection Room and Control Room.

(Below) Block Diagram of the Audio Control Setup for a
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TELEVISION AUDIO AND COMMUNICATION FACILITIES

The audio facilities at a television studio

re similar in most respects to those now
‘1 use at AM and FM stations. The prin-
cipal differences are: (1) provision must
be made for handling the sound channel of
television film projectors; and (2) means
must be provided for feeding transcription
sound to loudspeakers in the studios for
accompaniment of video performers, or for
sound effects.

There are, however, basic differences in
talkback and intercommunications require-
ments, these facilities for video being more
elaborate than those used in AM and
FM studios. In even the most modestly
equipped TV station, the communication
system at some time will be called upon
to perform these functions: (1) talkback
(override, carrying cue or orders to studio,
projection room, and announce booth—
a function of the audio facilities); (2)
Order-Wire (telephone facilities to offices
and to outside lines for communication with
remote pickup locations); (3) Intercom
(two separate channels to provide private
and conference wire communications—one
channel for production and one channel for
technical personnel).

Qeneral Considerations

As mentioned at the beginning of this
article, the audio engineer is responsible
for placement of studio microphones and
proper sound pickup. Present practice is
to use as few microphones as possible,
usually suspended on the ends of movable
microphone boom stands. Throughout the
show, the microphone boom operator,
under the direction of the audio engineer,
maintains the correct placement of the
boom microphone. He moves it in and out,
raising or lowering it as required to secure
the best sound pickup. Moreover, the boom
operator must keep the boom and micro-
phone out of the view of the camera.
Therefore, good communication must be
maintained between the audio engineer and
the boom operator. Also, the audio engi-
neer should be located so that he has a
good view of the outgoing line picture
monitor.

Boom stands require the use of light-
weight microphones. Moreover, the micro-
phone is subject to considerable movement

nd, therefore, must be constructed so that

will not pick up wind noise or other
noises when the boom is moved about.
RCA types 77-D, 44-BX, 88-A, and
KB-2C are used for studio pickup. The
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77-D, 44-BX and the KB-2C have adjust-
ments to attenuate low frequencies, which
is an advantage since it removes some of
the boominess present when the micro-
phones are several feet from the source of
sound.

Audio for A, B, and C Layouts

A typical TV setup for the types A, B,
and C layouts described in this article con-
sists of a single studio, an announce booth,
a film projection room and a combined
studio, film, and master control room. In
addition to the studio and film programs,
part of the station’s program probably will
be from a video network or remote pickups.
Basic audio and communications require-
ments for these three layouts* are then as
follows:

Studio:

(1) Four studio microphones with four
additional microphone lines that can
be patched to consolette input circuits.

Studio loudspeaker for turntable feed
and talkback.

On-Air Signals.

Intercom and talkback from audio en-
gineer to microphone boom operator.

(2)

(3)
(4)
Intercom and talkback from director

to camera operators and video op-
erator.

(5)

Film Projection Room:
(1) Control for sound outputs of two film
projectors.

(2) Intercom and talkback from director
to film projection room.

Control Room:
A. Mixer Facilities

(1)

Mix and switch four microphone
lines.

(2)

Patching facilities for four addi-
tional microphones.

Mix audio outputs of two film
projectors.

(3)

Mix and switch remote and net-
work lines.

(4)

Mix and switch outputs of two
turntables.

(5)

B. Intercom and talkback enabling audio
operator to talk to microphone boom
operators.

C. Intercom and talkback enabling pro-
gram director to talk to video oper-
ator, camera operator and to film pro-
jection room.

D. Feed turntables to studio loudspeaker
for background purposes, or for ac-
companiment of vocalist and other
similar purposes. (Possibility for the
output of the turntable at the same
time to be mixed as a part of the con-
solette program.)

E. Studio equipment to feed loudspeakers
in studio control room, studio, an-
nounce booth, and projection room.
Studio control room equipment able to
feed one regular and one spare pro-
gram line.

F. Program line to feed house monitors
through an isolation amplifier.

G. Program cue to camera and boom
operators.

H. Termination and equalization facilities
provided for 24 remote broadcast and
private lines. Ringdown equipment pro-
vided for magneto telephones. Equal-
ization of telephone lines to 15 KC.

I. Switching facilities in studio so that
program from air monitor and other
studios, etc., can be readily monitored.

Announce Booth:

Announce booth containing these audio
items:
(1) a microphone
(2) a monitor loudspeaker.

The audio control equipment to provide
the facilities just outlined consists of the
Type 76-TV Consolette, plus a Type
B CS-3A Auxiliary Unit and one equip-
ment rack. These audio control facilities
are illustrated in the photo and block
diagram (Fig. 36).

The BCS-3A contains a VU meter, six
ringdown relays and control keys for pri-
vate line telephone facilities. With the
BCS-3A, it is possible to feed turntable
outputs to a loudspeaker for vocalist ac-
companiment, or for background purposes.
The equipment rack contains the ampli-
fiers, jacks, equalizers and power supplies.

4 Audio systems for types D, E, and F sta-
tions will be described in a forthcoming article
devoted to TV audio facilities.
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TELEVISION TECHNICAL TRAINING PROGRAM

TELEVISION FIELD PICKUP EQUIPMENT *

INTRODUCTION

In every art, advances occur at intervals
which serve as distinct milestones in the pro-
gress of that art. They are steps which over-
come major limitations, and thus open up new
fields which men have only drecamed about before.
Such an advance has recently occurred in the
art of television in the development of the
image-orthicon pickup tube,

Television has made much progress in the past
two decades in such things as higher definition,
greater picture brilliance and size, greater
immunity to interference in transmission, im-
proved techniques inpropagation, and the intro-
duction of color on a laboratory scale. How-
ever, the requirement for intense illumination
of the televised scene has dogged the industry
from its inception up to the very recent past.
This requirement has limited outdoor pickups to
daylight hours with bright sunlight, and indoor
pickups either to motion-picture film or to
studios where enormous amounts of lighting on
the order of 1000 to 1500 foot-candles could
be provided.

The lighting equipment for such studios not
only represents a large capital investment, but
it entails excessive operating expense. Costly
air-conditioning systems only partially allevi-
ate the discomfort of performers, who literally
have to "sweat it out" in scenes that cannot be
retaken if things do not go right the first tine.
From the producer's point of view, such in-
tense lighting produces flat, shadowless, un-
interesting effects which greatly 1imit the
artistic possibilities of the medium.

These conditions are always attendant on
operation with the iconoscope as a pickup tube.
The iconoscope itself is one of television's
milestones because it introduced the storage

*

principle to the art, made the system all-elec-
tronic, and thus brought television into a form
which has commercial possibilities. It repre-
sented a big strideinsensitivity over previous
nonstorage devices., However, its lack of suffi-
cient sensitivity to operate satisfactorily out-
doors in cloudy weather or in late-afternoon
dusk, or indoors under moderate lighting, has
been, and still is, its principal limitation.

The next step in the direction of greater
sensitivity was the introduction in 1939 of low-
velocity scanning in the RCA-1840 orthicon-type
of pickup tube. It retained the storage prin-
ciple and added a great improvement in efficiency
with a corresponding improvement in sensitivity
of the order of five times., ., This meant the
possibility of reducing incident illumination
to about 200 or 300 foot-candles.

Wartime development of military television
equipment” accelerated work on a pickup tube
which had its beginnings before the war started.-
The result of this work we know today as the
image orthicon, a pickup tube which embodies the
old principles of storage and low-velocity scan-
ning, and, in addition, the principles of image-
electron multiplication and signal-electron
multiplication. The tube and the theories
underlying its operation and incorporation into
television cameras have been described in detail
in recent literature, °

The image orthicon has as its most outstand-
ing characteristic very great sensitivity, of
the order of 100 times greater than that of the
iconoscope. One of the most obvious and useful
results of the high sensitivity of the tube is
that, under medium or high illumination, the
lens opening may be stopped down to a very small
size, thus giving an enormous depth of focus.
Zven under relatively low illumination, the
depth of focus of the image orthicon is much

Reprinted by permission of Institute of Radio #ngineers from an article entitled "NEW TELEVISION FIELD

PICKUP EQUIPMENT EMPLOYING THE IMAGE ORTHICON" by John H. Roe, Radio Corporation of dmerica, RCA Victor

Division, Camden, N. J., published in I.R.E. Proc.,

1

December, 1946.
2

I.R.E., Vol. 34, pp. U2u-u32; July, 1936.
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Vol. 35, No. 12, December 1947, pp. 1532-1546.

4 series of papers on military television developments appeared in RCA Rev.,Vol. 7, September and

A. Rose, P. K. Weimer, and H. B. Law, "THE IMAGE ORTHICON - A SENSITIVE TELEVISION PICKUP TUBE," Proc.
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greater than that obtainable with less-sensi-
tive tubes.

In contrast with the simple orthicon, the
image orthicon has another outstanding charac-
teristic; namely, its ability to accommodate a
tremendous light range without serious loss of
contrast. The scene illumination may be changed
from dark shadows to bright sunlight and back
again without losing essential picture informa-
tion,

Other important characteristics are: (a) small
target size, (b) small over-all tube size, and
(¢) high output signal level,

The small target area makes it possible to
use relatively small lenses which lend them-
selves to a reasonable turret design. Lenses
for such a field are readily available in a
variety of focal lengths and apertures. The
small size of the image orthicon is a factor of
great importance in making the camera itself as
compact and light as possible.

All previous types of standard pickup tubes
have suchlow signal outputs that very high-gain
amplifiers are required where shot noise in the
first stage limits the signal-to-noise ratio.
The image orthicon, in contrast to these, pro-
duces a high signal output, so that a compara-
tively low-gain amplifier may be used. Hence,
shot noise in the amplifier is very low, com-
pared with noise in the becam.

These characteristics have opened up a wide
field of opportunities in television program-
ming, such as night games under standard incan-
descent lighting, daytime athletic and other
events lasting into late-afternoon shadows, and
all sorts of special events at any time of day
or night, as well as studio and theatrical shows
with standard stage lighting, and a host of in-
dustrial and military applications.,

FIELD PICKUP EQUIPMENT

The first and most obvious application for
the image orthicon is in field or remote-pickup
equipment.3 This type of equipment must be so
designed that it can be transported quickly and
easily and set up almost anywhere for operation
with 1ittle more than a moment's notice. Usu-
ally, under such conditions, it is impossible
to control the amount of illumination on the
scene; hence, if it is to be truly useful, the
pickup device must have sufficient sensitivity
and range to function with the amount of light
available at any time or place. The new field
pickup equipment being produced by the Radio
Corporation of America has been designed to meet
this need. )

In the design, consideration has been given
to the possible needs for using the field equip-
ment under three different types of conditions:
These are:

1. In temporary locations, inaccessible to ve-
hicles, to which the equipment must be car-
ried by hand.

2, In temporary locations accessible to vehi-
cles where all of the equipment except the
cameras may remainina suitable mobile unit
which serves as a control center.

3. In permanent locations where the equipment
may be used for studio productions.

One of the first two of these conditions is
encountered in every operation in the field.
The third condition may exist in the case of a
small broadcaster who wishes to begin studio
operations with a minimumof capital investment,
He may wish to usc the same equipment for both
field and studio work in case he is operating
on a limited schedule which permits the neces-
sary breaks for transporting the equipment. This
third condition may also apply to the ambitious
broadcaster who, 1like many in these times, is
unable to obtain any other type of equipment im-
mediately, and who, in spite of this, wishes to
get the training of technical and program per-
sonnel under way for more extensive operations
in the future,

Tnese conditions, together with electrical
considerations, dictate in large measure how the
equipment should be divided into units. Each
unit should be small and light enough to be car-
ried by one man. On the other hand; the number
of units must be kept to a reasonable minimum
in order to facilitate assembling and disassem-
bling in the field. The shape of the units
must permit easy handling, and also permit set-
ting them side by side on a bench or table so
that the assembly of units has the general ap-
pearance and utility of a console. Simple and
rapid means of electrical interconnection are a
further requirement. To meet these requirements,
most of the major units of the field equipment
have been housed in cases resembling a medium-
sized suitcase in both shape and dimensions,
Cameras, view finders, and master monitors have
Special requirements which necessitate devia-
tions from this standard shape.

The block diagram of Figure 2-1 shows the ar-
rangement of major units required to make up a
system of field pickup equipment consisting of
two or more cameras, with necessary switching
facilities, radio relaying, and a mobile unit,
It includes also a simplified schematic diagram
of the interconnections. The two large upper-
left-hand blocks show the actual camera equip-

3 R. E. Shelby ana H. P. See, "FIELD TELEVISION," RCA Rev., Vol. 7, pp. 77-93; March, 1946.
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Figure 2-1 - Block Diagram of Field Pjckup
Equipment

ment required for a standard two-camera sys-
tem, The third block below (in dotted 1lines)
illustrates how additional cameras, up to a
total of four, may be included in the system.
The blocks (in solid lines) in the center and
right-hand side of the diagram show equipment
which is common to the entire system, whether
it be composed of two, three, or four cameras,
and which need not be duplicated when cameras
are added to the system. The dotted block in
the lower centerof the diagram shows additional
monitoring equipment which may be added to pro-
vide a second viewing position for an announcer,
for visitors, or for other special purposes. In
the caseof single-camera operation, the switch-
ing equipment and auxiliary monitoring equipment
are omitted.

IMAGE CRTHICON CAMERA IMAGE URTHICON CAMERA

| WITH TELEPHOTO LENS
s v

i MASTER
LMON i

i GULATED POWER {PULSE  PULSE PH- 834171
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Figure 2-2 - Two-camera System fncluding
Desk
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2-3

The system illustrated provides a maximum of
flexibility with a minimum number of separate
units, As a system it provides many features
which make for ease in operation and fine per-
formance.

Figure 2-2 illustrates the equipment required
for a two-camera setup, mounted on a desk such
as may be used for studio operation. The units

Frgure 2-3 - Installation of Field Equipment in
the Mobile Unit

on top of the desk include two camera controls,
a master monitor, and a switching system. These
units containall the controls normally required
by the operators during the program. The other
units under the desk are those which normally
require little or no attention during program
time. These units are the synchronizing genera-
tor and the power supplies.

Figure 2-4 - Mobile Unit in Operation, with
Camera and Relay Transmitter on the Roof
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Figure 2-3 shows the same equipment mounted in
a similar manner in a mobile unit. Figure 2-4 is
an external view of the mobile unit, showing
how access to the roof is provided through a
hatch, and how a camera may be set up for opera-

REFLECTOR STORAGE

] ok
|

i

| E—

ENGINE HATCH
COMPARTMENT

STORAGE

STEP

STEP

/J@
| ]
&

Figure 2-5 - Plan Diagram of the Mobile Unit

tion on the roof. Sufficient space is also
available on the roof for setting up a microwave
relay transmitter. Storage space for a maximum
of 1200 feet of camera cable is provided on
reels with swing-out brackets at the rear of the
mobile unit, The general plan of the mobile
unit showing operating positions and storage
space for cameras, tripods, view finders, relay
transmitter, sound-pickup cequipment, and miscel-
laneous accessories, is illustrated in Fig-
ure 2-3.

CAMERA

Full advantage has been taken of the rela-
tively small size of the image-orthicon tube in
designing a compact camera. The dimensions of
the case, including the cover, but without
lenses or view finder, are 20 x i0-1/2 x ii-1/4
inches, and the weight is 63 pounds (see Figures
2-2 and 2-9).

The principal features of the camera arc as
follows:

1. Image-orthicon pickup tube.

2. Completely self-contained deflection cir-
cuits.

3. A four-position lens turret with rear con-
trol for quick change of lenses.

4, Miniature tubes in picture preamplifier.

5. Small, flexible camera cable.

6. Operation over a long cable (up to 1000 feet).

7. Forced-air ventilation.

3. Accessibility for servicing.

9, Rugged mechanical construction.

Though the use of lens turrets is well known
on photographic cameras, their application to
television cameras has not been attempted before,
mainly because the lenses required for iconoscope
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and orthicon cameras are too large and heavy
for a suitable turret mechanism, Furthermore,
the use of optical view finders on many such
cameras, requiring matched pairs of lenses at
least doubles the difficulties of turret
design.

The useful photocathode area of the image
orthicon is a rectangle 0.96 inch in height by
1.23 inches in width. 3ince this is approxi-
imnately the same size as the frame of many minia-
ture photographic cameras whichuse 35-mm. film,
it is possible to use lenses designed for such
cameras. The Kodak Ektar lenses for the Ektra
camera provide a useful series of focal lengths
which have been applied to the image-orthicon
camera. Available lenses include 50-, 90-, and
135-mn, focal lengths. These lenses are light
in weight and are excellent for turret opera-
tion. Special lightweight lenses up to 25
inches in focal length and with f/5 apertures
have been constructed using achromats in black
bakelite barrels with quick-change slotted
mountings. These weigh only 2 to 3 pounds and
may be attached to the turret (see Figure 2-2).

The four-position turret is mounted on a
hollow shaft which extends through the camera
to a control handle and indexing mechanism in
the rear at the operator's position. Releasing
the indexing detent automatically cuts off the
picture signal while the turret is being ro-
tated to another position,

Optical focusing is accomplished in a novel
manner by moving the pickup tube, along with its
focus and deflection-coil assembly, instead of
by motion of the lens, The mechanism is self-
locking in any position of the camera. The
greatest advantage in this system is the obvious
simplification of the turret. A second impor-
tant advantage is the increased range of focus
obtainable when lenses with individual focusing
mounts (such as the Ektar lenses) are used.
The total available relative motion between
lens and target is then the sumof the individual
motions, A further advantage of the individual
focusing mounts is that lenses of different
focal lengths may be preset to focus on the same
scene, thus eliminating the need for adjusting
optical focus after rotation of the turret.

figure 2-6 shows a top view of the camera in
which the coil assembly and magnetic shield are
exposed. The coil assembly is supported on a
steel plate which moves on three rollers. At
the rear of the compartment may be seen the
focusing drive screw and the wiring to the base
of the image orthicon, A small trap door at
the rear end of the magnetic shield box exposes
the cross field or alignment coil and the gear
drive used for rotating this coil.
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Figure 2-7 shows the focus coil alone. This
is a simple, random-wound solenoid long enough
to enclose both the deflecting coils and the
image section of the image orthicon tube with
an overnhang of about one-half inch at the front
and one inch at the rear. The deflecting coil
assembly, which is mounted within the focusing
coil, is illustrated in Figure 2-8.

The deflection circuits are included in the
camera in order to reduce the number of major
units in the field equipment. To make the

PH-61827-1

Figure 2-6 - Top View of Camera, Showing Coil
Assembly

camera capable of operating over a long cable,
it is necessary to locate the deflection gen-
erators either in the camera itself or in an
auxiliary unit adjacent to the camera. Locat-
ing the deflection circuits and part of the
picture preamplifier in an auxiliary unit makes
it possible to keep the size and weight of the
camera to a minimum. Such an arrangement, how-
ever, complicates the system by increasing the
number of units, and hence the number of con-
necting cables and the time and effort re-
quired for setting up, dismantling, and trans-
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Figure 2-7 - Focus Field Coil for the Image
Orthicon

porting the equipment. A further objection is
that, in some field operations, an auxiliary
unit is a serious nuisance, especially when the
camera has to be set up on a small stage or
platform where space is restricted. In the case
of the image-orthicon camera, it is possible to
include all of these circuits in the one unit
without making the camera unreasonably large or

PH-81958-1

Figure 2-8 - Deflecting-coil Assembly for the
Image Orthicon (Outer Tube Removed)
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heavy. With this arrangement, it is necessary
to transmit over the cable only the timing in-
formation in the form of driving pulses. The
transmission lines used for this purpose are
easily terminated withresistors, and the pulses,
which are not unduly critical as to wave form,
are then easily amplified to usable levels.

The horizontal-deflection circuit, in common
with similar circuits in other parts of the sys-
tem, employs two new types of tubes, the 6BG6G
and 6AS7G. The 6BG6G is similar to the 807, but
has special characteristics for deflection out-
put service. The 6AS7G is a twin triode, having
very low plate resistance and large power capa-
bilities. It is used as a damper or reversed-
current output tube,

The horizontal retrace period is made about
10 per cent of the total horizontal scanning
period, in order to avoid the necessity for
artificial compensation for delay in long camera
cables. The difference between the minimum
kinescope blanking width (16 per cent) and this
retrace is 6 per cent, or 3.8 microseconds.
This is just slightly in excess of the time re-
quired for a round trip (2000 feet) in a 1000-
foot cable.

The high voltage required for operating the
image-orthicon tube totals about 2000 volts,
- 500 volts required in the image section and
+ 1500 volts in the signal multiplier. This is
generated by amplifying and rectifying the pulse
signal that appears across the horizontal de-
flecting coils. Negative pulses are partially
integrated and fed to the grid of a 6V6GT am-
plifier with its plate coupled to the primary
of a special step-up transformer. The screen
and cathode circuits of this amplifier are made
degenerative in such a way as to compound the
plate currént. As a result, the peak plate
current at the beginning of each retrace period
is constant over a two-to-one range of pulse in-
put to the grid, Thus the voltage fed to the
rectifier is nearly independent of the horizontal
scanning amplitude (width). The high-voltage
transformer includes a small heater winding for
the filament of a type 1B3/8016 rectifier.
Suitable voltages for the various electrodes in
the image orthicon are obtained from a filtered
bleeder.

Negative feedback is employed in the verti-
cal-deflection circuit by deriving a voltage
from the drop across a small resistor in series
with the deflecting coils and, after amplifica-
tion, injecting the feedback signal into the
plate circuit of the first sawtooth-amplifier
stage. This feedback does two important things.
It eliminates almost entirely the effect of
iron saturation in the transformer core and
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nonlinearities in the amplifiers. It also
minimizes the effect of varying tube character-
istics, and makes the vertical scanning linear-
ity largely independent of amplitude.

Blanking signal for the target in the image
orthicon is derived from the horizontal and
vertical driving signals by mixing.

Controls associated with the scanning cir-
cuits are all located in the camera. These
include height, width, centering, and linearity
controls. Other controls also located in the
camera are preamplifier gain, image accelera-
tor, orthicon decelerator, and horizontal shad-
ing. None of these controls requires attention
during actual operation, and hence the camera
man is left free to aim the camera and focus
the optical system.

The picture signal is amplified in a five-
stage preamplifier built into the camera. The
preamplifier employs miniature tubes and cir-
cuits compensated to give uniform output up to
approximately 8 mc. The cathode follower in
the final stage serves to feed the signal over
a coaxial transmission line to the camera con-
trol, and also to provide signal for operation
of an electronic view finder which may be used
with the camera.

Components in all parts of the camera are
accessible for servicing, and can be removed
easily in case replacement becomes necessary.

A single camera cable contains all the
electrical connections to the camera. It in-
cludes three 50-ohm coaxial transmission lines
and 21 other conductors used for power, con-
trol, and communication. The cable is unusu-
ally small in diameter (0.84 inch) and light
in weight.

VIEW FINDER - Television cameras have been
equipped in the past with a wide variety of
view finders, ranging from two screw heads
used as rifle sights, through wire frames and
double-lens systems, to electronic finders in
which the scene is reproduced on small kine-
scopes mounted beside or above the cameras.
Each type has advantages, but no one type has
all the desired characteristics. In the cases
of iconoscope and orthicon cameras, the optical
view finder employing a second lens identical
with the camera lens has enjoyed the greatest
popularity because it not only serves to indi-
cate focus, but is capable of including por-
tions of the scene outside of those actually
being televised. This has been considered im-
portant because the camera man can see and
avoid unwanted objects before they intrude
themselves in the picture.
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In the caseof the image-orthicon camera, the
double-lens type of optical finder becomes com-
pletely useless when the equipment is used under
limiting low-1light conditions., This is true
because the image orthicon canoperate with such
low illumination that the image on a ground-
glass screen is nearly invisible. Thus the
electronic view finder is the only remaining
type capable of indicating both focus and the
outline of the scene. It has two distinct ad-
vantages over the optical system, It is entirely
free of parallax errors, and it provides an
erect image where a single-lens direct optical
finder provides an inverted image. The elec-
tronic view finder has a disadvantage in that
it cannot include anything outside of the tele-
vised scene.

The view finder designed to be used with the
image-orthicon camera employs a flat-faced
5-inch kinescope tube (type 5FP4) with about
7000 volts on the second anode. This arrange-
ment provides a picture with sufficient bril-
liance to be seen readily under bright ambient
light. The view finder is constructed as a
separate unit to be mounted on the top of the
camera., The two units are styled to appear as
a single unit when thus assembled.

The physical arrangement is such that the
kinescope faces the operator at the rear of the
camera. The face of the tube may be shaded with
either of two types of viewing hoods., One of
these includes two mirrors in a periscopic ar-
rangement which may be reversed so that the
operator's eye level is either above or below
the kinescope, depending on the height of the
camera., The other hood provides a direct view
of the kinescope. A single cover opens on a
hinge at the front, exposing the entire internal
assembly (see Figure 2-9).

T'he circuits include the picture and blank-
ing amplifiers required to drive the kinescope,
and also the deflection generators and high-
voltage supply. The latter is a pulse type of
supply associated with the horizontal-deflec-
tion circuit, Necessary controls are accessible
at the rear in line with the operating controls
on the camera., All electrical connections are
made through a multicontact plug and receptacle
(see Figure 2-6).

An auxiliary view finder in the form of a
polaroid ring sight may be mountedon top of the
periscope viewing hood (Figure 2-2), or, in the
absence of the electronic view finder, on the
camera itself. This ring sight produces a
seriesof concentric spectral interference rings
which appear to be at a considerable distance
in front of the sight. Because they appear at
a distance, the eye can observe the rings and
the scene simultaneously with a minimum of
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strain. This device is useful in following
action which moves too rapidly and too far to
be followed readily on the kinescope. Its use-
fulness is limited, however, because it does
not indicate either correct focus adjustment or
the boundaries of the scene, It is simply an
aiming device,

PH-8003i-1

Figure 2-9 - Deflection-amplifier Side of the
Camera and View Finder (Internal View)

CAMERA CONTROL

The camera control (Figure 2-i0) is a unit
which performs all of the functions not already
performed in the camera itself that are neces-
sary to the production of a complete composite
picture signal. These functions include:

PH-61648-1

Figure 2-10 - Field-camera Control
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1. Amplification of the picture signal to the
standard level required for feeding out-
going lines,

2, Addition of kinescope blanking signal.

3, Establishment and maintenance of the peaks
of the blanking pulses at true "black"
level.

4, Addition of the receiver synchronizing
(syne.) signal in cases where only a single
camera is in use.

3. Monitoring of the finished picture signal
to check the accuracy of optical and elec-
trical focus in the camera and the general
quality of performance of the camera chain
by means of the following:

(a) A picture monitor tube (!inescope)
which reproduces the scene being tele-
vised,

(b) A wave form monitor tube (cathode-ray
oscilloscope) which shows the wave form
of the picture signal and measures the
amplitude of this signal.

6. Controlling electrical focus and other para-
meters involved in operation of the image-
orthicon tube in the camera.

From consideration of these six functions it
is apparent that the camera control is neces-
sarily a complex unit, for it includes all the
circuits and components found in that part of a
television receiver which follows the second
detector, also those required for a wide-band
cathode-ray oscilloscope;, and, in addition, am-
plifiers, special circuits and controls, and
cable connectors required directly for opera-
tion of the camera.

As indicated previously, the shape of the
camera control is that of a medium-size suit-
case, the dimensions being approximately
8x1i5x24 inches (Figures 2-2, 2-10, and 2-11), and
the weignt about 65 pounds. The chassis and
case are spot-welded into a rigid, durable as-
sembly. The kinescope (type 7CP4), the C. R 0.
tube (type 3ZP1), and the most important con-
trols are mounted on the front end of the case.
A1l small tubes, capacitors, and transformers
are mounted on one side of the chassis, with
wiring on the opposite side. Controls of sccon-
dary importance are mounted under a trap door
in the top of the case. Past experience and a
good deal of thought have produced a chassis
layout which provides a maximumof accessibility
for servicing, and at the same tine a system
for rigid, vibration-proof mounting of compo-
nents which contributes much to trouble-free
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PH-61640-1
Figure 2-11 - Rear of the Camera Contro/

operation, A removable metal cover protects
the cathode-ray tubes and controls during trans-
portation. The two side panels or covers are
easily removed by releasing three cowl fasteners
at the top of each, and listing them from three
spring retainers at the bottom. All external
electrical connections are made through plugs
and receptacles on the rear of the case (Fig-
ure 2-11). This same general construction is
followed in the other suitcase units described
hereinafter,

The circuits in the camera control include:

1. The picture amplifier, with stages for mix-
ing kinescope blanking and synchronizing
pulses.

2. A picture amplifier for the monitor kine-
S cope.

3. A picture amplifier for the C.R.0. tube (for
vertical deflection).

4, Deflection circuits for both C.R. 0. tubes,

5, Distribution amplifiers for feeding driving
pulses to the camera.

6. A filament transformer.

7. A high-voltage transformer, rectifier, and
filter for the C.R 0. tubes.

8. Camera circuit controls.

9, "In-the-air" tally and intercommunication
system,

10. demote power control.
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The picture amplifier consists of several
stages of types 6AC7 and 6AG7 tubes in conven-
tional frequency-compensated circuits. One
stage in this amplifier performs the very im-
portant function of establishing the peaks of
blanking at "black level.," To do this, the con-
trol grid is clamped at the end of each scanning
line to an arbitrary reference potential. Be-
cause the target in the image orthicon is
blanked during the scanning retrace (i.e., made
sufficiently negative to repel the scanning
beam) the picture signal from the camera during
this retrace period is fixed with respect to
black level, though it may vary continuously
with respect to an arbitrary fixed reference
because of the addition of hum, power-supply
surges, or other spurious signals., The clamp-
ing action serves to set up a fixed relationship
between the actual black level in the retrace
periods of the picture signal and the arbitrary
reference by connecting the control grid men-
tioned above to the reference potential through
a very low impedance. At all times, except dur-
ing the retrace periods, the grid is discon-
nected from the reference, and thus is free to
follow the normal potential variations in the
picture signal.

An important by-product of this clamping ac-
tion is the elimination of the low-frequency
components of any spurious signals, provided
they do not have sufficient magnitude to cause
amplitude modulation in any preceding stage.
Hence, the clamp circuit removes power-supply
surges and low-frequency hum, and minimizes
microphonics. In fact, it limits the amplitude
of any spurious additive signal to the amount
which occurs in the period of one scanning line,
(For a more detailed description of clamping,
see the Appendix.)

Kinescope blanking is mixed with the camera
signal just ahead of the clamper. It provides
undistorted, noise-free blanking intervals by
the addition of independent,carefully controlled
pulses. Since this added blanking is constant
in amplitude, it does not affect the clamping
action in any way except to shift the constant
relationship between black level and the refer-
ence to a different constant value. After
clamping, the combined camera and blanking sig-
nal is clipped near black level thus producing
a final signal in which the peaks of blanking
bear a definite relationship to black level.
The clipper makes use of a diode as a switch in
series with the picture signal circuit. It de-
pends for its accuracy in maintaining black
level on the clamping which precedes it. This
clipper is somewhat more complicated than the
usual plate-current-cutoff type of clipper, but
is justified because it cuts off very abruptly
and is almost perfectly linear in the neighbor-
hood of cutoff. (See Appendix.) A manual con-
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trol (BLANKING) adjusts the clipping level to
any desired point near black level, and there-
after the circuit maintains clipping at that
level. Usually the clipper is adjusted so that
the peaks of the blanking pulses are slightly
"blacker than black," thus assuring complete
removal of the retrace lines in receiver kine-
scopes.

D-C restoring circuits maintain black level
(or sync., peaks when sync. is present in the
output) on the grid of the kinescope and on the
grids of several stages where it is important
to minimize distortion.

Deflection circuits for the kinescope are of
the driven type. These circuits are of the same
general kind as those used in the camera de-
scribed previously, the only differences being
in the deflecting-coil design and matching
transformers.

Seven electrical controls, grouped on the
front panel, provide for maintenance of proper
operating conditions in the camera and associ-
ated picture-amplifier circuits in the camera
control during the program. These are: (1) GAIN,
(2) BLANKING, (3) BEAM CURRENT (ORTH.), (4)
ORTHICON FOCUS, (5) IMAGE FOCUS, (6) TARGET
POTENTIAL, and (7) MULTIPLIER FOCUS.

Only the first twoof these required frequent
checking during operation. However, the others
are easily available to the operator at the
camera control without the need of distracting
the attention of the camera man, who is occupied
with his normal duties. Location of these con-
trols in the camera control is particularly
useful in the process of making adjustments when
a new image orthicon tube is installed in the
camera, because the number of adjustments to be
made in the camera itself is reduced to a mini-
mum, Controls of secondary importance, such as
size and centering for the kinescope and C. & 0.,
are located under a small trap door on top and
near the front of the unit, easily accessible
to the operator.

Plate current for all of the amplifier tubes
is obtained from a rcgulated power supply en-
tirely separate from the camera control. A
power switch on the front panel of the camera
control actuates a relay in the power supply
which, in turn, opens or closes the power-input
circuit for the entire camera chain.

POWER SUPPLY

The problem of providing the large amount of
highly stabilized d.c. required for the large
number of amplifier tubes in a camera chain has
been solved in a unigue way in the field power
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supply. The problem resolves itself into one
of finding means to reduce the weight of the
unit to a point where one person can carry it.
I'he difficulty may be understood when it is
pointed out that the total plate-current drain
in a single camera chain is approximately 1
ampere at 235 volts, regulated within 1imits of
less than t 0.5 volt. The regulation does not
constitute the major part of the problem, but
simply adds to it by increasing the total vol-
tage required from the rectifier,

F'he general attackon this problem was devel-
oped several years ago in the design of portable

television equipment for the type-1810 orthicon, *

A very light-weight transformer with the core
divided into sections, with large openings in
the end turns of the windings and with only a
small fraction of the usual amount of iron and
copper, was designed to be used with a continu-
ous blast of air through the openings (Figure
2-12(a)). This transformer, together with the
blower and motor, weighed less than 20 pounds,
and the entire power supply, including case,
transformer, blower, tubes, and other compo-
nents, weighed only 53 pounds., TIhis design

e opoE B
s 61904 <1

Figure 2-12 - (a) Prewar Design of & Forced-
3/r-cooled Power Transformer. (b) New Desjgn.

achieved the required objective, and gave rea-
sonably good service in field use for several
Years.,

Inthe field power supply for the image-orthi-
con equipment, a new and much improved trans-
former has been developedby making use of sili-
cone enamel on the wire and glass fabric impreg-
nated with silicone varnish for insulation be-

YoM,
January, 1942.
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tween layers of the windings. The core is not
sectionalized, and the windings are tight, as
in conventional transformers (Figure 2-12 (b)).
The running temperature may be as high as 180°C.
without danger of deterioration. As a result of
this design, the overall weight of the field
power supply has been kept the same as in the
earlier model, and the reliability has been in-
creased.

New regulator tubes have made possible an
improvement in efficiency. The type 6AS7G, a
heavy-duty twin triode with extremely low plate
resistance and the ability to dissipate 25
watts, is used for series regulation. This is

PH-60042-1

Figure 2-13 - Field Power Supply, Tube Side

the same tube that is used as a damper in the
horizontal-deflection circuits. These tubes
have appreciably less voltage drop than other
types previously used in such service, and hence
are more efficient. They also have very high
transconductance, and therefore provide improved
regulation control.

The rectifier is connected to a two-stage
choke-input filter using electrolytic capacitors,
through a thermal time-delay relay which pre-
vents application of the high d-c voltage until
all tube heaters have attained operating tem-
perature.

A 6SL7GT tube functions as a two-stage con-
trol amplifier, and two O0vV3/VR1i50 tubes serve
as voltage references.

The field power supply is capable of deliver-
ing 950 ma. at 285 volts continuously to the

Trainer, "ORTHICON PORTABLE TELEVISION EQUIPMENT," Proc. I.R.E., Vol. 30, pb. 15-19;
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main load, and, in addition, 75 ma. to the fo-
cusing field coil in the camera., This latter
supply is current-stabilized so that changes in
the resistance of the coil do not change the
current, Figure 2-13 is a side view of the
field power supply, showing the transformer
housing, blower and tubes.,

The primary power circuit includes means for
switching and metering of taps, so that a wide
range of supply voltage may be accommodated.
Provision is also made for metering currents and
voltages in parts of the output system.

SYNCHRONIZING GENERATOR

The new field synchronizing generator, which
is part of the image-orthicon equipment, is de-
signed on the same basic principles as earlier
models, but improvements and new features have
been added which make its performance the equal
in every respect of that of the studio type of
generator. Equalityof performance is obviously
necessary, especially in view of the increasing
importance of field operations in television
programming.

The field synchronizing generator comprises
two suitcase units having the same size and
shape as the field camera control. They are
called the field pulse former and field pulse
shaper, respectively. These two units generate
four distinct signals required for operation of
the entire television system, including the re-
ceivers, All four signals, though different in
wave shape, are accurately synchronized with
each other by being derived from a single pri-
mary freguency source., Two of these signals
appear directly in the composite picture signal
which.modulates the r-f carrier. They are
"kinescope blanking" and "synchronizing" (or
"sync. "), respectively. The wave shapes of
these two signals are specified completely in
standards recommended by the Radio Manufacturers
Association.” The remaining two signals, "hori-
zontal driving" and "vertical driving," respec-
tively, are simple pulse signals used locally
in the pickup equipment for triggering camera
and monitor scanning circuits, and for target
blanking and clamp-circuit keying.

The principles underlying the operation of

this generator have been described fully in a
previous publication, No basic changes have

5
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been made in the arrangement of circuits, but
refinements have been included to incrcase the
stability of the primary frequency source and
also to improve the steepness of wave fronts in
the outputs. Among these, specifically, are a
crystal oscillator which may be used in loca-
tions where the power supply frequency is un-
stable, an improved a-f-c¢ circuit for lock-in
with a 60-cycle power supply, an additional
counter to reduce the maximum number of steps
in any given counter, and a cathode-ray-tube
indicator to provide a means of quickly checking
the operation of the counters.

One of the two units includes a built-in
regulated power supply, thus making the syn-
chronizing generator completely self-contained
in the two units. Separation of the circuits
occurs at a point where only three signals re-
quire connections betweenunits. A single multi-
conductor cable connects the pulse former to the
pulse shaper. The only input to the pulse
former is a-c power., Output from the pulse
shaper is split in two cables, one a single co-
axial line for synchronizing signals and the
other a multiple coaxial cable for the other
three signals. The two suitcases appearing in
the lower right hand corner of Figure 2-2 are
the pulse shaper and pulse former.

SWITCHING SYSTEM

One of the most important operations in tele-
vision programming is that of switching from
one camera to another. Switching must be ac-
complished smoothly without either interrupting
or disturbing the receiver synchronizing, even
momentarily. If precautions are not taken to
avoid surges in switching, it is possible that
the sync. may be clipped later in the system
during the period of the surge. Some receivers
are very sensitive to such interruptions. Cases
have been known in the past where switching
surges have been so large as to overload the
transmitter and throw it off the air. It is not
possible to experience such difficulties in
properly designed television systems today be-
cause means are used to maintain constant black
level at all points where surges are harmful.
Since switching is likely to produce surges, it
is desirable to eliminate them at this point.
A successful means for accomplishing this is the
clamp circuit which was described previously in
the section on the camera control. This cir-

"SYNCHRONIZING GENERATOR WAVEFORMS," a drawing compiled by the Subcommittee on Studio

Facilities of the RMA (revised, October 9, 19u6).

6
RCA Rev., Vol. 5, pp. 51-69; July, 1940.
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4. V. Bedford and J. P. Smith, "A PRECISION TELEVISION SYNCHRONIZING SIGNAL GENERATOR,"
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cuit restores the picture signal to some arbi-
trary reference level at the end of each scan-
ning line; {.e., during the retrace or blanking
period. It is independent of anything that
takes place in the signal. Thus no surge can
exist longer than the period of one line.

The field switching systemis a suitcase unit
of the same shape and size as the other units
described previously (Figure 2-i4). On the

Figure 2-14 - Field Switching System,
Front Side

front panel are located two sets of push-button
switches, the lower one of which provides for
switching among four cameras and two auxiliary
picture circuits. Each of these buttons has an
associated tally light which operates in con-
junction with tallies on the respective camera
and camera control selected by it. These six
switches connect six coaxial 75-ohm lines, one
at a time, to the 1n§ut of the picture ampli-
fier contained in the unit,

The picture amplifier consists of three
stages, the last one being a cathode follower
which feeds the picture line to the relay trans-
mitter, or a line directly to the main studio
(75-ohm coaxial). A blocking capacitor sepa-
rates the line from the eathode, so that no 4di-
rect current flows in the line. The grid of
this cathode follower is subjected to the action
of the clamp circuit. [ence; no surges appear
on the outgoing line.
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Two other coaxial lines also provide signal
to other parts of the system. One of these is
connected to a line monitor, or field master
monitor. It is fed through a separate unity-
gain amplifier contained in the switching sys-
tem. The input of this amplifier may be
switched with the upper set of push buttons to
any of several points in the pickup equipment.
The second line may be used to feed an addi-
tional monitor for the use of spectators or an
announcer, or it may feed a stand-by relay
transmitter., All three output lines carry
identical signals.

The synchronizing signal is mixed with the
camera signal in the switching system to form
the final composite picture signal. The syn-
chronizing signal is supplied to the switching
system directly from the pulse shaper, and is
coupled to the picture output line through a
two-stage amplifier. Thus, the synchronizing
pulses are always transmitted independently of
the camera switching. In cases where picture
signal already including the synchronizing
pulses is being received over one of the auxil-
iary input circuits, the local synchronizing
signal may be disconnected by turning a special
switch on the front panel,

Keying signal for the clamp circuit is de-
rived from the sync., signal. In cases where the
incoming signal includes sync., the sync. is
separated, as in a receiver, and delayed so that
keying is doneon the "back porch," {.e., on the
peaks of blanking just following the sync.
pulses (sce Appendix). In the usual case where
the picture signal is received from a local
camera chain, sync. is not present at the clamped
grid; hence it is not necessary to delay the
keying in order to clamp at black level. In
either case, clamping is done automatically at
black level,

Circuits are included in the switching system
for communication between the various techni-
cians operating the equipment, Two sets of
telephone jacks are mounted in each camera, onec
for the cameraman and the other for a program
assistant stationed at the camera. Connections
for these telephone sets are included in the
camera cable. These intercommunication circuits
all terminate in the field switching system
where the technicians operating the camera con-
trols and switching system, and the program
director may connect their telephone sets.,
Private telephone lines to the main studio also
terminate here, and may be connected to the
local circuits, A variety of communication net-
work combinations may be secured with the set
of toggle switches on the upper front panel,

Each telephone set consists of a carbon-but-
ton microphone and two earpieces., The micro-
phone and one car-piece are used for the inter-
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communication circuits. The second earpiece is
connected to a separate circuit which carries
program sound. Thus, each operator can hear the
program sound at all times, and get useful cue-
ing information from it,

Power for operationof the telephone circuits
is obtained through a selenium-disk rectifier
from the power lines, and is entirely independ-
ent of the power for the picture-amplifier cir-
cuits,

FIELD MASTER MONITOR

A high-quality picture monitor primarily de-
signed for studio applications has been adapted
for use with the field equipment by the design
of a special carrying case. (See Figure 2-2.)
This monitor contains a 10-inch, nearly flat-
faced kinescope with aluminum backing (type
1816P4) , and a 5-inch oscilloscope tube. The
kinescope, which operates at about 9000 volts,
provides an exceptionally bright picture suit-
able for program monitoring in high levels of
ambient illumination. The oscilloscope provides
a large, clear trace of the outgoing picture
signal, and associated circuits include means
for accurate calibration of signal level. As
indicated in Figure 2-1, the monitor is operated
on the same power supply as the field switching
system.

The shape of the master monitor case is some-
what different from the shape of the other suit-
cases because of the size of the tubes used.
However, the dimensions and weight are of the
same order,

APPENDIX

Two unusual circuits which contribute to the
satisfactory performance of the field equipment
are described in some detail in the following
paragraphs. One of them has been discussed in
a previously published article97 but will be re-
viewed here in the light of its direct applica-
tions in this equipment.

CLAMP CIRCUIT - As applied in television, a
clamp circuit is a device for establishing an
arbitrary reference potential at fixed and regu-
lar intervals on some chosen circuit element in
the picture amplifier. The operation of estab-
lishing suchan arbitrary reference is very use-
ful wherever it is desirable to restore the d-c
component of the picture signal, or, in other

7
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words, to make the actual "black level" in the
signal coincide with an arbitrary reference.
The clamp circuit is capable of doing this with
an unusual degree of accuracy. It is a pulse-
driven switching circuit. and is applicable only
in cases where there are pulse intervals present
in the amplifier signal during which the switch-
ing operation can take place. Since a televi-
sion picture signal (having blanking pulses to
suppress the scanning beam during the retrace
periods) is of this type, the clamp circuit may
be used successfully.

The orthicon and image-orthicon tubes both
employ low-velocity scanning, Because of this,
they generate picture signals which contain ac-
curate black-level information during the
blanked retrace periods. However, because these
signals are generated at low level, the blank-
ing pulses, which contain the "black-level" in-
formation, may include noise and other spurious
components which make the pulses unsuitable for
blanking in the receiver. This condition is

I : 5
\m W A CAMERA SIGNAL

BLACK LEVEL

MW

CLIPPING (BLACK) LEVEL

h B PICTURE BLANKING

SIGNAL

C PICTURE SIGNAL IN
CAMERA CONTROL
BEFORE CLIPPING

D RICTURE SIGNAL IN
CAMERA CONTROL
AFTER CLIPPING

E COMPLETE PICTURE
SIGNAL WITH
SYNCHRONIZING

BLACK LEVEL

Figure 2-15 - Television Signal Wave Forms

illustrated in Figure 2-1i5(a). To provide
clean-cut blanking pulses in the final signal,
it is customary to add another blanking signal
(Figure 2-15(b)) at a high-level point in the
amplifier, giving the result shown in Figure
2-15(c). Then this composite signal is clipped
at black level to give the signal shown in
Figure 2-15(d). To insure proper operation of
the receiver, the clipping must be done accu-
rately at black level. Here the clamp circuit
is an indispensable tool. It is used to bring

C. L. Townsend, "THE CLAMP CIRCUIT," Broadcast Eng. Jour., February and March, 1945.
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about a firm correlation between the black level
existing in the negative peaks of the camera
blanking pulses and the grid bias on the clipper
stage of the amplifier. It should be noted that
the addition of a constant signal (such as the
blanking signal shown in Figure 2-15(b)) does
not affect the accuracy of the correlation be-
tween black level and clipper bias, but simply
shifts the bias to a new value.

A simplified diagram of an amplifier control-
Ied by a clamp circuit is shown in Figure 2-16.
It consists of two amplifier tubes, V, and V29
with a clamp circuit, consisting of the switch
S in series witha small resistance R, connected
to the control grid of 7, on which it operates.
Whenever the switch S closes, the grid of v, 1is
established at the potential of terminal P
(which is the arbitrary reference potential),
provided that 5 is closed for a time interval
that is long compared to the time constant
(R + RL)CL' This latter condition is necessary

for proper operation of the clamp circuit.

Figure 2-16 - Simpl/ified Schematic Diagram of
Clamp Circuit

Assume that the camera signal of Figure
2-15(a) has been introduced at terminal 4 in
Figure 2-16, and the blanking of Figure 2-15(b)
at terminal B, but with polarities such that the
resultant mixed signal as shown in Figure 2-i5(c)
appears on the plate of V. Now let the switch
be closed for intervals such as m-m included
within the peak of each camera blanking pulse,
and let it be open the rest of the time., Thus
the grid of 7V, is established firmly at the
potential P at each peakof the camera blanking.
The tube, 7, 1s made part of a clipper or
limiter, hence, when P is set at the proper
value with respect to the cut-off potential of
the clipper grid, the clipping will take place
at black level.

In actual practice, the switch is a pair of
diodes (contained in the twin diode, 7_) which
are keyed on and off by equal pulse signals of
opposite polarity, as shown in Figure 2-17.
These two pulse signals are coincident with
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T
'A A'A A A'A +
Rz

Figure 2-17 - Schematic Diagram of Clamp
Circuit

each other and also with the time interval m-m
in Figure 2-15(¢). Thus, both diodes conduct
simul taneously and provide a low-impedance path
for current flow to change the charge on (.
In this case, the critical time constant is

+ . +
R, > -1 BN

where R’ is the effective resistance of the sig-
nal source which generates the keying pulses,
and RD is the effective resistance of one diode.
In most cases, C; is made about 500 uufd and the
total resistance about 2300 ohms. Hence, the
time constant of the circuit is about 1.25 micro-
seconds., Since the total keying interval is
usually about 6 microseconds, there is time for
the charge on Cl to approach equilibrium.

In Figure 2-17, the reference potential is
that which exists at the midpoint of R,. This
may be deduced as follows. During the keying-
pulse intervals, both diodes conduct, and hence
both terminals of R, are at the same potential.
Because of this conduction, the equal capaci-
tors, C, and C_,, receive opposite charges, each
equal to the péak-to-peak voltage of the pulses.
During the intervals between pulses, the diodes
become nonconducting, and the charges placed on

02 and C_ cause a current to flow in R, pro-

ducing a voltage drop equal to the sum of the
pulse voltages on the two capacitors. The
polarity of the voltage is shown in Figure 2-17.
Since both the circuit and keying signals are
balanced, it is then apparent that the diodes
always arrive at a single potential during the
pulse intervals which is the same as the poten-
tial existing at the midpoint of k, during the
intervals between pulses. The time constant
C,R, = C, R, is made very large compared to the
period of the pulses, so that the current in Rl

is small; hence the charges on C, and 03 remain
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essentially constant.

If R, is connected as a potentiometer, as
shown in Figure 2-17, the reference potential
(at the midpoint) maybe shifted with respect to
ground, For example, if the control is moved
to the left, the midpoint becomes positive with
respect to ground. This control is an effec-
tive and useful means of adjusting the bias on
the grid of the amplifier tube, V2° Whenever

the control is moved away from the midpoint the
circuit becomes unbalanced, and difficulty may
be experienced in maintaining pulse shape,
especially when the control is near one end of
Rl‘ To minimize this effect, a resistor, R2,
may be inserted in the ground connection. Since
the average current in such a resistor is always
zero, it may have a very large resistance. Use
of this control in no way disturbs the accuracy
of the clamping action in establishing the grid
of 7, at the reference potential (midpoint of

R

The only path for charging current from the
capacitor C’l (in the absence of grid current in
V2), is through the clamp circuit. Juring the
open-circuit intervals in the clamp circuit, it
is therefore impossible for the charge on Cl to
change. Hence the low-frequency response of
the coupling circuit between Vl and V2 is not
attenuated even though the capacitance of C, be
made very small.

It is important that the ¥eying interval m-m
shall come to an end before the endof the blank-
ing pulse, so that the charge which is left on
C. will always correspond to black level in the
picture signal, and not to some other level ex-
isting in the signal after the blanking pulse.

A further consideration is necessary in
determining, the proper value for the time con-

stant
+ RD '
RL 2 + R Cl'

The peaks of the camera blanking pulses usu-
ally contain some high-frequency noise signal
originating in the low-level parts of the sig-
nal system. The response of the charge on Cl

to the clamping action must be slow compared to
the period of the noise signal;, in order to
avoid variations in the correlation between
black level and the reference potential. Black
level may be considered as the average of the
noise signal. Hence the clamp must be slow
enough to average out the noise. Since the re-
sistive elements are usually determined by the
requirements of the keying circuits, the value
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of Cl is used to control the time constant.
Values cited previously have been found to work
well is most cases, though where the noise sig-
nal contains low-frequency components it may be
necessary to use a larger value for 01‘

The chief advantage in the clamp circuit, as
compared to other types of leveling or d-c re-
storing circuits, is the fact that its action
is entirely independent of the picture signal in
the amplifier, It depends only on the keying
pulses. These may be controlled at will with
respect to amplitude and timing. It should be
noted that the amplitude of the keying pulses is
usually made about twice the amplitude of the
picture signal in the amplifier at the point
where the clamp operates.

The ability to control the time at which the
clamping is done is sometimes of great advantage.
For example, in the field switching system, it
is necessary to clamp the signal after the
camera switching. At the point where the clamp-
ing is done, it is necessary to accommodate two
types of picture signal: (a) from the cameras,
in which case the sync. pulses are not present,
since they are added subsequently, and (b) fro
an outside source which provides complete com-
posite signal including the sync. pulses. Clamp-
ing must be done on the same level in both types
of signal. Obviously, clamping cannot be done
on the peaks of sync. in case (a); hence, it
just be done on blanking peaks, or at true black
level, which is present in both cases.

In case (b), the only available space on
which the clamp may operate at black level 1is
that portion of the blanking pulse immediately
following the sync. pulse, commonly called the
"back porch" (see Figure 2-18). Keying pulses
are derived from the sync. by separation as in
a receiver, and subsequent forming. A sync.
pulse after separation is shown in Figure
2-18(b). This separated signal is fed to the
grid of a triode as in Figure 2-19. The capac-
itor C is made very small, about 20 uunfd and
the grid leak R is connected to a positive vol-
tage source. Before the leading edge of the
pulse, it may be assumed that the grid is draw-
ing current, hence is approximately at cathode
potential. The positive excursion of the lead-
ing edge causes very little change in the grid
potential because of the low impedance from
grid to cathode. The resulting sharp exponen-
tial pulse is shown in Figure 2-18(c). After
returning to its original potential, the grid
is excited by the trailing edge of the pulse in
the negative direction. This excursion stops
the flow of grid current and also swings far
enough to go beyond plate-current cut-off, as
illustrated. The signal voltage causes no
further change, but the positive voltage on the
grid leak immediately starts to recharge the
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Figure 2-18 - Derijvation of Keying Pulses
for Back-porch Clamping

capacitor C, and thus produces the positive
slope shown in the diagram. The rise in grid
Voltage stops abruptly as soon as grid current
starts to flow. The steepness of this slope is
proportional to the position bias voltage, and
inversely proportional to the value of R. Hence
the duration of this negative sawtooth may be
adjusted by changing either the positive bias or
the resistance of R.

The pulse of voltage appearing on the plate
of the triode is shown in Figure 2-1i8(d). The
leading edge of this pulse may be sloped a lit-
tle to acquire some delay, by making R, large
and thus allowing the stray capacitance on the
plate circuit to integrate the slope. Further

R R

Figure 2-19 - Schematic Diagram of
Differentiating Crircuit

8 RkRC4A Laboratories, Princeton, N. J.

www.SteamPoweredRadio.Com

clipping of this signal eliminates the negative
"pip" causedby the leading edge of the original
pulse, and makes it suitable for a keying signal
in a clamp circuit to operate on the "back
porch, "

Examination of the functioning of this cir-
cuit during the serrated vertical pulse in the
standard RMA sync. signal shows the formation
of keying pulses which are timed to coincide
with the slots in the vertical pulse. Thus key-
ing of the clamp circuit at black level is car-
ried on with no interruption throughout the
vertical sync. pulse,

Use of this type of clamp circuit in the
switching system eliminates surges introduced
by switching, and also any surges and low-fre-
quency additive cross talk from other sources
which may have been introduced ahead of the
clamping point. It further insures cqnstant
sync. output under all conditions of varying
picture signal by confining the sync. pulses to
a fixed portion of the e - iﬁ characteristic
of the output stage. £

CLIPPER CIRCUIT - The clipping operation re-
quired in the process of correlating the peaks
of blanking pulses with black level, illus-
trated in Figure 2-15, must be performed with
rigid accuracy. In order to maintain the clip-
ping level with the necessary accuracy, it is
imperative that the critical electrode in the
clipper stage be controlled by a clamp circuit,
as described in the preceding paragraphs. When
as is usually the case, a screen-grid tube is
used as a clipper, it is further necessary to
supply current to the screen grid from a regu-
lated source so that its potential does not
change with variations in the average brightness
of the scene. With these two precautions, any
of the usual types of clipper will maintain the
correct black level in the blanking pulses.

The clipper circuit used in the field equip-
ment has unusual characteristics which merit
description. It is a circuit which was devel-
oped originally by K. R. W’endt8 to overcome the
inherent curvature near cut-off in the plate-
current-cutoff type of clipper. Such curvature
increases the gamma of the system, Since the
orthicon type of camera tube has unity gamma,
and the average kinescope has gamma in the
neighborhood of 2, the resultant system gamma
is higher than is ordinarily'desired. There-
fore, it is desirable to avoid increasing the
gamma at any other point in the system.

The basic circuit (Figure 2-20) includes a
pentode amplifier, V2, which has for its prin-
cipal plate load a resistor R_ in series with a
diode, V4° An additional 1load, Rl,is connected
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in parallel with R  and V,. &, is much larger
than R2, I'he diode acts as a peak iimiter, pre-
venting the flow of current in R_ whenever its
cathode rises above the potential #,/2. The
tube, V,_, is the same as V_  in the previous
Figures 2-i6 and 2-17, with its control grid
connected to a clamp circuit. 3Both of the sup-
ply voltages shown, Eb and #./2, are closely
regulated and have approximately the 2-to-1
relationship indicated. Under these conditions,
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Figure 2-20 - Schematic Diagram of Linear
Clipper

black level will correspond to some definite
value of plate current in V,. By adjusting the
clamp reference potential (equivalent to adjust-
ing the bias on V2) to the proper value, black
level may be made to coincide with point B in
Figure 2-21.

The curve A-B-D represents the normal e_ - 1
curve of VQ, From 4 to B, no current flows in
, ;- However, between B and D,
current flows in Vq and Rzg and hence i, divides
itself between Rl and Rzo
in this region of the curve,

R2 and hence i, = 1§

p T i1ty
By proper selec-
tion of the value of Ry it is possible to place
point B (cutoff point of the diode, Vq) so that
B-D covers the linear portion of 4-B-D. Then
at all times the useful part of the picture sig-
nal swings only over this linear part of the
tube characteristic. The curved portion of the
characteristic from 4 to B is not used, and
hence does not affect the gamma of the system.

Therefore 1

It should be noted that the cutoff of this
circuit is extremely abrupt. This arises from
the fact that V2 is a screen-grid tube having

a very high plate resistance. In other words,
the flow of plate current is not influenced ap-
preciably when the external load resistance is
changed by the opening of the diode. Therefore,
as i, approaches zero, the ratio i,/i, rises
very rapidly, and, since Rl is large (about 20
to 20 times Rz)g the potential of the cathode of

VI+ also rises very rapidly, carrying the diode

2-17

abruptly through its cutoff region.

The diode limiter, V , has one serious
fault; namely, its plate-cathode capacitance
permits feed-through of unwanted parts of the
signal - particularly, steep wave fronts in-
volving high frequencies. This trouble may be
largely nullified by the simple device of con-
necting a second diode (available in any of the
twin diodes) across the plate circuit of Vzg as
shown by the dotted lines in Figure 2-20. By
proper adjustment of the bias control on this
diode, it may be made to start conducting at a
potential just above the cutoff potential of
the 1limiter diode, thus causing a low-resistance

CLIPPING LEVEL:
(BLACK LEVEL) |
L

Figure 2-2! - Characteristic Curve of Linear
Clipper

shunt to appear across the signal source which
effectively "squelches" the signal and prevents
feed-through.
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PROGRAM

TERMINAL EQUIPMENT THEORY
THE TELEVISION SYSTEM

PART |

A REVIEW OF THE BASIC CONCEPTS OF THE SYSTEM AND
THEIR EFFECT ON THE DESIGN OF STUDIO EQUIPMENT

INTRODUCTION

The problems which arise in the design of
television equipment involve a branch of elec-
tronics which is strange to many technicians
entering the field for the first time. This is
especlially true of those who have long experi-
ence in the field of sound broadcasting and re-
production, but whose education and experience
antedate the post-war television boom as well
as the war-time period, during which were devel-
oped so many of the techniques of electronic
pulsing circuits. Basically the art involves
the generation and reproduction of high-speed
transient phenomena at both regular and irregu-
lar intervals and the consequent need for under-
standing circuits used for amplifying and trans-
mitting wide bands of frequencies. Not only
are the techniques new, but a whole new language
has been developed to aid in their expression.
It is hoped to provide here at least a brief
glimpse of this new field and its language, thus
helping the beginner to a firmer grasp of the
tools he must now employ.

LIMITATIONS

No true appreciation of any system can be
realized without some understanding of its basic
limitations, and a discussion of the television
system should therefore begin by reviewing
these. The most serious limitation of a tele-
vision system, as in the case of an aural sys-
tem, is "noise." The same phenomena that cause
hum, crackle, and hiss in the background of a
sound broadcast, cause bar-like shadows, random
blotches, and "snow storms" in the background
of a television picture. The word, noise, has

been carried over from aural terminology into
television terminology with the same connota-
tion; thus, any spurious elements in a televi-
sion picture are generally called noise. In
reading the following discussions, it will be
helpful to remember that much of the reasoning
behind the methods used in the television sys-
tem is based on the need to minimize the effects
of noise.

Spurious noise components in the signal arise
from three general sources, (a) shot noise and
thermal agitation invacuum tubes and other cir-
cuit elements, (b) pickup fromassociated or re-
mote electrical apparatus, and (¢) microphonics.
The best means for minimizing noise is to main-
tain a high signal-to-noise ratio in all parts
of the system; but where this is impossible,
special circuits are adistinct aid in extending
the useful range of operation.

Noise 1imits, among other things, the ability
of the system to resolve fine detail. However,
a more direct limitation on the resolving power
of the system is the frequency bandwidth avail-
able in the transmission system. This limita-
tion has commercial aspects of more significance
than the technical aspects because of the limited
room available in the radio spectrum. As a re-
sult, the decisions of the Federal Communications
Commission effectively determine the limits of
resolution within the noise-free service area
of any station. Long years of field testing
have shown that a six-megacycle channel will pro-
vide adequate resolution and at the same time
will yield a reasonable number of channels.

Other factors which 1limit overall performance

are the fineness of scanning apertures®*, the
degree of accuracy with which tonal gradations

¥ The use of the word aperture in television probably arose from the use of scanning disks where the

light passed through small holes which traversed the projected area of the scene. Smail holes
traversing closely spaced lines in the area were capable of greater resolution than larger holes
traversing more widely spaced lines. Though scanning disks are no longer used, the term aperture
is still applied to the scanning device in a _eneral sense. In electronic television, the diam-
eter of the "aperture” is simply the diameter of the scanning beam of electrons in the plane of
the scanned image. Similarly the term aperture correction is applied to means (usually the use
of special circuits) for compensating the picture signal for loss of resolution caused by finite
size of the beam and by mon-uniform distribution of electrons over the cross-sectional area of

the beanm. .
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are reproduced, and the brightness range of
which the reproducing device is capable. How-
ever, if it can be assumed that the transmission
system between the pickup and reproducing de-
vices is reasonably linear, then the problems
arising from these particular limitations are
confined largely to the pickup and reproducing
devices themselves, and do not affect system
considerations to the same extent as limitations
described in the preceding paragraphs, and as
certain economic factors do.

Economic factors usually limit the degree to
which technological development is used to im-
prove the quality of performance. Methods may
be known by which some of the physical limita-
tions of the system can be overcome, but some-
times such methods are not used for a long time
after their discovery because means for apply-
ing them economically are not developed simul-
taneously. In other words, their use increases
the cost of equipment excessively. This is
especially true in the case of receiving equip-
ment which must be produced in large quantities
at low unit cost.

Such methods often do find their way into
transmitting equipment, where low unit cost is
not so important and where quality of perform-
ance is paramount. Quality is stressed in
transmitting equipment to provide reliability
and to reduce the need for including in the re-
ceivers complicated and expensive corrective
circuits. Examples are circuits for automatic
correction of scanning linearity, and clamp
circuits for accurate re-establishment of black
level, or d-c restoration, as it is often called.

STANDARDS

During the decade preceding the entrance of
the United States into World War II, Radio Cor-
poration of America carried on an extensive
program of research and development in televi-
sion which has been largely responsible for the
formulation of the standards governing our pres-
ent black-and-white system. The earliest work
on standards was done through the medium of the
Radio Manufacturers' Association. Much more
extensive workonstandards was carried on later
by the National Television System Committee and
the Radio Technical Planning Board, the former
body being set up todeal exclusively with tele-
vision standardizing problems and tobring about
agreement among the several interested groups
on suitable standards for recommendation to the
FCC. With the approach of commercial broadcast
service, the FCC adopted the recommendations of
these bodies as the basis for tentative stand-
ards of good operating practice. Activity of
the RMA has continued on television and its
recommendations have been extended to cover
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much of the detail of studio and transmitter
operation, and of receiver design. While a con-
siderable portion of this material still exists
only in the form of recommendations to the FCC,
it will undoubtedly constitute the major part
of the final standards.

One of the most important standards recom-
mended is the one which destribes the waveshape
of the picture signal. This standard is out-
lined in detail in a drawing which is repro-
duced in Figure 3-5. Reference will be made to
this drawing from time to time in discussing
the system, and an attempt will be made to
clarify the reasoning involved in establishing
many of the specifications included in it.

SCANNING SYSTEM

The standard systemof scanning in television
is one in which the scene or image is traversed
by the aperture in lines which are essentially
horizontal, from left toright, and progressive-
ly from top to bottom. The aim is to have the
aperture move at constant velocity both hori-
zontally and vertically during actual scanning
periods because this type of motion is simple
to duplicate in the reproducing aperture and be-
cause it provides a uniform light source in the
reproducer. At the end of each line the aper-
ture, or scanning beam, moves back to the start
of the next line very rapidly. The time oc-
cupied by doing this is called the fly-back or
retrace period. In a similar way, the beam
moves from the bottom back to the top after the
end of each picture scan. Motion during retrace
periods need not be linear. The complete trav-
ersal of the scene is repeated at a rate high
enough to avoid the sensation of flicker. This
rate has been set at 60 times per second because
most of the power systems in the United States
are 60-cycle systems, and synchronism with the
power system minimizes the effects of hum and
simplifies the problem of synchronizing rotating
machinery in the television studio (film projec-
tors) with the scanning.

It has appeared rather recently that the
choice of 60 cycles for the vertical scanning
frequency was a fortunate one for another reason.
The progress of the art has included means for
obtaining brightness levels in the reproduced
pictures which are appreciably greater than
those used in motion picture theatres. It is
well known that the threshold of flicker in-
creases as the brightness increases. Thus, 48-
or 50-cycle flicker would be noticeable to some
observers at modern brightness levels in tele-
vision receivers. Persistence of vision varies
in different people, and those whose persis-
tence characteristics are short are conscious
of the 60-cycle flicker in the bright pictures
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on some present-day receivers. Therefore it ap-
pears that a still higher vertical frequency
would be desirable if other factors would per-
mit. Needless to say, the interline flicker,
mentioned later in connection with interlacing,
is also less objectionable with the higher scan-
ing rate.

Another important factor affecting flicker
is the persistence characteristic of the screen
material in the receiver. This can be made long
enough to overcome any appearance of flicker,
even with scanning rates less than 50 cycles per
second, but, if carried too far, such long per-
sistence causes ghost-like trailing after moving
objects in the scene. Judicious choice of
screen persistence is a great aid in reducing
flicker.

Obviously the scanning apertures in the pick-
up and reproducing parts of the system must be
in exact synchronism with each other at every
instant. To accomplish this, synchronizing in-
formation is provided in the form of electrical
pulses in the retrace intervals between succes-
sive lines and between successive pictures. The
retrace intervals are useless in reproducing
picture information, hence are kept as short as
circuit considerations permit, but are useful
places in which to insert the synchronizing
pulses. These pulses are generated at the studio
in the same equipment that controls the timing
of the scanning of the pickup tube, and they be-
come part of the complete composite signal which
is radiated to the receiver. Thus scanning
operations in both ends of the system are al-
ways in step with each other. Synchronizing is
discussed in more detail in a later section.

The number of scanning lines is the principal
factor determining the ability of the system to
resolve fine detail in the vertical direction.
The number of scanning lines is also related to
the resolving power in the horizontal direction
because it is desirable to have the same resolu-
tion in both directions. Thus, as the number of
lines increases, the bandwidth of the system
must also increase to accommodate the greater
resolution required in the horizontal direction.
The present system employs 525 lines, a number
arrived at after thorough consideration of the
related questions of channel width and resolu-
tion by the N.T.S.C. and the R.T.P.B.

INTERLACING

One of the most interesting features of the
television scanning systemis the interlacing of
the scanning lines, a scheme which is used to
conserve bandwidth without sacrificing freedom
from flicker. The sensation of flicker in a
television image is related to the frequency of
the illumination of the entire scene. It has
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no relation to the number of scanning lines nor
to the frequency of the lines themselves. There-
fore a system which causes the entire area of
the scene to be illuminated at a higher fre-
quency, even thoughthe same lines are not scan-
ned during successive cycles of illumination,
results in greater freedom from flicker. Inter-
lacing does just this by scanning part of the
lines, uniformly distributed over the entire
picture area, during one vertical scan, and the
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remaining part or parts during succeeding scans.
Thus, without changing the velocity of the
scanning beam in the horizontal direction, it
is possible to obtain the effect of increased
frequency of picture illumination.

In the standard two-to-one interlaced system,
alternate lines are scanned consecutively from
top to bottom, after which the remaining lines,
that fall inbetween those included in the first
operation, are likewise scanned consecutively
from top to bottom. (Figures 3-1 and 3-2 il-
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lustrate this principle). In the 525-1ine sys-
tem, each of these groups, called a field, con-
sists of 262-1/2 lines. Two consecutive fields
constitute a frame, or complete picture, of 525
lines. Each field is completed in 1/60 of a
second and each pair of fields or frame, in 1/30
of a second. The effect on the observer's eye,
from the standpoint of flicker, is that of
repetition of screen illumination every 1/60 of
a second, yet the complete picture is spread
out over 1/30 of a second.

The important result of interlacing is a re-
duction in the bandwidth of the frequencies
generated in the picture signal, for a given
value of 1imiting resolution, as compared to the
bandwidth produced in a system using sequential
scanning. This may be understood as follows.
In either system, interlaced or sequential, the
vertical scanning frequency must be the same and
must be high enough to avoid the sensation of
flicker. In the standard television system this
frequency is 60 cycles per second. In a sequen-
tial system, all of the scanning lines must be
traversed in the basic vertical scanning period.
However, in the two-to-one interlaced system,
only half of the scanning lines are traversed
in the same period. Thus, obviously, the hori-
zontal velocityof motion of the aperture in the
interlaced system is only half of the velocity
in the sequential system, and likewise the sig-
nal frequencies are reduced by the same factor.

Interlaced scanning has certain inherent
faults among which are interline flicker, and
horizontal break-up when objects in the scene
move in the horizontal direction.

Interline flicker results from the fact that
adjacent scanning lines are separated in time
by 1/60 of a second, and that each line is re-
peated only at intervals of 1/30 of a second,
It is apparent in any part of a scene where some
detail of the scene is largely reproduced by a
few adjacent scanning lines, and where the con-
trast in the detail is high. For example, the
top edge of a wall which is oriented in the
scene so as to be nearly parallel to the scan-
ning lines might be reproduced by only two or
three adjacent lines. The 30-cycle flickering
of the line segments forming the edge of the
wall would be quite noticeable. In the limiting
condition, where the wall is exactly parallel to
the scanning lines, the edge would be reproduced
by only one line repeated at intervals of 1/30
of a second. This is probably the worst possible
condition, but one which is encountered rather
infrequently. The top and bottom edges of the
raster nearly always produce ob jectionable inter-
line flicker because they are nearly paralléi to
the scanning lines. Interline flicker, like any
other type of flicker, is most objectionable in
scenes where the highlights are very bright and
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the contrast is high. When the brightness and
contrast are low, interline flicker becomes
negligible.

Break-up exists when an object in the scene
moves in the horizontal direction rapidly enough
so that the total motion in 1/60 of a second is
equal to one or more picture elements. Then
vertical edges of the object become jagged lines
instead of smooth lines and there is apparent
loss in horizontal resolution. This is roughly
illustrated in Figure 3-3 where two rectangles
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Figure 3-3 - Effect of Horizontal! Motion on
Resolution of Vertrical Edges in 2-to-/ inter-
laced System. Upper Object Stationary. Lower
Object Moving to Right.

are shown, the upper one being stationary, and
the lower one moving toward the right. The mov-
ing rectangle is shown as though it started mov-
ing from a position directly below the other.
In the moving rectangle, signal is generated,
in both fields, from the starting position of
the left edge because of the storage of informa-
tion in the pickup tube during the interval be-
tween fields. Thus the storage effect causes
actual blurring of the trailing edge of a moving
object. This is illustrated by the thin exten-
sions of the scanning lines in the second field
at the left side. The leading edge of the mov-
ing object may have a more definite jagged ap-
pearance because the storage effect in the pick-
up tube cannot fill in the spaces. In non-
storage pickup devices, both edges will appear

jagged.

The geometrical distortion, illustrated by
the tendency for the moving rectangle to become
rhombic, is characteristic of any scanning sys-
tem, whether interlaced or sequential. It is
similar to the effect produced by a fobal—plane
shutter in a photographic camera.
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Further consideration makes it clear that
higher ratios of interlacing would produce these
troubles in aggravated form, which would be in-
tolerable. Another objection to higher ratios
of interlacing is an 1illusion of crawling of
the scanning lines either up or down, depending
on motion of the observer's eyes. The effect
is extremely annoying and tends to distract the
observer's attention from the scene.

The type of interlacing adopted for commer-
cial television is known as odd-line interlacing.
The total number of lines 1is an odd integer.
Thus the number of lines in each of two edual
fields is a whole number plus a half. In this
system, the use of perfectly uniform vertical
scanning periods (equal to half the product of
the total number of lines and the period of one
l1ine) and constant vertical scanning amplitude,
results in consecutive fields which are dis-
placed in space with respect to each other by
half a line, thus producing interlacing of the
lines, as illustrated by the 13-1line system in
Figwe 3-1. Specifically, as stated above, the
total number of lines in the standard system is
525; the number per field is 262-1/2; the verti-
cal scanning frequency is 60 cycles per second;
the number of complete pictures (frames) per
second is 30; and the horizontal scanning fre-
quency is 60 x 262-1/2, or 15,750 cycles per
second.

Interlacing may also be obtained when the
total number of lines is an even number, but
even-line interlacing requires that alternate
fields be displaced vertically one-half line
with respect to each other by the addition of a
30-cycle component to the amplitude of the ver-
tical scanning sawtooth wave (see Figure 3-2).
This frame frequency component must have a de-
gree of accuracy that is impractical either to
attain or maintain. Hence even-line interlac-
ing is not used for commercial television.

One other factor has influenced the choice
of the particular number of scanning lines. This
is the need for an exact integral relationship
between horizontal and vertical scanning fre-
quencies. It has been the practice to attain
this relationship by using a series of elec-
tronic counting circuits. To secure a high de-
gree of stability, the characteristic count of
each circuit was limited to a small integer less
than ten. Thus the h/v frequency ratio was re-
quired to be related to the combined product of
several small integers. In the RCA synchroniz-
ing generator equipment, for example, there are
four such circuits counting the numbers 7, 5, 5,
and 3 respectively. The combined product of
these four numbers is 525, the number of lines
per frame. The product of 525 and 60 is 31,500
which is the frequency of the master oscillator
in the sync generator. To obtain the correct
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frequency for the horizontal scanning system,
another counter circuit divides the master oscil-
lator frequency by two to yield the required
frequency of 15,750 cycles.

SYNTHESIS OF THE PICTURE SIGNAL

The basic part of tne signal applied to the
reproducer is the series of waves and pulses
generated during the actual scanning lines in
the pickup or camera tube. No matter what else
is done in the equipment intervening between the
two ends of the system, this basic part of the
signal should be preserved in character with the
greatest possible accuracy. However, during
the retrace periods, the pickup tube may gener-
ate signals which are spurious or which at
least do not contain valuable picture informa-
tion. Furthermore, retrace lines in the repro-
ducing tube itself, especially during vertical
retrace, detract from the picture. It is there-
fore desirable to include in the picture signal,
components whichwill eliminate spurious signals
during retrace and the retrace lines themselves
in the reproducer. These results may be ob-
tained by adding synthetically some pulses known
as blanking pulses.

Blanking pulses are applied to the scanning
beams in both the camera tube and the kinescope
in the receiver. Camera blanking pulses are
used only in the pickup device and never appear
directly in the final signal radiated to the re-
celver. They serve to close the scanning aper-
ture in the camera tube during retrace periods.
In orthicon tubes, the picture signal during
retrace thus goes to reference black or to some
level constantly related to reference black.
This is a useful result to be discussed later.
In iconoscopes, no such constant relationship to
black exists during retrace, and the only func-
tion of camera blanking is to prevent spurious
discharge of the mosaic during the retrace
periods.

Kinescope blanking or picture blanking pulses
are somewhat wider than corresponding camera
blanking pulses. They become integral parts of
the signal radiated to the receiver.

The function of the kinescope blanking pulses
is to suppress the scanning beamin the kinescope
(reproducing tube), or in other words, to close
the aperture in the receiver during the retrace
periods, both horizontal and vertical. They are
simple rectangular pulses having duration
slightly longer than the actual retrace periods
in order to trim up the edges of the picture and
eliminate any ragged appearance. They are pro-
duced in the sync generator from the same basic
timing circuits that generate the scanning sig-
nals; hence they are accurately synchronized
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3-6

with the retrace periods. Typical waveshapes of
a basic camera signal and blanking pulses are
illustrated in Figure 3-4, A and B respectively.
Only parts of two scanning line periods are
shown, and the pulse in B is therefore a single
horizontal blanking pulse. The result of adding
the signals in A and B is shown in C, where it

REFERENCE WHITE | 1
|

CLIPPING LEVEL- [,

DELAY IN CAMERA
CABLE |1 I

PEDESTAL

Figure 3-4 - Steps in Synthesis of Picture
Signal.

may be seen that the unwanted spurious part of
the camera signal has been pushed downward out
of the territory of the basic picture signal.
This unwanted part may now be clipped off and
discarded, leaving the signal illustrated in D.

The blanking signal, shown only in part in
Figure 3-4B, actually contains pulses for remov-
ing visible lines during both horizontal and
vertical retrace periods. The horizontal pulses
recur at intervals of 1/15,750 of a second and
are only a small fraction of a line in duration;
but at times corresponding to the bottom of the
picture they are replaced by vertical blanking
pulses which are just like the horizontal pulses,
except that they are of much longer duration,
approximately 15 scanning lines long, because
the vertical retrace is much slower than the
horizontal. The period of recurrence of the
vertical blanking pulses is of course 1/60 of a
second. Both horizontal and vertical blanking
pulses, and their approximate relationship, are
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shown in diagrams 1 and 2 of Figure 3-5.

The picture signal shown in D of Figure 3-4
may be considered as partly natural and partly
synthetic. It is important to point out here
that the natural part, or basic camera signal,
may contain certain noise components arising
from the fact that the output of the pickup tube
usually is not large compared to the noise thres-
hold of the first picture amplifier stage or
some other part of the system, such as the scan-
ning beam in an image orthicon. On the other
hand, the blanking pulses, or synthetic parts
of the signal, are added at a relatively high-
level part of the system and are therefore
noise-free (at least in the transmitted signal).
The importance of noise-free blanking pulses
will become apparent in the discussions of other
functions which they perform.

Details of horizontal blanking pulse shape
are shown indiagram 5 of Figure 3-5. That part
of the diagram below the point marked Blanking
Level is a synchronizing (sync) pulse which will
be considered later. The overall vertical
dimension B is the maximum height of a blanking
pulse. Thus the top horizontal line is Refer-
ence White Level, as indicated in diagram 3.
The duration, or width, of the pulse must be
sufficient to cover the horizontal retrace in
the most inefficient receiver. Thus, the cir-
cuit limitations in such receivers set a minimum
1imit to the horizontal blanking width which was
the basis for the RMA specification in Figure
3-5. This minimum is indicated by the width
near the peak (lower end) of the pulse and is
prescribed by the sum of two dimensions x + Yy,
the value of which is 16.5% of the horizontal
period, H. The impossibility of producing in-
finitely steep sides on the pulse is recognized
in the greater maximum width (18% of H) allowed
at the upper end of the pulse and in the ob-
viously sloped sides.

Because of inevitable discrepancies at the
extremes of the sides of the pulse, all measure-
ments of pulse widths are made at levels slightly
removed from the extremes of the sides. These
levels are shown by dotted horizontal lines in
diagram 5 of Figure 3-5, spaced 10% of 3 from
top and bottom of the pulse.

Details of the vertical blanking pulses are
shown in diagrams 1 and 3 of Figure 3-5. The
width of the pulses is not limited by circuit
considerations, as is the width of horizontal
blanking. The limitation here is the require-
ment of television film projectors of the inter-
mittent type, that the scenebe projected on the
pickup tube only during the vertical blanking
period. The maximum period of 8% 1is ample for
the operation of present-day film pickup sys-
tems, the criterion being that enough time must
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be allowed for projection so that there is ade-
quate storage of photoelectric charges on the
sensitive surface of the pickup tube. The mini-
mum period of 5% is an indication of expected
system improvements in the future, when it will
be possible to reduce waste of picture trans-
mission time in vertical blanking. The present
usefulness of the 5% minimum is to require re-
ceiver manufacturers to maintain vertical re-
trace periods at less than 5% and thus avoid the
need for modifying old receivers when improve-
ments are made in the system. The problem of
film projectors is discussed in a later section.

The final step in synthesizing the complete
composite picture signal which goes to the modu-
lator in the transmitter is to add the synchron-
izing pulses which are required for triggering
the scanning circuits in the receiver. These
pulses, like blanking pulses, are essentially
rectangular in shape. The blanking pulses serve
as bases or pedestals (inverted) for the sync
pulses, as shown in E of Figure 3-4. Here is
one of the most important reasons for having
noise-free blanking. The synchronizing function
in the receiver is a very critical one, and it
is important that nothing be allowed to distort
the sync pulses either in shape or timing, as
noise during the blanking intervals would do.
The nature of the vertical sync signal is rather
complicated; it is not illustrated in Figure 34,
but will be discussed later along with other de-
tails of synchronizing.

The sync signal is not added individually to
the output of each camera, but is added at the
studio output so that switching from one camera
to another will not cause even momentary inter-
ruptions in the flow of synchronizing informa-
tion to the receivers.

THE D-C COMPONENT OF THE PICTURE SIGNAL

The visual and aural senses differ in one
important respect which places a requirement 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 variations 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 adefinite low 1imit to the fre-
quency of pressure variations which the ear ac-
cepts as sound. Therefore there is no need, for
a sound transmission system, to pass frequencies
below the aural 1imit which is somewhere in the
neighborhood of 15 cycles per second. The cir-
cuits may be a-c coupled without loss of essen-
tial information. Even the best of practical
systems have a low-frequency cutoff at about 30
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cycles; and most others cut off somewhere be-
tween 50 and 100 cycles.

The eye, on the other hand, is sensitive to
absolute intensities of 1ight and to slow varia-
tions of intensity. As the frequency of varia-
tion increases, the eye rapidly loses its abil-
ity to follow the changes and tends to produce
a sensation which is an average of the varia-
tions. It is this averaging ability that en-
ables the eye to interpret a rapid succession of
still pictures as a portrayal of smooth motion.
This phenomenon is the basis of both motion pic-
ture and television systems.

The important point, in the present discus-
sion, 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 receiver. 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 occasional-
ly. Hence, the signal is said to contain a d-c
component. The television system must either
pass the entire spectrum, including the d-c com-
ponent, 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 ‘reproducer. Because of
the well-known difficulties in constructing
multistage d-c coupled amplifiers, it 1is desir-
able to use an a-c coupled system. It is for-
tunate that relatively simple means are known
for d-c restoration, thus making possible the
use of an a-c coupled system.

Pt ——y
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Figure 3-6 - D-C Component

Figure 3-6(a) illustrates a signal which con-
tains a d-c¢ component in the form of a temporary
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change in the amplitude of the pulses. The
period tl 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 system (in which the time constants of
the coupling networks are short compared to the
period t;), the signal becomes distorted approx-
imately as shown in Figure 3-6(b). Here the
negative pulse peaks no longer fall on a con-
stant level, but the signal tends to adjust it-
self ina 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 1ine marked a-c axis in Figure 3-6 (b)
is actually the correct axis only for a wave
composed of large pulseslike the first four at
the left. During the transient condition fol-
lowing the first short pulse, the line shown is
not the true a-c axis, but represents the oper-
ating point of the amplifier in the a-c coupled
system. The actual a-c axis of the short pulses
(shown by the dotted line) gradually adjusts
itself to coincide with the operating point of
the amplifier. This adjustment is shown by the
exponential rise of the signal during the inter-
val t;, but it is interrupted before completion
by the resumption of the large pulses. Thence
a second transient condition takes place, lead-
ing to a gradual restoration of the signal to
its original form.

The departure of the pulse peaks from the
original constant level indicated by the 1line m,
is called loss of the d-c component or loss of
"jows". It is interesting to note that this
loss causes an increase in the peak-to-peak am-
plitude of the signal, a condition which is un-
desirable, especially in high-level amplifiers.

BLACK LEVEL

An absolute system of measurement mist 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 suchasystem is zero
light, or black level as it is often called.
This is a reference level which can be repro-
duced arbitrarily 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 inter-
vals.
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D-C INSERTION AND D-C RESTORATION

Because the blanking .or retrace periods are
not useful for transmitting actual picture in-
formation, they offer convenient intervals for
performing special control functions such as d-c
restoration as mentioned in the previous para-
graph. If the peaks of the blanking pulses are
coincident with black level, or differ from
black level by a constant amount, then d-c re-
storation can be accomplished simply by restor-
ing these peaks toan arbitrary reference level.
Thus, in Figure 3-6(b), if the peak of each
pulse can be restored to the line m, then the
signal will appear as in (a) and the d-c com-
ponent 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 cumu-
lative. Hence the restoration is essentially
complete.

It now becomes apparent that an extremely
important step inthe synthesis of the television
signal is that of making the peaks of the added
blanking pulses bear some fixed relationship to
actual black level in the scene. It was pointed
out previously that the peaks of these pulses
are produced by clipping off unwanted portions
of the signal, as illustrated in Figure 3-4, C
and D. A second, and most important, function
is performed when the clipping is controlled in
such a way that the resultant peaks have the re-
quired fixed relationship to black level. This
process of relating the blanking peaks to actual
black level is called d-c insertion, or insertion
of the d-c component. A subsequent process,
later in the system, of bringing these peaks
back to an arbitrary reference level is called
d-c restoration. D-C restoration must be ac-
complished at the input of the final reproduc-
ing device (the kinescope) in order to repro-
duce the scene faithfully.

It is desirable to restore the d-c component
at other points in the system also, because the
process reduces the peak-to-peak excursions of
the signal to a minimum by removing increases
in amplitude caused by loss of the d-c compo-
nent. In a similar way, it is possible to re-
move switching surges, hum, and other spurious
signal components which have been introduced by
pune addition to the signal. Maintaining mini-
mum excursion of the signal is important,
especially at high-level points in the system,
in order to avoid saturation in amplifiers and
consequent distortion of the half-tones in the
scene. For a specific example, d-c restoration
helps to maintain constant sync amplitude in
high-level amplifiers. In ether words, it
makes possible economies in the power capabili-
ties of amplifiers such as the final stage in
the picture transmitter.
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Diagram 3 in Figure 3-5 illustrates part of
a typical picture signal including two hori-
zontal blanking pulses. It may be seen that
there is a distinct difference between actual
black level and blanking level which is pre-
scribed as 5% of maximum blanking pulse ampli-
tude. This difference is usually called setup
and its magnitude was set as a reasonable com-
promise between loss of signal amplitude range
and the need for a tolerance in operating ad-
Justment. Setup is desirable as an operating
tolerance in the initial manual adjustment of
the clipper in that part of the system where
the d-c¢ is inserted. It simply insures that no
black peaks in the actual picture signal are
clipped off.

The accuracy with which setup is maintained
depends on characteristics of the pickup or
camera tube. Some types of pickup tubes produce
signals during blanked retrace periods which are
the same as, or are constantly related to, black
level. In systems where such tubes are used,
the magnitude of setup may be held constant
automatically at whatever value is determined
in the initial manual adjustment of the clipper
circuit. 1In general, pickup tubes employing
low-velocity scanning, such as the image orthi-
con, provide this kind of basic black level in-
formation. The iconoscope differs from orthi-
cons in this respect, because the secondary
emission resulting from the high-velocity scan-
ning produces a potential distribution on the
mosaic in which black level is far from the
level existing during the retrace periods when
the beam is cut off. 1In fact, the difference
between black level and blanking level varies
continuously as the scene brightness changes,
because the potential distributioncaused by re-
settling of the secondaries likewise changes.
Automatic maintenance of setup, or pedestal
height, cannot therefore be obtained by refer-
ence to the signal during blanked retrace periods
in the iconoscope, but may be obtained by refer-
ence to actual black peaks in the picture sig-
nal. Where such reference is not practical, a
manual control may be readjusted from time to
time to keep the setup at the required value.

SYNCHRONI ZING

The horizontal and vertical scanning circuits
in a receiver are two entirely independent sys-
tems, both of which require extremely accurate
information to keep them in step with the cor-
responding scanning systems in the camera, where
the signal originates. Because the duration of
sync pulses may be rather short, these pulses
may be added to the picture signal in such a way
as to increase the overall amplitude of the final
signal without increasing the average transmit-
ted power level very much. Thus, simple ampli-
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tude discrimination can be used to separate the
synchronizing information fromthe incoming com-
posite signal in the receiver. It is, however,
desirable that a second increase in amplitude
should not be used to distinguish between hori-
zontal and vertical sync. The reason for this
is that a further increase in signal amplitude
would make necessary an increase in the peak
power rating of the transmitter or else would
unnecessarily restrict the power available for
the picture and horizontal sync portions of the
signal.

A synchronizing system has therefore been
chosen in which both vertical and horizontal
pulses have the same amplitude, but different
waveshapes. Frequency discrimination may then
be used to separate them in the receiver. The
shapes of these pulses and their relation to the
blanking pulses are illustrated in detail in
Figure 3-5. Figure 3-7 is a functional block
diagram showing the steps necessary to "utilize®
the sync signals.

LE SEcOND Pic TURE e
| DeTecTOR[ ~  |AMPLIFIER Lo
n—
SYNC. Hor1z, Osc.
NI

SEPARATOR e

INTEGRATING Ve mtDOsc.
WORK [T | SCANNING

New OUTPUT

Figure 3-7 - Block Diagram of Picture-signal
Amplifier and Scanning Circuits in Typical
Receiver.

Diagrams 1 and 2 of Figure 3-5 illustrate a
typical complete composite picture signal in the
neighborhood of the vertical blanking pulse in
each of two successive fields. Interlacing of
the scanning lines is shown by the time dis-
placement of the horizontal blanking pulses in
one diagram with respect to those in the other
diagram. This displacement is one-half of the
interval of a scanning line (#/2).

All sync pulses appear below black level in
an amplitude region which is sometimes called
blacker—-than-black; hence they can have no ef-
fect on the tonal gradation of the picture.
Horizontal sync pulses are (except during the
first portionof the vertical blanking interval)
simple rectangular pulses, such as those appear-
ing at the negative peaks or bases of the hori-
zontal blanking pulses and during the last por-
tionof the vertical blanking pulses. The dura-
tion of a horizontal sync pulse is considerably
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less than that of the blanking pulse, and the
leading edge of the sync pulse is delayed with
respect to the leading edge of blanking, form-
ing a step in the composite pulse which is called
the front porch. Correspondingly, the step
formed by the difference between the trailing
edges of sync and blanking is called the back
porch. The purpose in forming the front porch
is to insure that the horizontal retrace in the
receiver (initiated by the sync pulse) does not
start until after the blanking pulse has cut
off the scanning beam. It also insures that any
discrepancies which may exist in the leading
edge of blanking do not effect either the timing
or the amplitude of sync.

The choice of the nominal width of horizontal
sync (0.08 H, see diagram 5 in Figure 3-5 was
influenced by three tactors. First, the width
should be as great as possible so that the energy
content of the pulses will be large compared to
the worst type of noise pulses which may be en-
countered in the transmission process, thus
providing maximum immunity to noise. Second,
the width should not be greater than is neces-
sary to meet the first condition, because aver-
age power requirements of the transmitter may
thereby be minimized. Modulation of the pic-
ture transmitter is such that sync pulses rep-
resent maximum carrier power; hence it is de-
sirable to keep the duty cycle as small as pos-
sible. Third, the horizontal sync pulses should
be kept as narrow as possible so as to maintain
a large difference between these pulses and the
segments of the vertical sync pulses described
in the following paragraph. Such a large dif-
ference makes it easier to separate thea vertical
sync from the composite sync signal. It has
also been recognized that the back porch is use-
ful for a special type of clamping for d-c re-
storation. Hence it should be as wide as pos-
sible.

Vertical sync pulses are also basically
rectangular in shape, but are of much greater
duration than the horizontal pulses, thus pro-
viding the necessary means for frequency dis-
crimination to distinguish between them. How-
ever, each vertical sync pulse has six slots
cut in it, which make it appear to be a series
of six wide pulses at twice horizontal frequency,
i.e., wide compared to horizontal sync pulses.
The slots contribute nothing to its value as a
vertical sync pulse but do provide means for
uninterrupted information to the horizontal
scanning circuit.

Before and after each vertical pulse interval
are groups of six narrow pulses called equaliz-
ing pulses. These also are for the purpose of
maintaining continuous horizontal sync informa-
tion throughout the vertical sync and blanking
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interval. The repetition frequency of the
equalizing pulses and the slots in the vertical
pulses is twice the frequency of the horizontal
sync pulses. This doubling of the frequency
does two things. First, it provides an arrange-
ment in which the choice of the proper alternate
pulses makes available some kind of a horizontal
sync pulse at the end of each scanning line in
either even or odd fields. Second, it makes the
vertical sync interval and both equalizing
pulse intervals exactly alike in both even and
odd fields. The importance of this latter re-
sult will become evident in following paragraphs.
It is important to point out that the leading
edge (downward stroke) of each horizontal sync
pulse and of each equalizing pulse, and the
trailing edge (again the downward stroke) of
each slot in the vertical pulses are responsible
for triggering the horizontal scanning circuit
in the receiver; hence the intervals of H# or H/2
apply to these edges.

Perhaps the most difficult problem in syn-
chronizing, and the one in which there is the
largest number of failures, is that of main-
taining accurate interlacing. Discrepancies in
either timing or amplitude of the vertical scan-
ning of alternate fields will cause displace-
ment, in space, of the interlaced fields. The
result is non-uniform spacing of the scanning
lines, whichreduces the vertical resolution and
makes the line structure of the picture visible
at normal viewing distance. The effect is usu-
ally called pairing. The maximum allowable er-
ror in line spacing in the kinescope, to avoid
the appearance of pairing, is probably 10% or
less. This means that the allowable error in
timing of the vertical scanning is less than
one part in 5000. This small tolerance explains
why so much emphasis is placed on the accuracy
of vertical synchronizing.

The presence of a very minute 30-cycle com-
ponent in the vertical scanning invariably
causes pairing. The fact that the rasters pro-
duced in alternate fields are displaced with
respect to each other by half a line means that
the horizontal sync signal has an inherent 30-
cycle component. It is this situation, and the
need to prevent any transfer of the 30-cycle
component into the vertical deflection, which
account for the introduction of the double-fre-
guency equalizing pulses before and after the
vertical sync pulses. The vertical sync pulses
are separated from the composite sync signal,
before being applied to the vertical scanning
oscillator, by suppressing the horizontal sync
pulses in an integrating network similar to that
illustrated in Figure 3-8.

Most receivers employ integrating networks
of three stages instead of the two illustrated.
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nowever, the general character of the circuit
action is clearly shown by the wave-form dia-
grams* in Figure 3-8. 1In simple terms, the
equalizing pulses before the vertical syne
pulses cause the integrating network to "forget®
the difference between alternate fields by the
time the vertical sync pulses begin. This is
illustrated by the gradual convergence of curves
f and ¢ during the equalizing pulse interval,
as the result of integration in the first stage
alone. The effect of further integration in the
second stage is shown by curve %, which is typi-
cal of the pulses applied to the vertical oscil-
lator in a receiver. Thus, the 30-cycle com-
ponent is effectively eliminated, from the
standpoint of accurate timing of the start of
vertical retrace, by the addition of the first
set of equalizing pulses and the slots in the
vertical pulse itself. The second set of equal-
izing pulses which follow the vertical pulse af-
fect to some extent the impedance of the circuit
to which the vertical scanning oscillator is
coupled, and thus affect the amplitude of its
output; hence these pulses help to provide more
nearly constant output of the oscillator. Both
sets of equalizing pulses contribute materially
to the necessary accuracy of vertical synchron-
izing.

The width of an equalizing pulse is half the
width of a horizontal sync pulse (see diagram 4
of Figure 3-5, and Figure 3-8). This width is
chosen so that the a-c axis of the sync signal
does not change at the transition from the line-
frequency horizontal sync pulses to the double-
frequency equalizing pulses. The curves f, and
g2 in Figure 3-8 illustrate the undesirable ef-
fect of making the equalizing pulses the same
width as the horizontal sync pulses. There is
a slight rise in the integrated wave during the
equalizing pulse interval, which could cause
premature triggering of the vertical oscillator
in the receiver if the hold control were ad-
Justed near one end of its range. This rise in
the integrated wave results from the change in
the a-c axis.

The width of the slots in the vertical sync
pulses is approximately equal to the width of
the hor izontal sync pulses. The slots are made
as wide as possible so that noise pulses or other
discrepancies occurring just prior to the leading
edge of a slot (i.e., near the end of the pre-
ceding segment of a vertical pulse) do not trig-
ger the horizontal oscillator. Premature trig-
gering can happen if the noise pulse is high
enough amd if it occurs very close in time to
the normal triggering time. Increased time-

separation (a wider slot) reduces likelihood of
such premature action. Here again, the require-
ments of special clamping also are met more
easily if the slots are made as wide as pos-
sible.

A further important advantage of the RMA sys-
tem of separating the vertical sync by frequency
discrimination is that the integrating network
is a potent factor in reducing the effect of
noise on vertical synchronizing. Noise signals
contain mostly high-frequency components; hence
they are almost completely suppressed by the
integrating circuit.

Differentiation, or suppression of the low-
frequency components, of the sync signal before
it is applied to the horizontal scanning oscil-
lator is done sometimes, but it is not neces-
sary, and has not been indicated in Figure 3-7.

The methods just described for synchronizing
the scanning circuits in a television receiver
are complicatedby the need for transmitting the
complete information over a single channel. In
the case of the scanning circuits in the cameras,
however, the situation is very different. The
cameras and the synchronizing generator are so
close to each other that there is no problem in
providing as many wire circuits as may be de-
sired. Therefore it is customary to use what
are called driven scanning circuits in cameras
and sometimes in picture monitors used with the
cameras. Separate pulse signals, called driving
signals, are produced in the synchronizing
generator for exclusive use in the terminal
equipment. Horizontal and vertical driving sig-
nals are completely independent of each other
in the RCA system and are carried on separate
transmission lines to the points of application.
The driving signal pulses trigger directly the
sawtooth generators which produce the scanning
wave forms. This method reduces interlacing
errors in the terminal equipment to the errors
inherent in the driving signals.

Figure 3-9 illustrates a portion of the scan-
ning lines appearing on a kinescope as a result
of the application of a television signal com-
posed of RMA sync and blanking pulses. The
group of lines shown are those occurring in the
neighborhood of the vertical retrace period in-
cluding a few before and a few after the verti-
cal blanking pulse. As noted on the diagram,
the triggering of the lines has been displaced
both vertically and horizontally so that the
shadows produced by the sync and blanking pulses
appear near the center of the raster rather than

* Diagram prepared by A. V. Bedford, RCA Laboratories, for presentation to the N.T.S.C.
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Figure 3-9 - Television Synchronizing Signal and Pulse Cross

in the normal positions at the edges of the
raster. This displacement is brought about sim-
ply to clarify the illustration of the effect
of the pulses on the raster.

~ The shadows produced thus are called a pulse
cross. When expanded vertically so that in-
dividual scanning lines become easily apparent,
the pulse cross becomes a ready means of check-
ing the performance of the sync generator. The
shadows produced by each different kind of
pulses are indicated clearly on the diagram.
With linear scanning, the horizontal dimensions
of the shadows are measures of time or pulse
width, and, because of the expanded scale, they
provide a relatively accurate means of measur-
ing pulse width. Furthermore, by counting ap-
propriate lines, the numbers, of equalizing
pulses, slots, vertical sync pulses, etc. can be
checked easily.

A useful piece of station test equipment can
be made by modifying the deflection circuits in
a picture monitor to provide the displacement of

www.SteamPoweredRadio.Com

the lines and the extra large vertical expan-
sion described.

AUTOMATIC FREQUENCY CONTROL OF SCANNING

The constant search for means of immuniza-
tion against the effects of noise has brought
about the development of automatic frequency
control (afc) of the scanning circuits in tele-
vision receivers. 1In triggered circuits, each
scanning line (and each field) is initiated in-
dividually by a pulse in the incoming signal.
In contrast to this, in an afc system, scanning
generators are governed by stable oscillators
which, in turn, are controlled by voltages ob-
tained from phase comparison of the incoming
sync pulses with the scanning signals themselves.
The time-constant of the comparison circuit is
usually made long, compared to the period of the
scanning, so that random noise pulses have very
little effect on the resulting control voltage,
and correspondingly little effect on the scan-
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ning frequency. The fact that suchafc circuits
are keyed provides a further immunization factor
by eliminating the possible effect of all noise
pulses except those which coincide with the
short keying intervals. The use of afc scanning
circuits imakes possible accurate synchronizing
of a receiver under such bad conditions of noise
that the masking of the picture by the noise
renders it completely unusuable. Thus, failure
to synchronize may be largely eliminated as a
limiting factor in picture reception.

AFC may be gged with both vertical and hori-
zontal scanning circuits, but so far is being
used commercially for horizontal circuits only.
One reason for not using afc with the vertical
circuits is that the time-constant must be very
long to provide a stable control voltage. As a
result, the circuit will not recover from an
extended interruption of the incoming signal
until an intolerably long time has elapsed. The
frequency of the oscillator drifts during an
interruntion, and may not recover for a large
number of seconds after the signalreturns. dur-
ing the period of recovery, the raster rolls
over continuously at a decreasing rate until
control is restored. The time-constant of the
horizontal circuit, on the other hand, may be
short enough so that recovery takes place in
less than one field. Triggered scanning cir-
cuits, of course, recover from signal interrup-
tions very rapidly, but they do not have the
same high immunity to noise that the afc cir-
cuits have.

‘: BEGINNING OF
oR.
L Hor: RETRACE

I
END OF
Etﬂwms//1

BEGINNING OF
BLANKING

END OF
BLANKING

!
1
|
1
]
|
I
|
|
|
|
)
!
|
J

Figure 3-10 - Effect of Frequency Modulation of
Horizontal Sync and B/anking on Shape of Raster
in Receiver with AFC of Horizontal Scanning.

As a result of the use of afc circuits in re-
celvers, a high degree of frequency stability is
required in the horizontal sync and blanking
signals. Frequency modulation of the horizontal
pulses is intolerable because it causes the
right- and left-hand edges of the blanked raster
in the receiver, as well as vertical lines in the
scene, to assume the same shape as the modulating
wave. As shown in Figure 3-10, the border of the
complete raster in the receiver is rectangular,
but frequency modulation of the horizontal sync
and blanking will distort the shape of the border
produced by blanking. Frequency modulation by a
60-cycle sine wave is illustrated.
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Horizontal retrace begins along a straight
vertical line regardless of timing; and since
this retrace is controlled by a stable oscilla-
tor in the receiver which is not responsible to
short-time changes in sync timing, the presence
of variations in sync timing and of correspond-
ing changes in blanking pulse timing, will show
as a displacement of the edges of the blanked
raster. The frequency stability of the sync
generator must therefore be at least equal to
the stability of the oscillators used in afec
receivers. The maximum rate of change of fre-
quency allowable in a sync generator has been
specified by RMA as 0.15% per second. This is
a rather strict tolerance, as indicated by the
fact that it allows a total displacement of only
1/32 of an inch (approx.) in a period of one
field in a picture 10 inches wide.

FILM PROJECTION

The use of standard souna motion picture
film for television program material offers a
special problem which arises from the difference
in the picture repetition rates use. For rea-
sons explained previously, the rate used for
television is 30 frames and 60 fields per second.
The standard speed for sound film, both 16mm and
35mm, is 24 frames per second, and since each
frame is projected twice, the picture rate is
48 per second. The basic problem of reconciling
the frequency difference has been met by using
special projectors for television, in which
alternate frames of the film are projected twice
and the remainder are projected three times. In
this way, 60 pictures are obtained in place of
the usual 48, but the average speed of the film
through the projector is unchanged; hence the
sound take-off is entirely normal.

Another problem also presents itself in the
use of intermittent film projectors for televi-
sion. The vertical scanning period occupies
from 92% to 95% of the total period. If the
projected image is to be thrown on the pickup
tube during the scanning period at all, it must
be for the entire time so that all parts of the
area will be subject to the same lighting con-
ditions. Such an arrangement would leave only
the vertical retrace period (5% to 8% of the
total, or approximately one thousandth of a sec-
ond) inwhich to pull down the film to the next
frame. 35mm film will not stand up under accel-
erations produced by sprocket-hole pull-down in
such a short period; hence some other scheme must
be used. The method which has been adopted for use
with intermittent projectors makes use of the
storage property of certain kinds of pickup
tubes, such as the iconoscope. The frame of
film is projected with very intense illumina-
tion during the vertical blanking period only,
while neither the pickup tube nor the receiver
is being scanned. Then the light is cut off and
the pickup tube is scanned in the absence of any
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optical image from the film. The signal gener-
ated during this scan results from charges
stored on the sensitive surface during the pre-
ceding flash of light. While the light is cut
off during the scan there is ample time to pull
the film down before the next flash of light,
without exerting destructive forces. The pulses
of light may be obtained by chopping the output
of a continuous source with a rotating disk, or
(with a special type of arc lamp) by pulsing the
source itself by electronic means. The storage
properties of pickup tubes for this purpose must
be sufficiently good so that dissipation of the
stored charges is negligible between light
pulses. Appreciable dissipation causes loss of
contrast at the bottom of the picture.

Another solution to the problem of film pro-
jection in television is the use of a continu-
ous projector, a type which produces a station-
ary image fromcontinuously moving film by means
of moving mirrors or lenses. This solution has
not been accepted commercially so far because
of practical difficulty in making the optical
system sufficiently accurate to stop motion of
the image completely.

The film problem in England, Europe, and
other areas where 50-cycle power systems are
standard, and where the television field fre-
quency is also 50 cycles per second, is simpler
in one respect, namely that it is not necessary
to use the two-three ratio for projection of
alternate frames of film. Instead, the film is
projected as it is in theaters where each frame
is projected twice. No attempt is made to com-
pensate for the difference between the 24 frame
taking speed and the 25 frame projection speed.
The results are an approximate 4% increase in
the apparent speed of motion of objects in the
scene (which is probably negligible) and a slight
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rise in the.pitch of all sounds. This latter
effect is the more objectionable of the two,
though generally it is not noticeable in speech
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musician in the case of musical sounds and must
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music. However, no easy solution to the problem
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serious complaint. The other aspects of the
film problem are not affected by the use of 50
fields instead of 60.
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PART |1

FUNDAMENTAL CIRCUITS

INTRODUCTION

The foregoing discussion of basic concepts
shows that television circuits use vacuum tubes
and components in ways that differ significantly
from audio- or radio-frequency circuit applica-
tions. Sinusoidal wave forms are the exception
rather than the rule. Usually the complex wave
forms observed in television circuits are rec-
tangular pulses, sawtooth shapes, or combina-
tions of both. Vacuum-tube grids may be driven
from a point well below cut-off potential into
the positive region where grid current flows.
The vacuum tube may operate as a switch in
which total voltage and current values are used
rather than small incremental quantities. Also
time becomes an important factor since certain
circuits must function in a particular manner
with respect to time. The following notes are
concerned with some fun#lamental television cir-
cuits employing coritepts outlined above,

OVERDRIVEN AMPLIFIER

An overdriven amplifier is one in which the
grid voltage is varied from a point below the
tube cut-off voltage to some value in the posi-
tive region where grid current flows. This type
of amplifier may be used as a limiting or clip-
ping device or as a pulse amplifier. A circuit
diagram is shown in Figure 3-11.

Figure 3-11 - Overdriven Amplifier

In the overdriven amplifier the following
symbols apply:
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T = d-c plate resistance = eb/i . For
= 0 assume r, constant
eg b
= 10,000 ohms approximately for 65N7.
7é = d-c grid resistance = e /i _. Assume
rE-constant for given tube
= 1,000 ohms approximately for 6SN7.
Eco = grid voltage for plate current cut-off
= Ebb/n for triodes only.
Rg = grid limiting resistor which limits

grid voltage to a value slightly posi-
tive with respect to the cathode.

Figure 3-1i2 shows an equivalent circuit and
the resultant wave forms when a sinusoidal vol-
tage e; is applied to the grid. In this equi-
valent circuit, switches §. and S  areopen when
the grid voltage is below cut-off. They are
closed when the grid voltage is positive with
respect to the cathode.

>

Figure 3-12 - Overdriven Amplifier, Equivalent
Circuit and Wave Form.

When e; = 0, the grid voltage e _1is equal to
Ek. when e; - Ek 0, grid current flows and
l1imits e_ to a slightly positive value. The
grid voltage remains positive and constant, be-
cause of the drop across #_ (note that ® >>F ),
until e; approaches the gao-degree point of the

cycle., During the first half-cycle ip rises
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rapidly to a value determined by ., RL, Ek, and and the output voltage A is
. Ebb’ and then remains constant until e becomes

negative. When e; + Ek is equal to tEe cut-of f
voltage, i, falls to zero and no plate current =
flows for the remainder of the cycle. During

the time that eg is zero or slightly positive,

( ) 1 k
R E.. - K =
L +
& = bd k s Rk
. T, *+ R
P b/
from which the gain 4 is expressed
When plate current is cut off (S, open), ey w Ry
4 = =
+ + 1) R
e; Tﬁ (e 1 %
E; = Ebb

If the amplification factor u is large, com-

In this circuit the sinusoidal input voltage pared to 1, the gain 4 becomes
has been clipped at both top and bottom to give
a rough square-wavé output voltage.

KRy
A =
r % R
CATHODE FOLLOWER p M TR
A linear cathode-follower stage differs from
the ordinary amplifier circuit in five ways: In another form, the gain may be expressed
(D the signal polarityis not inverted, (2) the
gain is less than 1, (3) the output impedance
. is low, (4) the input impedance is high, and I
(5) the input capacitance is lowered. It may — Rk
be used (1) after a pulse-shaping circuit to ~ g )
prevent loading of the circuit, (2) to drive 4 B B
tubes requiring grid power without altering the 1 +— Rk
waveshape, or (3) as a device to match high to .
low impedances. It can deliver high currents
to a low-impedance load without altering the
waveshape. The basic circuit and equivalent B Ry
circuit are shown in Figure 3-13 for incremental =
quantities, L+ g, Rk
._de "
g, The last equation resembles the egquation for
the gain of an ordinary amplifier stage reduced
1
¢ by the factor T/ — 7% The grid-to-cathode
ey, Peg lp 1+ ngk
— input capacity is reduced by the same factor,
Ry ex and the total input capacity becomes
! c
Figure 3-13 - Cathode Follower Circuit Ci gr 1+ ¢ Rk
m

From Figure 3-13 it may be seen that
eg = e; ~ ey hence pe  becomes u(ei = ek)° Then

Similarly, the output impedance is reduced to
in the equivalent circuit

‘ ' ) ;L(ei = ek) 5 ) Rk
1¢ - o

r, *+ R 1+ gk,
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3-20 .

MULTI VI BRATORS

A multivibrator is a circuit arrangement in
which two tubes operate as switching elements
to control the duration of current flow in the
two load resistances. It may be compared to an
oscillator, in that its action can beé self-sus-
tained. Such a multivibrator is called a "free-
running” multivibrator. It may be synchronized
to a desired frequency by either a sine wave of
the given frequency or by a pulse whose repeti-
tion rate is equal to the desired frequency.
There is alsoa type of multivibrator known as a
"flip-flop", "one-kick", or "one-shot" multi-
vibrator. This type of multivibrator performs
one cycle of operation only when triggered by
an external synchronizing signal.

Figure 3-14 is a circuit diagram of an un-
biased free-running multivibrator. Capacitor

<

L

‘Figure 3-14 - Unbiased Filee-running
Multivibrator

¢, couples the grid of I', to the plate of r,.
Similarly, 02 couples the grid of T2 to the
plate of Tl° The circuit operates as follows:
Suppose Ebb is applied when both §ubes tend to
conduct., Any small difference in circuit values
or tube characteristics will result in one tube
carrying more current than the other. Suppose
more current flows in 7. The greater voltage
drop in RLl is impressed on the grid of Tz,mak—
ing that grid more negative and decreasing the
current flow in I,. The plate potential of T,
rises, and this drives the grid of Tl toward
positive potential, causing Tl to draw a still
greater current., The effect is cumulative and
results in Tl carrying maximum current while T2

is cut off

The cycle of operation following the cut-off

of T2 is shown in Figure 3-15. The plate vol-
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Figure 3-15 - Operating Cycle of Free-running
Mul tivibrator
i
tageof‘fl drops to avalue equal to
b I
Since the grid of T2 is coupled to the plate of
T, through 029 the grid voltage of T2 also drops
below zero by an amount equal to epry- Grid

voltage e _tends to go positive because ¢

b2
when Tz is cut off; however, Cl

and leaves

rises to Ebb
charges quickly through RL2 and 7,

e,, at approximately zero potential. Capacitor
02 begins to discharge exponentially through
k,, and R, and ?;l in parallel. [he equiva-
lent circuit, for C2 discharging, is shown in

Figure 3-16.

—tm -—
= Epp e Rqe
L 41
R Cz

Figure 3-16 - Copacitor Discharge Circuit

The equation for the discharge of a capaci-
tor is

s p ~tHEE
(0]

where = voltage on capacitor at time t
= total discharge voltage

= time constant of discharge circuit.

i . W
7, + &, Db
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Since we are interested primarily in e ,0 We
t the
beginning of the discharge e , = ep; . The
steady-state condition toward which e 2 is tend-

reaches cut-

shall consider the voltage across Rgz'

ing is zerovolt; however, when e,
off voltage, tube T2 will begin go conduct, and
tube Tl will be cut off,

From Figure 3-10 it can be seen that the
total resistance in the discharge path is
Tp1 F1)
R +
g2

7}1 * RLl

Stray capacityis neglected in the calculations,
but tends to round the corners of the plate-vol-
tage wave form as shown in Figure 3-15. From
the foregoing we may write the equation for the
voltage on the grid of T21

& -t/RC
e = e €
g2 Rpa
"1 iy
= -t /R +
I = e € "2 gz - ¢
co R Th1 + le 2

(specific equation to point of cut-off).

In the usual design problemall the constants
are known or can be determined, with the excep-
tion of & , and Czu The value of RLl is de-
termined %y the amplitude of plate-voltage
change desired. & and 771
tube type.

co depend upon the

The time interval t, is known for a
particular application and is the time that T,

is not conducting. The product & 202 may be
calculated from the equation for voltage across
Rgz'

The operation of T, follows an identical
cycle when it is cut off. The sum ¢, * ¢, of
the cut-off periods determines the total period
of the cycle. The frequencyof the multivibrator
may be varied by varying either or both grid
resistors.

It will be noted in Figure 3-15 that e ap-
proaches Eco at the angle a. Since this angle

is small, any variation in tube characteristics
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or components causing a shift in Eco will alter
the cut-off period t because the point of inter-
section of e with Eco will change. when it is
essential that ¢ remain nearly constant over a
long period of operation, the grid may be re-
turned to Ebb as shown in Figure 3-1i7.

=
Figure 3-17 - Grid Return Circurit

g1 is shown in
In this example, e m is heading

instead of zero potential as in the

The discharge wave form for e
Figure 3-13.
for %

bd
previous case, and the angle a is large. Small
————————— = — — Esp
e
e
#
I IFC'_.{N//
¢
S

Eh K- Eco

Figure 3-18 - Grid Vol tage Wave Form

variations in Eco will not greatly alter the in-
tersection of egl and E009 and thus tl will re-
main very nearly constant.
the discharge of Cl becomes

The equation for

_ -t /RC
Bop ¥ Beo = (QRLZ t B €

An example of the so-called "flip-flop"
multivibrator is shown in Figure 3-19 with the
associated wave forms., Tube T2 is normally con-
ducting, and plate-current flow through Rk keeps
Tl cut off. When the grid of I, receives the
trigger pulse, €p) decreases and drives the grid

of T2 below cut off, T2 remains cut off until

02 discharges to the cut-off potential, at which
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TRIGGER
N PULSES

€g2

€be

i

3

Figure 3-19 - "Flip-flop" Multivibrator

point T, resumes conduction until another trig-
ger pulse is received.

CATHODE-COUPLED MULTI VI BRATORS

The multivibrators discussed thus far oper-
ate well up topulse repetition rates of several
thousand pulses per second. At higher repeti-
tion rates, stray capacity tends to cause un-
stable operation. To minimize stray-capacity
effects and extend the stable range of opera-
tion, one can resort to cathode coupling between
stages.

A cathode-coupled multivibrator is shown
schematically in Figure 3-20.

Y

qe

|
I
[ ey

Y
S

'
s

£

by

Figure 3-20 - Cathode-coupled Multivibrator

When +5 voltage is applied to the circuit,
plate-current flow establishes across Rk a bias
voltage common to both tubes. At the same time
the voltage drop across R;, 1s impressed on the
grid of T,s reducing the plate current in Tz
and lowering the bias voltage across Rk“ With
lower bias voltage, T, carries a larger plate
current, and the resulting plate-voltage drop
drives the grid of r, more negative. The proc-
ess is cumulative and rapid, so that I, is cut
off gquickly.

If You Didn't Get This From My Site,
Then It Was Stolen From...
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Capacitor C, discharges in normal manner
until the grid reaches cut-off potential. This
cycle is shown, during ¢,, in Figure 3-20.
The flow of I, plate
current through R, reduces the plate current in

Then I, begins to conduct.

I, because of increased bias. The plate voltage
of I rises as the plate current decreases, and
this voltage rise is coupled to the grid of 7,
through C,e The grid of T2 is driven positive
by this cumulative process.

T2 cuts off Tl.

Heavy current in

Now C, begins to charge through RLl and the
parallel combination of 7 and R » It charges
quickly until the grid voltage is reduced to
cathode potential. Then T, grid current ceases,
and 02 continues to charge through RLl and Rgz'
At the end of the time interval t, plate current
in T2 has been reduced sufficiently to allow Tl
conduction. From this point on, the cycle is

repeated.

This type of multivibrator is inherently un-
stable because neither tube can keep the other
in cut-off condition. Also, the effect of stray
capacity is reduced by interstage coupling to
one grid only, and the input capacity of that
grid is reduced by cathode-follower action. The
controlling signal is coupled between stages by
a low-impedance circuit in the cathodes, in
which the effect of stray capacity is lessened.
A multivibrator of this type may be operated in
reliable manner at a pulse repetition rate of a
million pulses per second.

CLIPPING CIRCUITS

Clipping circuits are used to eliminate un-
desired portions of complex wave forms by limit-
ing the amplitude excursion in either the posi-
tive or negative direction, or in both direc-
tions, Clippersor limiters are usually applied
in circuits in which pulses are formed and
shaped to desired specifications,

Figure 3-21 illustrates a simple peak-clip-
ping circuit which may be used to form a square

Tp CONDUCTING

Figure 3-2/ - Peak Clipping Circurt
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wave from a sinusoid. Two diode elements, T,
and T2, are connected as shown. Bias battery
El keeps tube T cut off until input voltage e,
increases in the positive direction to a value
equal to El. Further increase in e; causes con-
duction of L. and results in a voltage drop
across R. As e; increases, both the current in
Tl and the voltage drop across R increase so
that the output voltage B is fairly constant
after e; becomes slightly greater than El. A
similar condition holds for the negative half-
cycle of the input voltage. In this, the out-
put voltage increases in the negative direction
until bias E2 is overcome. Then conduction in
Tz limits the output voltage to a fairly con-
stant value. Wave forms for the cycle of opera-
tion are shown in Figure 3-21.

To produce, from a sine wave, a square wave
with a short rise time by using a clipper of
this type, it is necessary to connect several
stages in cascade, inserting amplifiers between
stages.

The overdriven amplifier discussed on previ-
ous pages may also be used for performing a
clipping operation. Figure 3-22 1s a practical

t
}—e‘ egz 1117 " T eo
1
€,
¥ ¥ ¥ ebz
o t

Figure 3-22 - Triode Clipper Circuit

triode clipper circuit utilizing a type 6SL7
tube. It may be desirable, for example, to re-
move overshoots or distortion in the tops of a
square wave such as e; in Figure 3-22, If e;
is symmetrical about the a-c axis, the grid of
7, will assume a bias voltage, due to grid cur-
rent, which will permit just the tip of the
pulse to reach zero potential with respect to
the cathode. If the pulse amplitude is suffi-
ciently large, the negative excursionswill drive
the tube beyond cut off and eliminate the over-
shoot on the negative half-cycle.
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The signal on the plate of Tl consists of a
square wave with overshoots eliminated in the
positive half-cycle. By passing this signal
through Ty the overshoot is eliminated in the
negative half-cycle, and a clean square wave is
obtained in the output.

In the foregoing examples of clipping cir-
cuits, the action was symmetrical about the a-c
axis. In some cases it may be desirable to clip
only the tips of positive pulses, retain the
tips, and eliminate the remainder of the wave
form. Such a circuit and the appropriate wave
forms are shown in Figure 3-23. Suppose the

input voltage consistsof alternate positive and

yy S0 V V 3

0 4
Figure 3-23 - Clipper Circurt

negative pulses obtained by differentiating a
square wave, It is desiredto clip the positive
pulses midway between the axis and the tips.
Voltage relationships are shown in Figure 3-23.

The clipping level is set by adjusting the
bias in the cathode circuit so that, without
signal, the tube is biased beyond cut-off. Only
the positive tips of the input pulses cause
plate current to flow.

In the clipping circuits described thus far,
no attempt has been made to compensate for the
inherent curvature near cut-off in the plate-
current-cut-off type of clipper. Where the
clipper is used to clip the blanking pulse and
establish black level, as in Figure 3-4C, it is
imperative that the slope of the grid character-
istic curve remain constant to the clipping
point; for this will prevent squashing of the
video signal near black level and avoid change
in the transfer characteristic. The linear
clipper shown in Figure 3-24 accomplishes the
desired result.

The linear clipper circuit includes a pentode

4 a load resistor R2 in series with a diode

l)
section st and an additional load resistor &
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Figure 3-24 - Linear Clipper Circuit

in parallel with ®, and 7,- The value of R, 1is
approximately 20 to 30 times that of R2. Both
plate and screen supplies are regulated.

Figure 3-25 shows the characteristic curve
for the linear clipper.

CLIPPING LEVEL
(BLACK LEVEL) —=|
|

Figure 3-25 - Linear Clipper Characteristic

When Vl is operating on the linear portion
B-C, the plate current i, is il + izg and the
plate voltage is less than Eb/z; hence 72 con-
ducts and causes signal current i _to flow in
R,. At point B the plate voltage of 7, is equal
to £,/2. Between 5 and 4 the cathode voltage
of 72 is greater than Eb/z; therefore i2 is
zero, and there is no change in signal output
voltage. Thus the blanking pulse is clipped at
black level. Only the linear portion of the
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curve between B and C is used for the picture
signal.

Cut-off in this clipper is abrupt. The use
of a pentode tube permits an abrupt change in
external load resistance without affecting
plate current. As i2 approaches zero, the ratio
il/i2 changes rapidly, resulting in a rapid
change of V2 cathode voltage in the cut-off
region.

By adjusting the equivalent bias on Vl, point
B can be made to coincide with black level,

A serious drawback of the linear clipper is
capacity feed-through of transients. This
trouble can be cured by connecting a second
diode element, as shown by the dotted lines in
Figure 3-24. By proper bias adjustment the
second diode can be made to conduct at a poten-
tial just above cut-off of the limiter so that
unwanted signals are shunted to ground when the
limiter is inoperative,

BLOCKING OSCILLATORS

A blocking oscillator is a form of self-
pulsed oscillator that is used as a simple means
for obtaining a short pulse at some desired
repetition rate. Figure 3-26 is a schematic
diagram of a simplified blocking oscillator cir-
cuit., The coupling coefficient of the iron-core
transformer T is very nearly unity. The con-
nection polarities of the transformer must be as

Figure 3-26 - Blocking Oscillator Circuit

shown. Wave forms for the operating cycle are
given in Figure 3-27.

When B+ is applied and plate current starts
to flow, a voltage develops in the primary wind-
ing, due to the inductance drop I di/dt. This
voltage is coupled to the secondary so as to
cause the grid voltage to rise in the positive
direction. Thus, the plate current is further
increased. The effect is cumulative and causes
the grid to go positive quickly. As the grid
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Figure 3-27 - Blocking Oscillator
Operating Cycle

is driven positive, two actions occur: Grid
current flows and charges C,; and plate vol-
tage is reduced to such a low value that further
increase in grid voltage will not increase the
plate current. The secondary voltage then
ceases to increase, and Cl begins to discharge.
The discharge of 01 lowers the grid voltage,
causing a decrease in plate current. The in-
duced voltage in the secondary is in the nega-
tive direction, due to the change in di,/dt,
and the grid is driven quickly below cut-off.
Then Cl is discharged through Rl and the trans-
former secondary until the grid voltage is 1less
than cut-off., When plate current starts to
flow, the cycle is repeated. The unbiased block-
ing time is roughly 2 or 3 times ClR19 depending
upon the transformer turns ratio, inductance
values, and self-resonant frequency. The block-
ing oscillator frequency may be controlled by
varying the bias on the grid or on the cathode,
or by varying Rl.

The blocking oscillator may be synchronized
by applying either a sine-wave or a pulse vol-

tage across a resistorin the ground lead of the
transformer secondary.

STEP-CHARGING CIRCUITS

A step-charging circuit is one in which the
potential across a capacitor is built up in a
series of steps. Its fundamental use is in a
frequency-dividing system in which a blocking
oscillator is triggered after a number of steps

have been completed. Figure 3-28 shows a simple
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step-charging circuit and the resultant wave
forms,

Figure 3-28 - Step-charging Circuit

Assume that the plate voltage ebrises quickly
at time ¢, and that e, = 0. viode section Tl
will conduct and charge Cl and 02. The voltage
across 02 is given by the equation.

When ey returns to its minimum value, diode sec-
tion T2 will conduct and discharge Gl. At time
t, diode Tl conducts again, charging Gl and 02.
This time, however, the total change in ey is
not divided between C, and 02 since 02 has on it
the voltage developed at time ¢, . Let e, denote
Voltage to which 02 was charged during the in-
itial pulse. Then

Each succeeding step may be calculated in the
manner shown above., The voltage on 02 during
the preceding step must be subtracted from the
peak-to-peak plate voltage in determining the
amplitude of the next step.

At the end of a given number of steps, a
blocking oscillator is triggered, 02 is dis-
charged, and the cycle is repeated.

NON-LINEAR MIXERS

Insome television applications, specifically
in the synchronizing generator, it is necessary
to mix two pulses in such a manner that the re-
sultant signal is not the algebraic sum of the
two pulses. In effect, a third pulse is created
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which differs in character from the original
pulses. Consider the circuit in Figure 3-29.
The 6L7 tube is biased at such a high value that
both grids must receive positive pulses before
plate current can flow. During the time that a
positive pulse exists on both grids, plate cur-
rent flows and gives an output voltage as shown,

4

_]
;j__

Figure 3-29 - Non-/inear Mixer

Figure 3-30 is a curve taken on a type 6L7
tube for the electrode voltages shown. If the
bias voltage is set at -14.5 volts as indi-
cated, either grid potential may be reduced to
zero without plate current flow.

TEK, QUIESCENT POINT.

6L7
Ep= 150 VOLTS

Ecp= 75 VOLTS

1 |

0 1 1 1 1 1 L
-2 -4 -6 -8 -10 -12 -4 -6 -18 20-22

Eci

Figure 3-30 - Characteristics of Type 6L7 Tube

A-F-C DISCRIMINATOR CIRCUIT

To improve receiver performance, certain
limitations have been recommended by the RMA
Committee »n Standards for the maximum accelera-
tion of the synchronizing-signal frequency,
Also, it is desirable to lock the frequency of
the sync generator to a local 60-cycle power
Supply soas to simplify studioand remote opera-
tion. Since the local power-supply frequency
may change by an amount exceeding RMA standards
during sudden load changes, a means of delayed
frequency control must be devised, in which the
acceleration of frequency, in cycles per second
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per second, does not exceed the recommended
standard, Such a circuit is the lock-in cir-
cuit shown in Figure 3-31.

T SGONPULSE INPUT

D-C OUTPUT
VOLTAGE

PULSE INPUT H

Figure 3-3/ - Frequency Control Circuit

The circuit consists of four diode elements
in a balanced bridge network, The sine wave of
the local 60-cycle supply is clipped and applied
across the bridge. A 60-cycle pulse voltage,
derived from the synchronizing signal oscilla-
tor, is applied to the center leg of the bridge
through a transformer. The phase of the local
power supply voltage is adjusted so that the
pulses occur at the zero-voltage point.

With reference to Figure 3-31 it may be seen
that, normally, Tl and T2 would conduct during
the negative half-cycle; however, a bias vol-
tage, built up across k,C,, prevents conduction.
Similarly,-T3 and Tk would normally conduct dur-
ing the positive half-cycle, except for the
bias voltage.

bias voltage when the clipped sine wave is

The pulse voltage overcomes the

passing through zero, and Tl and T2 conduct
briefly during a small portion of the negative
half-cycle, while T3 and T, conduct momentarily
during a small portion of the positive half-
cycle. If the pulse voltage is in phase with
the power line voltage andof the same frequency,
the net charge on C, will remain the same.

If, however, the frequency relationship be-
tween Cl and the pulse voltage should change,
the charge on 02 will change because the diodes
will conduct more during one of the half-cycles
than during the other,
R203 may be adjustedto provide for slow changes

The time constant of

in the d-c output voltage, thus preventing er-
ratic changes in power-line frequency from ap-
pearing in the control voltage.

The d-c output voltage is used to control a

reactance tube for changing the frequency of the
pulse voltage.
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REACTANCE TUBE CIRCUIT

A reactance tube is used for controlling the
frequency of an oscillator by varying the effec-
tive tank circuit in the plate of the oscillator.
Figure 3-32 shows a typical reactance tube cir-

cuit.

D-C CONTROL
VOLTS

upn

L .I”

= ||G"__ - 8

Figure 3-32 - Reactance Tube Circuit

In this circuit, R >> 1/jwC . Let the im-
pedance between points "C" and D" be Zl = Ry
The impedance from "D” to "G" is 1/jw02, which
we shall call Zz' Then we may draw the equiva-
lent circuit shown in Figure 3-33.

A
—-—@
! i
P* Tp Ly L
-5 Z,—»™ E °==¢,
h i ¢ & &
B
Figure 3-33 - Reactance Tube Egquivalent
Circurt
E 7z F Z2
Ir 2,27, e = ~
1 27 g
Zl + 7 Zl
>> i s
B i Zl + Z2 Tb’ tﬁ N 1
bn 2, F
but Lp = gmeg = 2

T'he admittance, looking into the reactance
tube plate is

i &n Zz
Y = —— Ny —_—
AB I~

13 Zl
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or
En
Tas jwC, R

2 "L

Thus, the admittance of the reactance is
equivalent to an inductance which would vary
with Ene The vector diagramof current and vol-
tage relationships is shown in Figure 3-34.

I
- P

Figure 3-34 - Reactance Tube Circuit Vector

Diagram

futual conductance of the recactance tube is
varied by changing the d-c grid bias. This cir-
cuit, in conjunction with the lock-in circuit
previously described, may be used to keep the
frequency of an oscillator synchronized to a
local power source,

SAWTOOTH GENERATORS

A sawtooth generator is a device whose out-
put voltage has a repeating triangular wave
shape of which the positive slope is constant.
Thus

=R B Constant

This type of voltage is used as a time base for
the scanning of cathode-ray or kinescope tubes.
In view of the present television standards, we
shall be concerned with sawtooth wave forms whose
frequencies are 60 cycles and 15,730 cycles per
second.

Figure 3-35 is a circuit diagram of a saw-
tooth generator commonly used in television
equipment.

Assume that C is charged at the bheginning
of a cycle. Pulse e; is applied to the grid
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+E In the ordinary sawtooth generator circuit, the
b charging current is not constant, but varies ex- '
ponentially so that the voltage on C at the time

R /\/\/ Ty is less than the voltage for the ideal case

by a factor A, or

The linearity factor A is thus expressed as the
percentage of ideal voltage to which C charges

Figure 3-35 - Sawtooth Generator Circurit in a simple circuit.

with sufficient amplitude to drive the grid

positive, The triode conducts heavily, dis- From the simple circuit we know that
charging C. Juring the positive pulse interval,

the flow of grid current produces a bias voltage

across the grid resistor, of sufficient ampli- e = g1 - e‘TS/RC)
tude to cut the tube off when the pulse goes - b

negative. Capacitor C charges exponentially

through resistor ? while the tube is cut off

between pulses, hengs

.

In the analysis of the sawtooth generator,

RC
certain assumptions will be made. First, we A = (1 - E‘TS/RC)—T—
shall assume complete discharge of C during the )
pulse. Usually 7, << R and 13} is long enough
to permit the voltage across C to discharge to
Eb?ﬁ/(?p + R). With -{) << R, we have e, X 0. If we expand the exponential termeabout zero .
by means of a iMcLaurin's series we obtain

Now we shall define a linearity factor A,
Consider [igure 3-36 in which we have a linearly

increasing voltage of constant slope de/dt. I LY T 31 Cg m 1 RC
Such a voltage may be obtained by making the A= [l-(l"ﬁ )+ ('ﬁ,) 5 (EZ.) 5t (—a) 24t - ]T_
charging current constant, or 3
[ T s e s S Eg ,

e, } (Ts 1 s2 1 s3 1

——:CONSTANT//‘EbE/RC = 1= ‘TC)—2‘+ (ﬁ) 5" (R’) ozt .

dt a® | E,T,

- - Sbs )\
& P RC
- i

Let us ta%e the first two terms and rearrange

I
i
|
|
P |
|
|
|
i

t—' TS 2 ‘Ts 1
X2 W
Figure 3-36 - Analysis of Saewtooth Vol tage
t
1 If we restrict the value of A to the limits
€, —c_‘ i dt 0.75 to 1, we may write
0
1
= =
¢ B, oy B
. ; S ~ - 2
= b2 ke A
RC
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Substituting, we obtain
2
e, N By -2)A
o~ ZE'b(l—M

The preceding equations are useful for de-
termining the charging time constant and output
voltage for agiven supply voltage and linecarity
requirement. The linearity factor usually
varies from 0.90 to 0.95.

BLOCKING OSCILLATOR SAWTOOTH GENERATOR

The sawtooth generator described above re-
quires a pulse driving signal of fairly good
rectangular wave shape. If the driving pulse
fails, no sawtooth output is obtained. A block-
ing oscillator canbe used as a sawtooth genecra-
tor to provide output voltage even though the
synchronizing source may fail. Figure 3-37 is
a circuit diagram of such a generator

+B

Fﬁ HOLD

HEIGHT

Figure 3-37 - Blocking Oscillator Sewtooth
Generstor

In this circuit, ® and C form the sawtooth
through the charging and discharging action of
the tube. Assume that C is charging through %.
Then the blocking oscillator conducts heavily,
discharging C. When the grid is driven below
cut-off, the tube ceases conduction, and (
charges through ?. The blocking oscillator is
synchronized by a pulse signal whose wave form
need not be rectangular. Frequency is adjusted
to the synchronizing signal by the "hold" con-
trol. Amplitude of the sawtooth is adjusted by
the "height" control.

LINEARI TY

The linearity of the output voltage from the
conventional sawtooth generators described above
varies with the time constants used; and the
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voltage always is an exponential, instead of a
linear, function of time. Special methods may
be applied to improve the linearity of the saw-
tooth. One means by which linearity may be
corrected is shown in Figure 3-33.

T J: X N N
— = = T, -
£

Figure 3-38 - Sawtooth Linearity Circuit

In this circuit ( is charged during the in-
put pulse and discharged through a constant-cur-
rent pentode T,. 3ince the discharge current
is very nearly constant, the voltage on the ca-
pacitor becomes,

|

The plate resistance of the pentode can be in-
creased by using a large cathode resistor Rz,
thus increasing the effective plate resistance
by 1/(1- g,R)

It will be noted that the output is inverted
from the conventional sawtooth generator,

3y tne use of fecdback to the pentode of
Figure 3-33, a perfect sawtooth may be obtained,
In Figure 3-39 a portion of the sawtooth output

1)

L

P__
1

Figure 3-39 - Linearity Feedback Circuit
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is fed back to tne cathode of the constant-cur-
rent pentode. The effective plate resistance
is high as C begins to discharge, and decreases
as the discharge proceceds. Not onlymay a linear
sawtooth be obtained, but a strong overcorrec-
tion may be attained.

These, and other methods of linearity correc-
tion, are described in the December 1946 issue
of "Electronics" in the paper "Linear Sweep Cir-
cuits" by Robert P. Owen.
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MAGNETIC DEFLECTION

Deflection of the electron beam in kinescope
and camera tubes is accomplished by a uniform
magnetic field at right angles to the tube axis.
When it travels through the magnetic field, the
electron is subjected to a transverse force
which causes it to move along an arc of a cir-
cle. On leaving the magnetic field, the elec-
tron continues along a straight line which is
tanzent to the arc at the field boundary, as
shown in Figure 3-40. The electron emerges from

FIELD BOUNDARIES

ELECTRON

FATH }

Figure 3-40 - Electron Path at Frield Boundary

A e
oy

7
—— = —

the field at an angle O with respect to the
original direction of motion., The total angle
of deflection is 20. In present-day kinescope
tubes, the maximum angle of deflection is 50°
and is limited by inside neck diameter and
length of field A,

The magnetic field required for deflecting
the electron beam in a television kinescope or
pick-up tube is produced by passing a sawtooth
current through a pair of series-connected coils
on opposite sides of the tube neck. Formerly,
the coils which make up the yoke were wound on
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a flat rectangular template, and then formed
around a cylinder of a diameter equal to, or
greater than, the tube neck. Present coils are
machine-wound, and the cylindrical forming oc-
curs during the winding process. Figure 3-41
is a rough sketch of a modern yoke winding.

( i

1,

ot e

'|||

O (

Figure 3-4/ - Deflection Yoke Winding

The number of ampere-turns required to pro-
duce a given angle of deflection is calculated
from

2.68 lo sin O J Ea

NI =
A
where NI = ampere-turns of winding
Zo = length of air gap, inches
A = length of magnetic field, inches
8 = 1/2 total deflection angle
E, = accelerating potential, volts.

Note that the above value NI is for half the
total deflection angle. To obtain NI for the
total deflection angle, multiply by 2.

For a standard 4:3 aspect-ratio television

raster, the value of the horizontal-winding
ampere-turns is

(NI)H = 0.8 NI

while for the vertical winding it is

(III)V = 0.6 NI.

VERTICAL DEFLECTION CIRCUIT

Figure 3-42 shows a vertical deflection cir-
cuit in its simplest form. The vertical yoke
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T
= Bt 3
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LINEARITY

= 71
HEIGHT.

Figure 3-42 - Vertical Deflection Circuit

winding is transformer-coupledto a 6SN7 triode,
T2, with both sections parallel-connected. The
driving sawtooth is generated in a conventional
sawtooth generator, Ti.

Practical values for the vertical winding of
the yoke are 1= 43 millihenrys and R = 70 ohms.
At the vertical scanning frequency the load im-
pedance becomes

; = + 718.
y 70 ¥ 718

In the design of the transformer and driving
circuit, the inductive component of the load is
neglected. The problem then becomes one of de-
signing a transformer which will match the yoke

‘ resistance to the driver tube and present suf-
ficient primary inductance for good low-fre-
quency response. A type 63N7 triode provides
sufficient output to deflect a 9-kv beam. The
plate resistanceof the 6SN7, parallel-connected,
is approximately 3500 ohms. For maximum power
output; the load should be 2r,; therefore the
reflected load of the yoke should appear as
7000 ohms on the primary side. The transformer
turns-ratio becomes

UV sz/zs = \ 7000/70 = 10/1.

Good low-frequency response is obtained by mak-
ing the primary inductance large. In the RADIO-
"TRON DESIGNER'S HANDBOOK the ratio of low-fre-
quency gain to mid-band gain is given as

N1+ (r,/0,)2
s/
If the response at 80 cycles is to be 1 db down.
‘ Ar becomes 0.89, from which
L =
7§/T1> = 1.94.

If You Didn't Get This From My Site,
Then It Was Stolen From...
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For the circuit of Figure 3-42 the primary in-
ductance should be 18 henrys. Actually, for
standard vertical-deflection transformers, Lﬁ
varies from 40 to 60 henrys.

Some control of linearity may be obtained by
varying the bias voltage of 7_. Usually, the
sawtooth amplitude and bias are adjusted togeth-
er to place the operating point in the most
linear portion of the tube curves,

The picture is centered by adjusting the cen-
tering potentiometer so that a steady d-c cur-
rent flows in the yoke. Current may be caused
to flow in either direction to move the picture
in either direction,

No external damping of the yoke winding is
required, in the majority of cases, since the
plate resistance of the tube is reflected to the
transformer secondary. If external damping is
required, a resistor of proper value may be
placed across the yoke winding.

AUTOMATIC LINEARITY CONTROL

Picture linearity may be corrected by the
linearity correction devices previously dis-
cussed., Additional tubes and circuit components
are required, however, and if the expense 1is
justified, an automatic control may be used.

Figure 3-43 shows an automatic linearity con-
trol circuit recently developed by the Advanced
Jevelopment Section, Home Instruments Depart-
ment,

6K6 OR 6V6G

Figure 3-43 - Automatic Linearity Control
Circuit

The circuit operates as follows. A pilot
voltage is developed across R, in the yoke cir-
cuit, which is proportional to the current in
the yoke. This voltage contains the distortion
of the current sawtooth and is shown in Figure
3-44(a) .


wigfi
Stolen 2 Line Transparent
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3-32

b‘\/\_/
c./\/\
d N\ /\

Figure 3-44 - Sawtooth Linearity Control
a. Current Sawtooth Containing Distortion
b, Plate 6SH7 Sawtooth Plus Distortion

c. /nout Sawtooth

d., Grid 6467 Distortion Only

The distorted sawtooth is amplified in a
high-gain pentode and fed to the top of Z. A
sawtooth of good linearity is fed into the
driver tube, 6£6or 6V6, and also to R, . In the
resistance network RlR2 the linear sawtooth is

compared to the distorted sawtooth, and the ex-
isting distortion is placed on the grid of the
6AG7. The distortion signal causes the plate
of the 6AG7 to draw a current which cancels the
original distortion.

In this system, picture size may be changed
over wide limits with negligible vertical dis-
tortion. The values of Rl and R_ should be less
than one-half megohm to prevent integration of
the linear sawtooth.

HORIZONTAL DEFLECTION CIRCUITS

Circuit design for magnetic deflection of the
electron beamat horizontal-line frequencies re-
quires a different approach than for vertical
deflection. At 15,750 cycles per second, the
yoke presents a load which is almost entirely
reactive, Unless means are devised to recover
a portion of the power fed into the yoke during
trace time, a relatively high amount of power
must be expended in deflecting the beam. An
ideal cyclic system such as that discussed by
Otto Schade in RCA REVIEW for sSeptember, 1947,
requires wattless power. This system will form
the basis for study of the horizontal-deflec-
tion problem.

Consider the simple circuit of Figure 3-45,
The yoke is represented by L _, C, , R, . Suppose
that switches Sl and 82 are open at the time
t = 0. At the beginning of the deflection
cycle, §; is closed, applying voltage F across
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Ly’ R,, and C,. If it were not for R, , the cur-
rent through L, would increase linearly with
time, as expressed by the relation

ai - 5

at L

’ 4
b — - /2

P AN
1. L«'-[ R
o

Figure 3-45 - Equivalent Horizontal
Deflection Circuit

3ince R_ is present, the current rises expo-
nentialfy until switech §, is opened. At this
point, the beam has been deflectedto the right-
hand side of the picture. The magnetic field
must be reversed quickly in order to return the
beam to the left-hand side of the picture, to
begin another trace.

Since I , C , and R_ form a resonant circuit,
the fastest means for reversing the field is to
permit the windingto oscillate for approximately
one-half cycle at its natural resonant fregquencys

when Sl is opened, the magnetic energy stored
in the field of L 1is converted into potcntial
energy by the flow of +{ into C , and back into
magnetic energy by the flow of -i, resulting in
an almost complete reversal of the field. Losses
in the resonant circuit 1imit the completeness
of reversal to

Figure 3-46 indicates the current and voltage
waveshapes in the yoke for a complete deflec-
tion cycle.

When the current in the yoke has reached the‘
value @é in the negative direction, switch 52 is

closed, which places damping resistor Rl across
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Figure 3-46 - Deflection-cycle Waveshapes

the oscillating circuit., If S2 were not closed,
the yoke would continue to oscillate, as shown
by the dotted lines in Figure 3-46. Closing of
32 causes the oscillatory circuit to be slightly
overdamped, so that -i decays exponentially.
When -{ reaches zero, Sl is closed again to be-

gin another cycle.

Because of the presence of the if drop in the
inductance, the resultant current wave form in
the yoke is exponential instead of being linear
with time, as desired. If the iR drop can be
canceled, the total voltage F may be applied to
L , resulting in a 1linear current in the yoke.
Sﬁppose we insert a generator in series with 7,
whose characteristic is

Ne
Aj

Then a linear rise of current in I may be ob-
tained, Reference to the plate-family of curves
for a vacuum tube reveals that a tube may serve
as such a generator and as an electronic switch
to replace Sl. Also, we may use a vacuum tube
to replace 82 and add -R for the oscillatory
phase. Such a circuit is shown in Figure 3-47.

The operation of the tube maybe plotted from
its family of curves. Refer to Figure 3-43,
The load line -R is so drawn that it intersects
the plate-voltage, or zero-current, axis at the
point £ - L di/dt. A plot of current-versus-
time is obtained from the intersection of the
-R line with the grid-voltage lines. The grid-

voltage waveshape eg is obtained for the tube
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Figure 3-47 - Electronic Switch and
Generator Circuit

by plotting Ecl against time for corresponding
values of current 1.

The diode characteristic is plotted in a
similar manner. The voltage causing diode con-
duction, however, becomes I d4i/dt and is equal

Figure 3-48 - Tube Operating Curves

to the drop across the inductance during trace
time. The load line for the diode must be
drawn for T4 & Rs, where T4 is the diode resis-
Schade states that linearity in the
diode circuit occurs when

tance.

— (A A
(g - (4 R+Ed)]/12

The circuit operation may be improved by re-
placing the diode with a controlled triode. For
simplification, a transformer is added, and the
circuit becomes the one shown in Figure 3-49.

6BG6 .—_L c = =L i
_""‘7_?“1 g“* G L
) t

Figure 3-49 - Imoroved Switching Circuit

Ll
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The combined characteristics of the beam
tetrode and the triode are shown in Figure 3-50.
Note that the characteristics resemble those of
the ordinary push-pull arrangement.

A
/l' 0 o+

Ts

Figure 3-50 - Combined Characteristics of
Beam Tetrode and Triode

In the ideal case, in which there are no
losses, the 6BG6 driver tube supplies half the
deflection current, and the 6AS7 triode damper
supplies the remainder from the stored energy.
Such utilization of current is shown in Figure
3-51. Because of losses in the actual circuit,
the driver tube must supply about 607 of the
total deflection current,

ﬁz Ipz
IDEAL ACTUAL

Figure 3-5/ - Deflection Circurit Operation

The control-grid voltage for the triode
damper is generated by differentiation of the
pulse voltage across the yoke. The values of
RC are determined by the equation

r
Lipa
RC

where A =linearityof voltage rise = 0.3 to 0.8.

Usually R is made variable for adjusting 1lin-
earity.

The combination RlCl has a long time-constant
and is placed in the grid circuit for establish-
ing grid bias for the triodeby the flow of grid
current on the peaks of the grid voltage.
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VIDEO AMPLIFIERS

REQUIREMENTS - The nature of the picture sig-
nal imposes certain requirements upon the video
amplifier, which must be met if fine picture
detail is to be resolved. First, the bandwidth
must satisfy the relation

fundamental frequency for n lines

, - aspect ratio = 4/3
n = number of lines to be resolved
Ha = active trace time, microseconds.

Since horizontal blanking occupies 16% of the
horizontal period, the active trace time, Ha, is
0,84 x 63.5 = 53.3 microseconds. To resolve
400 lines, the bandwidth must be

4 400 x 10° S ,
fo, © Sy s, = megacycles
< 3 53.3 x 2

In practice, the output of the video trans-
mitter is specified by standards to include all
frequencies between 30 cps and 4 megacycles per
second. Hence, thevideo amplifier must amplify,
without discrimination, at least those frequen-
cies between 30 cps and4 megacycles per second.
Usually, the video amplifier is designed with a
bandwidth exceeding these limits.

Also, the video amplifier must have a minimum
time-delay discrimination. This requirement is
fulfilled when the phase angle between input and
output voltages is proportional to frequency.

Finally, there are requirements for the video
amplifier which are setby standardsor practice,
some of which are output-voltage levels, termi-
nal impedances, permissible signal-to-noise
ratio, etc,
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FREQUENCY RESPONSE - Low-frequency response of
an RC-coupled amplifier is determined by the
time-constant of the coupling capacitor and
grid-leak resistor. In practice, good low-fre-
quency response is obtained by making the time-
constant large or by using clamp circuits,

High-frequency response is limited by shunt
capacity across the plate-load resistor. This
shunt capacity includes the tube input and out-
put capacity, wiring capacity, and stray capac-
ity of circuit components. Good high-frequency
response is obtained by utilizing the various
shunt capacities as elements of a low-pass
coupling filter.

Figure 3-52 is a diagramof a constant-K low-
pass filter consisting of one full section and
one half-section terminated in its character-

Ly

% % J'C/z Ro
R

FULL SECTION

|
'
1
'
|
!
!
!
|
|
!

HALF SECTION

Figure 3-52 - Constant-K Low-pass Filter

istic impedance. The terminating half-section
is added for impedance matching purposes. When
the low-pass filter is properly designed and
terminated, the characteristic impedance is con-
stant to almost the cut-off frequency. Connec-
tion of the coupling filter to the amplifier
tubes is shown in Figure 3-53. 1n Figure 3-53

Figure 3-53 - Coupling Filter-connection

C, and Ci are output and input capacities of the
tubes. For this particular type of low-pass

filter, the following equations apply:

fz T cut-off frequency
1
RO =
™ fe
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- 2
L = B O,
e,
- __*
c, = .
Ry = (5 to 10) R,
4 = ngo

The resistor R, is added to lower the (-factor
of the series inductance. A peakin the response
curve will result prior to cut-off if the @-
factor is not optimum.

The characteristics of the constant-K low-
pass filter depend upon the components being
pure inductances and pure capacitances. It has
been shown that distributed coil capacity con-
verts the constant-K type into an M-derived
filter, as shown in Figure 3-54.

Figure 3-54 - Effect of Coil Capacity on
Constant-K Filter

Equations for the M-derived filter are as fol-
lows:

¢ ¢
[1+(——d-)2 S 1

M ¢
Co co
M

Ro =

™ fCC'

= 2

L, Ro Ct
L2 = 0.8 Ll approx.
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=
n

(5 - 10) ®
o]
2 = ngO

Practical video amplifiers use the M-derived
low-pass filter as a means of coupling amplifier
stages.

Diagnosis curves are given in Figures 3-55

and 3-56 to aid in the alignment of video am-
plifiers using low-pass filter coupling,

IDEAL FILTER !

PRACICAL ' Ci
FILTER 4

NO DAMPING RESISTOR
R,

R, TOO LARGE

I N

R, TOO SMALL -

R_ TOO LARGE

! I

Figure 3-55 - Djagnosis Sheet #/
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Figure 3-56 - Diagnosis Sheet #2
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CLAMP CIRCUITS

The clamp circuit is often used as a "D-C
Restorer"; however, it can also be used to re-
store low frequencies in a video amplifier. Its
operation in the latter application will be de-
scribed first.

Consider the video signal for a half-black,
half-white picture applied to the input of a
video amplifier whose frequency response is very
poor below the horizontal-scanning frequency.
Assume that horizontal blanking pulses are also
introduced at the amplifier input, and that they
are of greater amplitude than any other part of
the video signal. A sketch of the picture and
the corresponding video signal with horizontal
blanking is shown in Figure 3-57.

%

Figure 3-57 - HalF-black, HalF-white Picture
and Video Signal

After this signal has passed through the am-
plifier, the low-frequency components will be
missing, and the signal will distribute itself
about an a-c axis as shown in Figure 3-53., Low-
frequency components are, in this case, con-
sidered to be any components of less than the
horizontal scanning frequency. The transitory
periods immediately following the change from
black to white are not shown in Figure 3-53.

S Refaf -

Figure 3-58 - Video Amp!ifier Outout Signal

Note that, if we could bring the peaks of
the horizontal blanking pulses that occur dur-
ing the "black" portion of the picture to the
same level as the peaks of those that occur dur-
ing the "white" portion, the signal would again
be identical to that in Figure 3-60. In other
words, the low-frequency components would then
be restored because the output signal would be
similar in shape to the input signal.

figure 3-59 shows a hypothetical circuit for
bringing all of the blanking pulses to the same
level. The time-constant of R and C must be
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sufficiently small so that C is discharged be-
fore the blanking pulse is over. The switch is
so controlled that it closes at the start of
the blanking pulse and opens before the end of
the pulse. Because of these conditions (grid
of the tube floating during the time the switch
is open, grid-side of C being always brought to
ground potential during the pulse, and switch
opening before the pulse is over), the remain-
ing portion of the pulse always falls at the
same point on the tube’s operating character-
istic. As explained in the preceding paragraph,
this is equivalent to restoring the low-fre-

quency components,
] g -

- ;
-I: +

Figure 3-59 - Simplified Clamp Circurt

A clamp circuit, shown in Figure 3-60, is
electrically equivalent to the arrangement of
Figure 3-539. The diodes replace the switch of
Figure 3-59, and the switch control is supplied
by the diode keying pulses. The circuit "clamps"
on the periodic pulses in the video signal,
which in the given example are horizontal blank-
ing pulses; hence its name.

_H -
J. . L
3 S
Jb Gy U}
Q:
T BT
[T

Figure 3-60 - Clamp Circurt

The keying pulses (which should not be con-
fused withthe clamp pulses) are 180 degrees out
of phase, so that both diodes become conducting
simultaneously. By using this balanced arrange-
ment, the keying pulses cancel out at the grid
of the amplifier tube, and are therefore not
added to the desired signal. It is essential
that the keying pulses end before the clamp
pulses, as explained above. Horizontal syn-
chronizing signal makes ideal keying pulses.
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The amplitude of the keying pulses must also be
greater than the clamp pulses, so that the
diodes can be made conducting during keying
time. Practice has shown that the keying pulses
should be one-and-a-half to two times as large
as the clamp pulses.

It is important to note that pulses other
than horizontal blanking can be used to clamp
on. The only requirements are that they be
greater in amplitude than any other part of the
video signal, that their peaks represent con-
stant amplitude in the input signal, and that
their frequency be sufficiently high for the
amplifier to pass them without frequency or
phase distortion. Of course, they must not
interfere with the desired signal. Hence, for
television work, they must occur at horizontal
scanning frequency, and during horizontal blank-
ing time. Their polarity, with respect to the
video signal, is unimportant.

The coupling capacitor C and the resistance
between grid and ground during keying time must
have a sufficiently small time-constant for C
to discharge during keying time. For 15-kec
clamp pulses, the value of C can be between 100
and 500 ppf. The coupling capacitors, C,, and
02, are also somewhat critical because the
diodes are self-biased by them and their asso-
ciated "leak" resistors. The bias developed is
proportional to the amplitude of the keying
pulses, in a manner similar to that of a con-
ventional diode detector. Values for Cl and 02
are best determined by experiment., Values
which have been used in the past lie between
0.003 pof and 0.1 pf for the leak resistances
shown,

In some cases it may be desirable to return
the grid of the amplifier tube to a fixed-bias
source instead of to ground. The bias source
is then introduced in series with the ground
lead shown in Figure 3-60.

The source of the keying pulses is of impor-
tance. A center-tapped transformer is desirable
because it provides balanced pulses easily, and
the source-impedance is low. A tube with load
resistors in both plate and cathode circuits
(cathode-follower type of phase inverter) can
be used to provide keying pulses. This tube
should preferably operate with a negative-
polarity pulse on its grid, so that the tube is
cut off during keying time. Otherwise, the
source-impedance will be different for the posi-
tive and negative output pulses, due to cathode-
follower action. An unbalance in the source-
impedance may adversely affect the operation of
the clamp circuit.

The clamp circuit can be modified to advan-
tage when only single-polarity keying pulses
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Figure 3-6/ - Clamp Circuit for Single-
polarity Keying Pulses

are available. This is shown in Figure 3-61.
In this circuit, a single keying pulse makes
both diodes conducting because they are in
series, as far as the keying pulse is concerned.
The disadvantage of this circuit is that a small
amount of the keying pulse is super-imposed on
the video signal because of the unbalance. When
horizontal sync pulses are usedas keying pulses,
this circuit will add a small amount of sync to
the video signal; this will some times be an ad-
vantage rather than a disadvantage. If verti-
cal sync is unavoidably present along with the
horizontal, the coupling capacitors Cl and 02
should be increased to 0.5 nf.

Another version of the clamp circuit is
shown in Figure 3-62. Only single-polarity key-
ing pulses are required. The source-impedance
of the keying pulses can be high, but the cir-
cuit provides a low-impedance path between grid
and ground during keying time,

(a:g 0

Bl J —
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— 00000 -
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Figure 3-62 - Clamp Circuit for Single-
polarity Keying Pulses

THE CLAMP CIRCUIT AS A D-C RESTORER

Since, as was just shown, the clamp circuit
effectively restores low frequencies, the same
reasoning can be extended to say that the clamp
circuit will also restore the d-c component of
the video signal. Without d-c restoration, the
a-c axis of any signal will pass through the
operating point of the tube characteristic to

If You Didn't Get This From My Site,
Then It Was Stolen From...
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which that signal is applied. However, when the
clamp circuit is used on the grid of an ampli-
fier tube (or kinescope), the clamp pulses in
the signal are always referred to the same point
on the characteristic, regardless of signal am-
plitude or wave form. In other words, the a-c
axis is shifted as the signal amplitude and wave
form vary, anda shift in the a-c axis of a wave
is equivalent to adding a d-c component, The
clamp circuit has the advantage over the simple,
single-diode type of d-c¢ restorer in that it re-
sponds very quickly to signal changes, whether
they be increasing or decreasing; whereas the
simpler type has appreciable time lag when the
signal suddenly decreases.

PICK-UP TUBES

TYPES - Two types of pick-up tubes are in gen-
eral use today, namely, the iconoscope and the
image orthicon. The iconoscope dates back to
about 1923, when it was developed by Dr. V. &
Zworykin. It is still being used for motion-
picture pick-up. The image orthicon has re-
placed the iconoscope for live-talent pick-up.
Image-orthicon development was hastened by war-
time requirements, and progress on the stabili-
zation and improvement of this tube has been
rapid.

I CONOSCOPE - The iconoscope pick-up tube may be
used where the scene is illuminated by incident
light of approximately 1500 foot-candles. Under
ideal lighting conditions, the pictures obtained
have excellent resolution and low noise-level,
The intensity of illumination, however, limits
the use of the iconoscope for outdoor events,
When incandescent lighting is used in studios,
the problem of removing the heat arises. At
present, the iconoscope is used in film cameras
only where the motion-picture projector provides
ample illumination on the iconoscope mosaic.

The iconoscope contains a photo-sensitive
mosaic, a collector ring, and an electron gun,
A sketch of the tube is shown in Figure 3-63.
The electron gun is set at an angle with the
mosaic in order to clear the front of the tube,
so that an optical image may be focused on the
mosaic.

A uniform mica plate, 0.001 inch thick, is
the basic structure upon which the mosaic is
constructed. A fine coating of silver oxide is
sifted upon the mica. Then, the structure is
baked in an oven. The heat produces pure silver
from the silver oxide. The pure silver congeals
into thousands of small droplets. Then the mica
plate is placed in the presence of cesium vapor
and oxygen, and a glow discharge is passed
through the tube. Silver oxide, cesium oxide,
and pure cesium are formed. By this process,
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small photo-sensitive islands are formed on the
mica. The mosaic is completed by coating the
back side of the mica with colloidal graphite
to form the signal plate which is capacity-
coupled to the photo-sensitive surface. Better
color response is obtained by the process of
silver sensitizing, in which a small particle
of pure silveris heated in a filament while the
tube is on the pumps. Silver vapor settles on
the photo-sensitive islands and gives the mosaic
better response toward the blue end of the vis-
ible spectrums.

GRAPHITE wica
SIGNAL
PULATE |  PHOTO-SENSITIVE ISLANDS

‘)YCOLLECTOR RING
O OBJECT

LENS
VIDEO
SIGNAL
SCANNING

= BEAM

Figure 3-63 - /conoscope Pick-up Tube

The iconoscope is a storage-type device in
which the varying illumination of an optical
image on the mosaic causes emission from the
photo-sensitive islands. The charge on each
picture element represented by the photo-sensi-
tive element remains constant until released by
the scanning beam. The operation of the icono-
scope is best understood by considering first
the action resulting from scanning the mosaic
in darkness, i.e., with no optical image or
light on the mosaic.

With the collector ring grounded and the
cathode potential fixed at -1000 volts, the beam
acquires a kinetic energy of 1000 electron volts
by the time it reaches the mosaic. On striking
the mosaic, the beam causes secondary emission
of electrons from the photosensitive islands;,
i.e., eachbeam electron knocks several secondary
electrons off the photosensitive island. The
ratio of secondaries to beam electrons is 6:1
under dark conditions. The secondary electrons,
for the most part, rain back on the mosaic.
Enough secondaries travel to the collector ring
for the collector-ring current to be equal to
the beam current (since the mosaic is completely
insulated, the current leaving it must equal the
current arriving in the scanning beam)

Figuratively speaking, the scanning beam
plows along the mosaic, causing an eruption of
secondary electrons from the photo-sensitive
surface. The element under the scanning beam
charges up to about 2 volts, due to loss of
electrons. This value represents the maximum

www.SteamPoweredRadio.Com

charge which the element can attain by secondary
emission and is known as the white level. As
the scanning beam moves across the mosaic, part
of the electron shower can fall back on the
scanned area and reduce the positive charge on
picture elements just scanned. At the right-
hand edge of the mosaic, however, the scanning
beam is turned off for retrace, and no more
secondaries are generated to discharge the last
part of the trace. Similarly, the beam is cut
off at the bottom of the mosaic for vertical
retrace; therefore, the last few scanning lines
do not receive a proportionate share of the
electron rain and remain partially charged.
Remember that this action is occurring in com-
plete darkmess.

As the electron beam starts scanning the
second frame, it encounters elements of the
mosaic on the right-hand side and on the bottom
that are partially charged, due to the loss of
electrons, These elements appear as though they
had been exposed to white light. When the beam
scans them, fewer secondariesare emitted, and a
signal voltage is impressed on the signal plate.
This voltage has the waveshape shown in Figure
3-64 vertical and horizontal scans. Itis an un-
wanted signal, that is due to uneven redistribu-
tion of secondary electrons, and it is called a
shading signal. For eliminating shading signals,
equal-amplitude opposite-phase signals are fed

Figure 3-64 - Shading Signal Waveshape

into an amplifier stage following the pick-up
tube., The unwanted signal may, fortunately, be
effected by a combination of parabolic and saw-
tooth signals which can be generated quite
easily.

Now we may consider the action of the scan-
ning beam when the mosaic is illuminated by a
scene, Bright areas in the scene cause the is-
lands to emit electrons. These electrons travel
to the collector ringor redistribute themselves
over the mosaic. Suppose a gray tone causes a
photo-sensitive island to charge up to +1.5
volts., Then, when the scanning beam comes
along, this particular element can only be
charged by a differential of 0.5 volt to the
white level. On the other hand, a black area
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3-40

leaves the element discharged until it is scan-
ned, at which time the element can charge to the
full 2-volt white level. The video signal cur-
rent in the load resistor is shown in Fig-
ure 3-65.

{ | BLACK
SIGNAL

Figure 3-65 - Video Signal for
/lluminated Scene

In Figure 3-63 the electron gun for the
iconoscope is shownat an angle with the mosaic,
This geometrical arrangement produces an effect
known as keystoning. For a given angle of de-
flection of the scanning beam, more of the
mosaic top is scanned than the bottom. If no
correction were applied to the horizontal scan-
ning generator, the resul tant pattern on a moni-
tor would appear as shown in Figure 3-66.

Figure 3-66 - Keystone Pattern

To correct for keystoning, the horizontal
scanning generator is modulated by a 60-cycle
sawtooth that increases the horizontal scanning
current peak-to-peakvalue linearlyat a 60-cycle
rate, so that the angle of deflection becomes
larger as the beam is deflected vertically.

IMAGE ORTHICON PICK-UP TUBE - The image orthi-
con is at least 100 times more sensitive than
the iconoscope. Also, it is free from the an-
noying shading and edge-flare effects of the
iconoscope. It will deliver a satisfactory pic-
ture, without readjustment, when the scene
brightness changes by a factor of 100 to 1. A
satisfactory picture may be obtained when the
incident 1ight on the scene is only 10 foot-
candles. The sensitivity of the image orthicon
makes it an ideal tube for pick-up of outdoor
events,
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Figure 3-67 - Image Orthicon Pick-up Tube

A sketch of the image orthicon tube con-
struction is shown in Figure 3-67. The tube
contains an electron gun with a grid for con-
trolling the current in the scanning beam. The
#3 grid, sometimes called the "persuader",
causes electrons from the first dynode to go to
the second dynode. The #4 grid, which is the
coating on the tube wall, together with the
magnetic focusing field, focuses the electron
beam on the target. The decelerating ring,
grid #5, produces an electric field which im-
proves corner focus,

The target is a special glass membrane
stretched in a metal ring. The thickness of the
glass is approximately 0.000i inch. On the
image side of the target, and at a distance of
0.001 inch, is a mesh screen having 250,000
holes per square inch.

grid #6 is a ring placed between the target
and photocathode. It aids the focusing of elec-
trons from the photocathode on the target.

The photocathode is a transparent layer of
cesium in type 2P23 tubes, antimony in type
5769 tubes, and bismuth in type C73150 tubes.
The cesium tubes have high infra-red response,
while the antimony and bismuth tubes have a more
uniform color response in the blue regions.

IMAGE ORTHICON OPERATION- When an optical image
is focused on the photocathode, electrons are
emitted in proportion to the light and dark
areas of the scene. Since the photocathode is
at a potential of about -300 volts with respect
to the ground and the target screen, the elec-
trons are accelerated toward the target. The
action of the focusing coil and the #6 grid
focuses the electrons on the target. Thus the
optical image is converted into an electron
image which bombards the target.

Bombardment of the target causes an emission
of the electrons from the glass. Secondary
electrons released by the target are collected
by the screen. Secondary emission leaves a
positive charge pattern on the front of the
target, corresponding to the electron image.
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Because of the thinness of the glass target,
it does not matter, for the electron beam, on
which side of the glass the positive charge
lies, Upon its arrival near the target rear
surface, the beam deposits enough electrons to
neutralize the charge. The remainder of the
beam turns around and heads toward the rear of
the tube. During frame time, the deposited
electrons flow through the glass and unite with
the positive charge.

The returning electron beam is equal to the
electrons emitted by the cathode (nearly a con-
stant number) minus those electrons deposited
on the target. The returning beam, therefore,
is the original beam modulated by the video
signal.

An electron multiplier is located at the rear
of the tube. The construction of this multi-
plier is shown in Figure 3-68.

It is such as to offer an almost opaque sur-
face to the electrons entering from the front.
Electrons leaving each dynode, however, find
negligible resistance to their travel.

The return beam containing the video informa-
tion strikes the first dynode, causing secondary
emission. The secondary electrons are persuaded
to the second dynode by the action of the "per-
suader, " or multiplier focus electrode. As the
beam travels from dynode to dynode, the original
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Figure 3-68 - Electron Multiplier for
Image Orthicon

return beam is multiplied by secondary emission.
The final signal is removed from the signal
plate. The overall gain in the electron mmlti-
plier can be as high as 2000.

In tube manufacture, the electron gun may be-
come tilted with respect to the tube axis.
Electrons emitted from such a gun would enter
the focus field with a transverse component of
velocity. A force would be developed, which
would cause the beamto travel in a radius about
the tube axis. The net effect is a spiraling
of the beam down the tube. To correct for mis-
alignment of the electron gun, an alignment coil
is placed just in frontof the gun. It produces
a transverse field which cancels the deflection
of the beam due to gun tilt,
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RCA Television Field Pick-up Equipment

[IMAGE ORTHICON CAMERA]
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The RCA Television Field Pickup Equipment is designed for
portable or field use in picking up television programs such
as sporting events, parades, outdoor or indoor shows, and
other special events in places where permanent television in-
stallations are not available. The design of the equipment is
centered around the RCA Image Orthicon camera tube which
is so sensitive that it may be used with incident illumination
on the scene as low as approximately one foot candle, and
which is entirely free of any blocking or “charging-up” effect
from flashes of excess light which paralyze other types of
pick-up tubes.

The Field Equipment includes such important features as a
four-position lens turret on each camera, an electronic view
finder in each camera, a complete telephone intercommunica-
tion system, accessibility of tubes, components, and circuits
for easy servicing, and many other features.

To facilitate portability, the equipment has been divided into
relatively small units with emphasis placed on keeping the
number of major pieces to a minimum, and at the same time
maintaining high standards of reliability and flexibility in
operation. Wherever possible the major units have the shape
and approximate size of a medium sized suitcase. The camera
and view finder, master monitor, and power distribution box
are the only exceptions. Each unit is provided with one or
more carrying handles, and covers and shock mounts to pro-
tect fragile parts during transportation. All interconnections
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are made with cables and plugs which may be connected or
disconnected in a few minutes.

A general practice of making all electrical connections through
receptacles mounted on the rear panels of the suitcase units
has been followed. An exception exists in the case of inter-
communication head-sets which are plugged into jacks on the
front of the Field Switching System. Whenever possible, mul-
tiple conductor cables are used so that the number of cable
connections is kept to a minimum consistent with flexibility
of the equipment. With few exceptions, the connectors used
have singleturn locking rings which prevent accidental dis-
connecting of the cables.

Careful consideration has been given to conservative design
in the selection of high quality components and in allowing
ample reserve in ratings. Also attention has been given to pro-
viding rugged construction and secure mountings so that the
equipment will stand the wear and tear of daily use over long
periods of time.

The Field Equipment is so designed that it may be set up for
temporary operation on a table or desk. A special I'ield Con-
trol Desk (MI-26960) is available if it is desired to make a
semi-permanent installation of this equipment for studio use.
In such a case, the desk and control units comprise a simple
operating console. The equipment may also be used in con-
junction with a mobile television unit in which the suitcases
may be installed to form a mobile television studio.
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The units included with the standard Two-Camera Chain, Field

Pick-Up Equipment are as follows:
2—Type TK-30A Field Camera Equipments
1—Type TG-10A Field Synchronizing Generator
1—Type TS 30A Field Switching Equipment

(All equipments are supplied with tubes)

The Type TK-30A Field Camera Equipment includes:

1—High Sensitivity Image Orthicon Camera with newsreel-type
tripod, plug-in electronic view finder employing a 5”
Kinescope and three turret-mounted lenses (50 mm and
90 mm and 135 mm focal lengths).

1-—Field Camera Control Unit. This unit provides the required
control and operating voltages for the Field Camera and
provides picture (on a 7” Kinescope) and wave form (on
a 3” Cathode Ray Oscilloscope tube) monitoring of the
camera signal.

1—Field type Power Supply. This unit contains the heater and
plate supply transformer, rectifiers and plate-voltage regu-
lating circuits.

1—Set of Camera-Camera Control Unit Cables; one 50’ length,
one 100’ length and one 200’ length.

The Type TG-10A Field Synchronizing Generator includes:

1—Field Pulse Former
1—Field Pulse Shaper

1—Power Distribution Box. This unit provides for power sup-
ply connections to a-c power systems of three types: 3 phase
—4 wire; Single phase—3 wire; Single phase—2 wire.
9 Twist Lok power outlets and 4 convenience outlets are
provided.

The Type TS-30A Field Switching Equipment includes:
1—Switching System. This unit provides all the video program,

monitor and intercommunication switching required for
field pick-up equipment using up to four cameras, plus two
auxiliary video program lines. Camera, view finder, camera
control and switching equipment tally lights indicate to per-
formers, cameraman, control operators and program di-
rector which camera is supplying program.

The Field Type Master Monitor (listed below) can be
switched to:

a. The outgoing video signal.
b. Relay equipment monitoring signal.
¢. Either of the two auxiliary video program lines.

d. A separate Monitor input.

The audio intercommunication facilities provide a flexible
set-up so that the program director can talk to any or all
of the operating personnel and the home station, or various
special and separate intercommunication circuits may be set
up. All operating personnel normally hear program sound
on one headphone, and intercommunication sound on the
other.

1—Field Type Power Supply. This furnishes power to the

switching system and Master Monitor.

OPTIONAL
1—Field Type Master Monitor. This unit provides for picture

(on a 10” Kinescope) and wave form (on a 5”7 CRO Tube)
monitoring of the Signal selected by the field switching
system.

RCA TELEVISION FIELD PICKUP EQUIPMENT

Max. Number of Cameras, Four

TK-30A FIELD CAMERA EQUIP. #1

TG-10A FIELD SYNC. GEN. EQUIP.

MI—26905 M1—26920
Image
Orthicon Camera  pefipe ~ Pulse Power
Camera Control Former Dist. Box
MI—26010 MI—26065 (et MI—26105 MI—26260
Power Pulse
Supply s Shap
MI1—26095 * MI—26115
TK-30A FIELD CAMERA EQUIP. #2 TS-30A FIELD SWITCHING EQUIP.
MI—26905 MI—26950
Image \ To micro-wave relay
Orthicon Camera | o | Switching P> equipment or
Camera Control o ] System [e— transmission line
MI—26010 MI—26065 [~ ("~ = Mi—26215
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Power Power
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e e e o — A
1
|  TK-30A FIELD CAMERA EQUIP, 3 [97 Yy
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Field Television Camera Type TK-30A

Features

e Highly sensitive at extremely low light levels.
Able to handle enormous light ranges.

No loss of picture after intense flashes of light.
Simplified interconnections providing quick assembly on
location.

Elecironic view finder.

Rugged mechanical construction.

A four position lens turret controlled from rear.
Provision for two intercom telephone sets.
Suitable for studio use.

Easy access to all parts.

Uses

The TK-30 television camera is intended to be used in field
television pick-ups of all kinds. It is especially suitable for
use where the lighting conditions are poor, as is frequently the
case at sporting events, in night clubs, and at other remote
pick-up points. While designed especially for field use, it is
also satisfactory for most types of studio programs; and for
many applications the TK-30A has special advantages.

Description

The TK-30A is a portable, field television camera equipment
consisting of camera, tripod, camera cntrol, field power sup-
ply, and miscellaneous accessory ilems; such as: cables, etc.
The camera mukes use of the RCA-developed Image Orthicon.
The remarkable sensitivity of the Image Orthicon is so great
that operation is possible with light levels as low as one fool-
candle with an f 3.5 lens. This is a considerable improvement
over other types of picture tubes, and makes possible field
television pick-ups without elaborate, special lighting installa-
tions, and under conditions which hitherto would have been
impossible. In addition, the Image Orthicon is able to adapt
itself automatically to enormous changes in scene brilliance
without serious loss of contrast anywhere in the range. This
characteristic makes it possible to shift instantly from a dark
scene in heavy shadows to another in bright sunlight with only
very slight readjustment. The Image Orthicon is able to with-
stand extreme peaks of intense illumination, such as photo
flash lamps aimed directly at the lens, without any after effects
requiring the resetting of controls.

The Field Camera Control is contained in a small easily-car-
ried case. On the front, there are located two cathode ray tubes
which serve as indicators of the picture quality. A seven inch
kinescope is used as a picture monitor, and a three inch
oscilloscope is used as a wave form monitor.

The picture signal amplifier performs the following several
important functions:

1. It provides a gain control for the picture signal.

2. It mixes the Picture Blanking signal with the signal from
the Camera-

3. It establishes black level at the beginning of each scanning
line by means of a “clamp” circuit.

4. It provides for the addition of the Synchronizing signal
whenever only a single camera chain is used.

5. Its output stage is a line amplifier capable of delivering
two volts peak to peak composite picture and synchronizing
signal to a 75 ohm coaxial transmission line (or 1.5 volts
of picture only).

6. It includes a stage for introducing a fixed amount of gamma
correction.

7. It includes high level driver stages for feeding the two
monitor tubes.

The Field Power Supply is a portable unit designed to pro-
vide all the d-¢ required by the circuits in the Field Camera,
Field View Finder, and Field Camera Control in one camera
chain. It may, of course, be used for any other application
where its voltage and current ratings meet the requirements.
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The output voltage of this power supply is electronically regu-
lated within very close limits. It is capable of delivering 1
ampere at a maximum of 285 volts. The internal impedance
of the power supply is less than 0.25 ohm. This low impedance
makes it an excellent power supply for amplifiers having
variable current requirements and critical low frequency re-
sponse such as television amplifiers.

A separate electronic regulator circuit is provided to hold a
constant current flow regardless of resistance changes, through
the focusing field coil in the Field Camera.

On the rear panel are two receptacles for a-c input and power
output respectively. In addition there is included a single
convenience outlet with fuse.

The complete camera may be disassembled into several parts
for easy carrying. The camera is built into an exceedingly
compact case which mounts on top of the tripod. All con-
trols are conveniently located on the back. The camera as-
sembly includes a picture signal preamplifier and the deflec-
tion and camera blanking circuits. A feature of this camera
is the provision of a lens turret in which four lenses of dif-
ferent focal lengths may be mounted. On the rear of the case
is located a large handle which rotates the lens turret. A
trigger switch incorporated in the handle cuts off the picture
during the interval while the handle is turning. Changing from
one lens to another requires only one and a half seconds. This
compares to two or three minutes with prior types of cameras.
Because the plate of the Image Orthicon is much smaller than
that of previously designed pickup tubes, the focal lengths of
the lenses required are only about half as great. This makes it
possible to use relatively inexpensive standard lenses for all
types of pick-up.
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Field Camera Control and Field Power Supply

The operator focuses the picture by observing the image in
the electronic view finder, constituting the upper section of
the camera assembly, and adjusting a knob on the right side
of the cabinet. This knob slides the Orthicon back and forth
inside the case. This saves having to adjust the lenses them-
selves for focusing. The use of the electronic view finder with
this camera is a necessity; since at low light levels an optical
view finder would not be satisfactory. It also has the advan-
tage of eliminating the need for additional lenses which would
be required for an optical system. The view finder employs a
five inch kinescope with sufficient brilliance to produce a satis-
factory picture under normal outdoor light conditions. Since
the operator sees on the face of this kinescope the picture
which is being transmitted, he is able to focus the picture,
and also to monitor the quality and general operation. Two
different viewing hoods are provided: one straight-on type,
and the other a periscope type, which may be mounted in
either of two positions. This gives the operator a choice of
three different viewing heights. For ease in transporting and
maintenance, the view finder and camera are separate units,
each of which is an integral unit in itself. A streamlined
cover with a carrying handle is placed on the camera unit
when the view finder is removed. It is also possible to operate
the camera without the view finder: as for instance where the
camera is set up in a fixed position and operates unattended.

Specifications
FIELD CAMERA, CONTROL & POWER SUPPLY
Number of Scanning Lines 525

TK-304 Electronic View Finder and Camera disassembled
for easy carrying

witti SteamPoweredRadio.Com

Interlacing 2tol
Field Repetition Rate 60 per sec.
Frame Repetition Rate 30 per sec.
Line Repetition Rate 15750 per sec.

Picture Signal Level 2.0 volts, peak-to-peak, max. of which
75% is picture and blank, and 25% is sinc. (See RMA
Standards) .

Picture Signal Polarity at Output

_Black negative

Type of Transmission Line for Picture Signal___ Coaxial
lmpedance of Transmission Line 75 ohms
Maximum Length of Camera Cable 1000 ft.
Total Included Angle of Lenses (in horizontal plane):
a. 50 mm f1.9 Ektar 34°
b. 90 mm 3.5 Ektar 20°
¢. 135 mm 3.8 Ektar 132

“d. 8.5 in., 3.9 Ilex 8o

**e. 13 in., £3.5 Ilex 5:3°
kg 15 Am 4.5°
*e%e. 17 1 4°
*%h, 25 in. _ 2.75°

Incident lllumination on Scene:
(a) Minimum (approx.) 0.5 ft. candle
(b) Required for First Grade Results__10 to 20 ft. candles
(¢) Maximum Bright sunlight
Note: Figure for (a) above is based on the use of an
3.5 lens or faster.
Primary Volts
Primary Voltage Taps:

98-129 volts, a-c, 50-60 cycles

Nominal Range
Tap No. 1 125 v. 121-129 v.
Tap No. 2 117 v. 113-121 v.
Tap No. 3 109 v. 105-113 v.
Tap No. 4 102 v. 98-106 v.

A-¢c Power Input for All Units Approx. 1200 watts

Power Output of Supply:
Regulated d-c Supply 270-285 volis 1 amp.
Constant Current Supply intended to operate into 2000 ohm

load (focusing coil) 50-80 ma.
Dimensions (in inches) :
FIELD CAMERA
CASE ONLY OVERALL
Length  Width Height Length  Width Height
201 1034 115 26 1134 1354**
VIEW FINDER
CASE ONLY OVERALL
Length  Width Height Length  Width Height
213 1034 7 21344 1134 1354**
FIELD CAMERA CONTROL
CASE ONLY OVERALL
Length  Width Height Length  Width Height
2415 814 1514 271, 81, 1814
FIELD POWER SUPPLY
CASE ONLY OVERALL
Length  Width Height Length  Width Height
241 815 1514 241, 81, 181,
Camera Cable Dimensions:
Diameter 0.840 in.
Standard Lengths 50 ft., 100 ftr., 200 ft.
Weights:
Field Camera (less Lenses) 65 lbs.
View Finder (less Hood) 34 lbs.
Field Camera Control 65 lbs.
Field Power Supply 58 lbs.
Turret with 3 Ektar Lenses 43/ lbs.
Camera Cable (200 ft. with plugs) 80 1Ibs.

Finish_____ Two tone umber gray wrinkle with chrome trim
Stock Identification:

Field Camera MI-26010
View Finder MI-26015
FField Camera Tripod MI-26045
Field Camera Control MI-26065
Field Power Supply. MI-26095

% Less viewing hood.
* Less lenses.
** Including cover.
*#** Not standard equipment. Available as accessory items.

PRINTE,
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Field Synchronizing Generator Type TG-10A
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Features
e Delivers standard RMA synchronizing and blanking.

e Also delivers separate horizontal and vertical driving signals.
e Complete in two suitcases, Pulse Former and Pulse Shaper.

e Frequency stabilization either by 60 cycle power line or by
quartz crystal.

e Built-in cathode ray tube indicator for counter circuits.
e Built-in regulated power supply.

e Single cable connection between the two suitcases.

e All output signals, except synchronizing, on single cable.

e Synchronizing on separate cable to provide for single or
multiple camera operation.

e Operation over wide range of line voltage.
e Built-in line voltage meter and tap switch.

e Convenience outlet with fuse.

Uses

The field synchronizing generator is the heart of the field
television pickup equipment. Its function is to provide all the
timing information, in the form of electrical pulse signals, re-
quired for controlling and synchronizing the scanning processes
in both the field pickup equipment and the home receivers.

Description

In order to keep the weight and size of the TG-10A within
reasonable limits, the equipment has been divided into two
parts, each contained in a separate case, and called the Field
Pulse Former and the Field Pulse Shaper. Also included with
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the TG-10A is a Power Distribution Box which is intended
to be used for connecting the 117 volt power source to the
various units of the RCA Field Television Equipment.

The equipment generates four separate signals which are used
in various ways to produce the RMA standard television signal.
These four signals are those required for a 525 line interlaced
sysiem as recommended by the RMA. The signals are usually
designated as follows:

1. Synchronizing

2. Picture blanking

3. Vertical driving (at field frequency, 60 cycles)

4. Horizontal driving (at line frequency, 15,750 cycles)
The first two of these signals, Synchronizing and Picture
Blanking, are used directly in composing the final picture
signal fed to the output of the system. In other words, they
appear as parts of the composite picture signal. The last two
signals, Horizontal and Vertical Driving, are used in the pickup
equipment only. Their principal function is to trigger deflection
generators in cameras and monitors. They are also used for
keying signals in “clamp” circuits and for blanking signals
in the camera.

FIELD PULSE FORMER

The Field Pulse Former contains the timing circuits required
in the system. Specifically, they include the master oscillator
which operates at twice line frequency (31,500 cycles), a
series of counters for stepping this master frequency down to
line frequency (15,750 cycles) and to field frequency (60
cycles), and an automatic frequency control circuit for lock-
ing the synchronizing generator to the power supply frequency.
A erystal oscillator operating at 94.5 ke. is provided as an
alternative means of stabilizing the generator where the power
supply system is not stable enough to serve as a reference.

Controls for the counter circuits, AFC circuit, and crystal
oscillator are made accessible by removing the side cover on
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Power Distribution Box

the tube side of the unit. A cathode ray tube indicator
(RCA 2BP1) for the counter circuits is mounted within the
case and is visible when the cover is removed to make adjust-
ments of the controls.

A single cable containing 4 coaxial lines and several other
conductors carries signals and power between the Field Pulse
Former and the Field Pulse Shaper. The a-c power enters the
Pulse Former through a special connector. A convenience out-
let, separately fused for 10 amperes, is provided on the rear
panel. No other connections to this unit are required.

The Field Pulse Former also includes a regulated power
supply which provides all the plate current required by both
the Former and the Shaper. The Transformer primary is tapped
at several points to accommodate a wide range of line voltage
(98 to 129 volts). A selector switch for these taps is mounted
on the front panel directly under a line voltmeter which indi-
cates when the proper tap has been selected.

FIELD PULSE SHAPER

The Field Pulse Shaper contains all circuits necessary for
shaping, mixing, and pulse width control to produce the four
output signals. Pulse widths are adjustable by means of screw-
driver-type controls which may be locked in position.

The outputs are fed to 75 ohm coaxial lines from the plate
circuits of the final amplifier tubes (RCA 6AG7). These out-
puts are coupled through blocking capacitors to prevent d-c
from flowing in the transmission lines. The normal signal level
on these lines is 4 volts, peak to peak. All four signals are
negative in polarity.

Two separate cables carry the signals to other units in the
system. One multiple cable, consisting of several coaxials, car-
ries the Picture Blanking and the Horizontal and Vertical
Driving signals to the Field Camera Controls. The second cable
is a single coaxial line which carries the Synchronizing signal.

Two filament transformers are mounted in this unit to supply
the tube heaters. Plate current for the tubes is provided by the
regulated power supply in the Field Pulse Former.

POWER DISTRIBUTION BOX

This distribution box has nine 2-prong twistlock receptacles
which fit the power cables supplied with the equipment. This
number of outlets is more than sufficient for a four camera
setup, and thus allows extra outlets for operation of asso-
ciated audio equipment. Two standard convenience outlets are
also provided for soldering irons, trouble lights, etc.

The powerfeed line to the box is a four-conductor water
proof cable (each conductor #10 gauge, stranded) connected
through 4-prong twistlock connectors. A total of 200 feet of
this cable is supplied with each equipment.

214905-B .
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Provision is made for connecting this box to any one of three
types of power distribution lines which are normally encoun-
tered in the United States. These are:

1. Single phase, 2 wire (117 volts).
2. Single phase, 3 wire (117 volts from each outer line to
neutral) .

3. Three phase, 4 wire (117 volts from each outer line to
neutral ) .

A link board under a trap door at one end of the box pro-
vides easy means for rearranging the circuits to fit any of
these three systems. Outlets are color-coded to indicate phas-
ing on the three phase system, and correspondingly colored
pilot lamps indicate which phases are “hot” in case a main
fuse burns out.

Provision is thus made to utilize all elements of any avail-
able power distribution system so as to minimize voltage drop.
Specifications

Field Repetition Rate

60 per sec.

Frame Repetition Rate 30 per sec.

Line Repetition Rate.

15,750 per sec.
Synchronizing Generator Master Oscillator Frequency

31,500 eycles /sec.
Synchronizing Generator Counter Ratios:

First 721
Second 5:1
Third 5:1
Fourth 3:1

Frequency Stability of Horizontal Sync.

(when stabilized by power supply) __ =+0.15% /sec. max.
Frequency of Quartz Crystal 94,500 cycles /sec. =50 cycles
Synchronizing Generator Output Signals:

(a) Signal Level (all signals)

. 4.0 (—0.5, +1.0 volts, peak-to-peak)

(b) Signal Polarity (all signals) Negative

(¢) Waveform-Sync Defined by “Recomended Sync.
Generator Waveforms”, a drawing submimtted Janu-
ary 22, 1946 (Revised October 9, 1946) by the RMA
Sub-committee on Studio Facilities.

(d) Waveform-Picture Blanking____ Defined by “Recom-
mended Sync. Generator Waveforms”, a drawing sub-
mitted January 22, 1946 (Revised October 9, 1946) by
the RMA Sub-committee on Studio Facilities.

(e) Waveform-Horizontal Driving Rectangular pulse,

15,750 /sec. Width 6.3 microsec. (approx.)

(f) Waveform-Vertical Driving__ Rectangular pulse,

60 /sec. Width 4% or .00067 sec.

A-c Power Input, Sync Gen 325 watts
Dimensions (in inches) :
CASE ONLY OVERALL
Length Width Height Length Width Height
FIELD PULSE FORMER
2414 8l 1514 253/ 8V, 181,
FIELD PULSE SHAPER
24, 81 1514 2534 8% 181,
POWER DISTRIBUTION BOX
1114 8% 33 1134 8% 5
Weights:
I'ield Pulse Former 67V lbs.
Field Pulse Shaper 52 lbs.
Power Distribution Box 10 lbs.

Finish____ Two tone umber gray wrinkle with chrome trim
Stock Identification:

Field Pulse Former MI-26105
Field Pulse Shaper MI-26115
Power Distribution Box MI1-26260

?R‘TNTED

us.p



http://www.SteamPoweredRadio.Com

Master Monitor Type

TM-5A

Features

e Operates with composite picture signal input (synchronized
operation) or with separate picture signal and pulse signal
input voltages (driven operation).

e Special 10 inch diameter, kinescope with aluminum backing
makes possible a very brilliant picture.

e Special low capacity input connection.

e Compact design permits location in operating consoles with
minimum space requirements. Operator can easily look over
the top of the console and can observe at least three
adjacent monitors without difficulty.

e Synchronization of the oscilloscope sweep with the kinescope
sweep at half line or half field frequency is completely
automatic.

e Operating controls are exiremely simple.

e Pulse high voltage supply reduces shock hazard con-
siderably.

e Tubes and circuits are readily accessible.

e Adapter is available for rack mounting and a suitcase Lype
enclosure available for portable or field use.

e Calibration circuit permits quick reference to a fixed voltage
level.

e Grid circuit of oscilloscope is available for pulse measur-
ing techniques.

Uses

The Type TM-5A Master Monitor provides in a compact
chassis a complete monitoring unit adaptable to the super-
vision of composite picture signals at any stage of transmission,
from camera pickup to radio transmitter input. It may be used
for both picture and waveform monitoring of signals from the
relay receiver, the output signal at the master control room,
or any other picture signals it may be desirable to monitor
at the radio transmitter location.
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Description

The Master Monitor is furnished in chassis form. It may,
therefore, be placed in a housing and grouped with other master
monitors or camera controls to form an operating console. A
case for table top mounting is available so it can be used
conveniently with field equipment for monitoring purposes,
and in conjunction with the adaptor, MI-26526, it can be used
as a rack mounted monitor.

The unit employs a 10 inch kinescope for direct picture
monitoring and a 5 inch oscilloscope for signal component
analysis. Input circuits are arranged to permit the same or
different picture signals to appear on the kinescope and os-
cilloscope screens at the same time.

A calibration circuit is included to establish a definite voltage
level on the oscilloscope screen for measuring purposes. The
horizontal scanning frequency of the oscilloscope tube is auto-
matically half that of the kinescope and results in two cycles
of either horizontal or vertical pulses, as may be selected by
the operator, appearing on the oscilloscope screen.

The vertical front panel of the monitor, finished in dark
umber gray is arranged with an opening at the top center,
fitted with a rectangular mask, for the 10 inch kinescope to
present the picture screen. The screen of the 5 inch oscilloscope
is arranged immediately below the kinescope screen in a 5 inch
circular opening. The lower section of the panel carries the
switches and controls, conveniently grouped.

With the ends of the kinescope and oscilloscope presented to
the panel, the other components of the circuits are mounted
on vertical chassis on both sides of the cathode-ray tubes with
tube sockets and circuit components arranged on narrow shelf
members so that all parts are readily accessible for servicing.
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A twelve contact plug at the rear of the assembly provides for
the connection of necessary input power and external syn-
chronizing pulse wiring. A safety feature is included in the
form of an interlock which is attached to the monitor, so that
withdrawal of the chassis from the case opens the high voltage
circuits in the unit to prevent accidental contact with dan-
gerous potentials.

The Master Monitor may be operated as either a “synchron-
ized” or as a “driven” monitor. In the synchronized case, the
scanning circuits are operated by blocking oscillators which
in turn are triggered by the sync. pulses contained in the
incoming composite picture signal. In the driven case, the
incoming signal will normally come from a camera chain
without sync. pulses. The scanning circuits are therefore
“driven” directly by separate signals from the synchronizing
generator. Connections to the sync. generator are made throngh
the multi-contact plug. The switching arrangement employed
for selecting the type of operation cuts off the blocking oscil-
lators by opening the cathode circuits when the unit is oper-
ated as a driven monitor. The unit includes three step down
transformers to furnish current for the tube heaters and fila-
ments but d-c currents for the tube plate circuits and centering
circuits must be obtained from an external regulated power
supply.

Specifications

INPUT POWER WHEN USED AS LINE OR
RELAY RECEIVER MONITOR
From Line for Tube Heaters:

Line Voltage
Line Frequency

105-125 volts
50-60 cycles, single phase

From Power Supply:
Plate Voltage
Plate Current
Centering Voltage

285 volts d-c
510 ma.
—17 volts d-¢

2J4905-C
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INPUT FROM CAMERA CHAIN WHEN USED AS
CAMERA OR PROGRAM MONITOR

Peak to Peakk  Frequency Pulse
Voltage in Cycles Width
Vertical Drive 2 min. 60 4%
Horizontal Drive 2 min. 15,750 10%
*Oscillator Drive 8 Mixed 30 and 7875
**Bijas . —18 d-c
k¥ Tally Lighte ... 63w

Frequency Response:
Kinescope Amplifier __~ Flat +=1 db to 8 mec.
Oscilloscope Amplifier

(Vertical Deflection) Flat +15 db to 4 me.

Input Impedance:

CRO Input High
Kinescope Input High
CRO Drive Signal High

Signal Input Range:
CRO Input
Kinescope Input

0.5 to 3 volts
0.5 to 3 volts

Chassis Dimensions 1734” high; 13”7 wide; 204" deep

Weight 68 1bs.

Stock Identification (chassis only) MI-26135

* Use of this signal is optional.

** Used only with camera chain, under which condition fol-
lowing output voltages are available from monitor:

Pedestal Control 0 to —18 volts d-c

Video Gain Control 0 to —18 volts d-c

*** Connected to switching or monitor heater circuit.

RINTE,
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Field Switching System Type TS-30A
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Features

® Surgeless camera switching (clamp circuit) for four cam-
eras and two auxiliary signals.

e Switching between cameras without interrupting syne, thus
eliminating frame slipping at receivers.

Individual level control on each auxiliary picture input.

Switching of Master Monitor for checking the outgoing pic-
ture line, auxiliary lines, relay transmitter, etc.

e Push button switches for picture signals.

Tally system to indicate “on-the-air” to the camera control
operator, camera man, and performers.

Clamp circuit holds black level constant.
Synec. level adjustable over wide range.

Incoming signal may be with or without sync.

Operation in conjunction with a Master Monitor from a
single external power supply.

e Built-in power supply with separate control switch for the
intercom. system.

e Complete miniature “central office” for an inter-communica-
tion system between all operators in a four camera setup
and the program director, technical director, and main
studio.

Uses

The Field Switching System, when used in combination with
the Field Master Monitor, is the equivalent, in the Field Equip-
ment, of the director’s console in a studio. It provides two
major services in a setup involving more than one camera.
The first is, of course, a means of switching between cameras
and of monitoring the outgoing signal. The second is the

If You Didn't Get This From My Site,
Then It Was Stolen From...
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provision of an intercommunication center for the telephone
system which enables all operating personnel to talk with each
other.

Description

The complete equipment consists of the Field Switching unit,
contained in a compact, easily carried case; and the associated
Field Power Supply, likewise contained in a portable case.

The picture signal circuits provide for switching between four
cameras and two incoming auxiliary lines, or in unusual
cases, between six cameras. Communication circuits are limited
to a maximum of four cameras.

Two sets of push button switches are provided for picture
switching. One set, located at the bottom of the front panel,
and marked “CAMERA SWITCHING,” switches signal from
any of four cameras or two auxilliary inputs to the out-
going line. The second set marked “MONITOR SWITCHING”
provides for switching the Field Master Monitor to any of
the following five positions:

. Outgoing picture line.

. Monitor output of relay transmitter.
. Incoming auxiliary line 5.

. Incoming auxiliary line 6.

. Spare input to monitor.

[

Each push button has an associated tally. Camera switching
tallies operate in conjunction with tallies in the Cameras and
Camera Controls.

The picture amplifier includes a “clamp” circuit to eliminate
switching transients and other low frequency disturbances
which may have been added to the signal earlier in the system,
and thus provides that smooth switching which adds much to
program technique.
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The three 75-ohm coaxial outputs from the outgoing line ampli-
fier are as follows:

1. Picture Output (for feeding a relay transmitter or studio
line).

2. Master Monitor Output.
3. Auxiliary Monitor Output.

At output 1 appears the signal from the particular camera
selected by the CAMERA SWITCHING push button. The
second output is effectively in parallel with the first output.

The third output is provided to supply signal to any auxiliary
equipment which it may be desired to operate such as an addi-
tional monitor, a standby link transmitter, or the switching
system of an additional set of field equipment.

All three of these outputs deliver the same signal level and
polarity, i.e., 2 volts, peak to peak, of picture and sync. with
sync. negative. It is assumed that this level is based on the
standard ratio of 75% picture and 25% sync. However, for
signals from local Cameras, where sync. is mixed with the
camera signal in the Field Switching System, the amount of
synchronizing voltage may be increased above the 25% value
by adjusting the Synchronizing Gain Control.

Pulse signals for operation of the clamp circuit are derived
from the synchronizing signal. The clamp operates at black
level so that the output stage always operates over the same
portion of its characteristic.

Filament power for the picture and pulse amplifier tubes is
supplied by a transformer in the Field Switching System. D-¢
for plate supply is obtained from an MI-26095 Field Power
Supply which is also capable of providing plate current to a
Field Master Monitor at the same time. The power control
switch for the Field Power Supply with an associated tally, is
located on the front panel of the Field Switching System.
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The intercommunication system provides talking circuits be-
tween the camera men, the camera control operator, the tech-
nical director, the program director, and any assistant produc-
tion personnel who may be stationed near the cameras. It pro-
vides also a circuit for distribution of the program sound to
all the operators of the system. Each operator may be provided
with a telephone set consisting of a double ear phone head
band and a microphone. One ear phone in each set repro-
duces the program sound, and the other reproduces the oper-
ators’ conversation.

Recessed under the front panel of the Field Switching System
is a jack board with accommodations for six telephone sets;
one for each camera, one for the program director and one
without program sound for the relay transmitter operator.

A group of toggle switches on the upper part of the front
panel provides means for making several circuit combinations
in the intercommunication system. The following combinations
are available:

1. Separate circuit to each camera and the relay transmitter.
2. A common circuit to all cameras or any grouping of them.
3. Optional tie-in between operators and program director.
4

. Optional tie-in between operators and the engineering PL.
(Private Line).

5. Optional tie-in between engineering PL. and production PL.

6. Optional circuit for the program director over the program
line.

The circuit used for the intercommunication system is the
common battery type. The power supply operates fom the a-c
line and is contained in the Field Switching System. A sep-
arate power switch, fuse, and tally are provided so that the
intercommunication system may be operated while the rest
of the equipment is turned off.

Four separate cables carry the intercommunication and tally
circuits between the Field Switching System and the four Field
Camera Controls. A jack provides means for a 2 wire circuit
to the relay transmitter. Receptacles are provided for connect-
ing the program sound, and the engineering and program
phone lines, or PL’s, from the main studio or transmitter.

Controls normally used during show time are located on the
front panel. Others, used rather infrequently, are located under
a small trap door on top of the suitcase. Controls normally
preset are located on the chassis and are made accessible by
removing the cover on the tube side of the unit.

Individual coaxial connectors are provided for all incoming
and outgoing picture and synchronizing lines. All other con-
nections are made with multiple conductor cables to keep the
number of connections to a minimum.

A removable front cover is provided to protect the switches
and other controls from damage during transportation. Re-
movable side covers are also provided. The wiring side is
interlocked and an auxiliary link is supplied to restore power
for servicing.

Specifications

Dimensions:
Field Switching Unit
Case Only 241" long, 815" wide, 154” high
Overall __. . 261" long, 81" wide, 184" high
Field Power Supply
Case Only __241%" long, 814" wide, 1513” high
Overall __24Y%" long, 814" wide, 1513” high
A-c Power Input (approx.):

Switcher and Power Unit 800 watts

Switcher, Power Unit and Master Monitor. 1150 watts
Weight:

Field Switching Unit 71.5 lbs.

Field Power Unit 58 lbs.
Stock Identification:

Field Switching Unit MI-26215

Field Power Supply MI-26095
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Tripod Dolly, Type TD-15A

Features Description
o Provides mobility for tripod camera mounting. The Tripod Dolly consists of a lightweight triangular-shaped
’ e Folds into compact lightweight self-locking package for steel structure supported on three swivel wheels, five inches
carrying. in diameter. The finish is hard chrome. For convenience in
e Large diameter 5” wheels permit easy movement. transporting, the dolly folds into a package 8 x 14 x 29 inches.
e Wheel stops provide for locking tripod in position. When extended and fastened to the tripod, it occupies a
e Tripod firmly locked to dolly. circular area 57 inches in diameter. The dolly is fastened
e Auractively finished in hard chrome. firmly to the tripod by a clamp at each leg. Spring-loaded
stop feet at each wheel serve to hold the tripod in a fixed
Use position. Also the wheels can be removed readily if such

The Tripod Dolly is designed for use on tripods fitted with should be required.

television cameras. When tripods are used indoors, which is
very often the case, use of the dolly precludes any possibility

of marring the floor, and provides greater mobility for the Specifications
tripod. Used in the field with reasonably flat terrain, the dolly Dimensions (unfolded and extended) :
makes it convenient and easy to change the position of the i .
; Height 6 in.
tripod. . .
Diameter 57 in.

Folded for transport:

Height 8 in.
Width 14 in.
Length 29 in.
Weight 25% lbs.
Stock Identification MI-26042

Dolly Fitted
to Camera
Tripod

Dolly Folded for Transportation

2J4905-E Lt
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Television Mobile Unit Type TJ-50A

Features

Economical and convenient to maintain—standard Chevrolet
school bus chassis.

Modern styling conforms with that of RCA Television
Equipment.

Six feet of head room in interior.

Large windows in driving compartment.

All glass is shatterproof.

Complete and convenient stowage facilities.
Cables contained on six convenient reels.

Inside ladder and hatch provides access to roof.
Roof covered with special non-skid tread material.
Adequate heating facilities.

Complete control room in rear of truck.
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Uses

The RCA Television Mobile Unit is a custom-built vehicle
designed to carry the television equipment needed to pick up
outdoor scenes and relay the pictures to a studio or trans-
mitter room for broadcasting.

The interior arrangement provides adequate storage space
for three cameras, their tripods and the relay transmitting para-
bola—units which must be set up outside the vehicle for tele-
casting. Equipment which need not be removed from the
vehicle, such as the relay transmitter control unit, audio ampli-
fier and mixer, monitors and the camera control units, are
shockmounted on an attractively finished, linoleum covered
operating table inside.

Use of the Mobile Unit greatly simplifies the work of trans-
porting the television equipment required for field pickups.
It also saves considerable wear and tear on the television units
as well as time in setting them up for operation.
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Description

The body of the vehicle, built on a standard 1%-ton Chevrolet

chassis, is custom-built to provide an attractive, practical and

compact unit. Finished in two-tone umber gray, it is both
attractive and durable. The roof is reinforced to support the
weight of the field cameras as well as the relay antenna and
the operators. Access to the roof is made easy through use
of an inside ladder and a 24” x 36” rain-tight hatch.

A short wheelbase gets the vehicle around sharp turns in nar-
row streets; large, full-view shatterproof windows facilitate
safe driving in heavy traffic; and a 90-horsepower engine pro-

vides speed on open roads as well as pulling power on the hills.

Four cable reels mounted on swinging arms are housed in a
rear compartment accessible through two doors in the back
of the unit. When the rear doors are opened, the reels can
be swung out into the clear to facilitate unreeling the cable.
Each reel can accommodate 200 feet of cable. If additional
cable is required, there is space in the compartment for the

addition of two cable reels.

Inside, the vehicle has adequate heating facilities for cold
weather. In warm weather, the heater fan can be used for

ventilation. The linoleum covered operating table at the rear

runs the full width of the Mobile Unit, and provides con-
venient operating space for three operators seated side by Interior view, looking aft, showing ladder to roof,
side. Swivel chairs for the operators are permanently mounted and operators’ positions

to the floor. The storage lockers for the cameras, tripods and

accessories are built along the inside walls of the vehicle. . . .
Inside Dimensions:

Width o
Height 72"
Specifications Height (at operators’ table) 67”
Outside Dimensions (overall) : Gross Weight 13,500 Ibs.
Length (bumper to bumper) 269" Tire Size 7.50 x 20
Width 89" Chassis__ Standard 1'4-ton 160” wheelbase Chevrolet
Height 110” Finish___ Two-tone umber gray (light umber gray inside)
REFLECTOR
STEP STORAGE - \
REELS
—————- 1
] ]
| |
| |
! |
R s
ENGINE HATCH
COMPARTMENT L
S <)
STORAGE ® S (
35
o
STEP ]
Interior layout plan of TJ]-50A
2)4905-F e
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Film Projector Type TP-16B

Features

e Simple, straightforward film path provides for quick and
easy threading.

e Removable film gate makes aperture cleaning easy.
e (onstant light source provides utmost simplicity in design.

e Film lengths up te 2000 feet can be used without replacing
reels.

e Coated lenses minimize reflections and improve contrast.

e Resolving power of lens is 60 lines per millimeter at any
point in the field.

e Projector can be operated on a current supply of 50 cycles
as well as 60 cycles.

Uses

The TP-16B Film Projector is used in television studios to
provide regular program material using standard 16mm sound
motion-picture film. To obtain the video signal, the projector
is used in conjunction with the TK-20A Film Camera, and
the two units are mounted in such a position that the TP-16B
projects a picture dirccetly onto the mosaic of the picture
tube in the film camera.

The TK-20A Film Camera is similar to a studio camera ex-
cept that it is not provided with any optical focusing system.
Instead, the optical system of the projector is used to size
and focus the picture which is projected on the pickup tube
mosaic.

When more than one projector is used, it is not necessary 1o
have a separate camera for each projector. If the film pro-
jectors are arranged in pairs, a mirror switching arrangement
may be employed to make one camera serve both projectors,
and a slide projector in addition. Since projectors are ordi-
narily used in pairs (for showing alternate reels) this is a
very practical arrangement.

Description

The TP-16B Projector is entirely self-contained and, with the
exception of the film feed arrangement, is entirely enclosed.
The projector housing is provided with an attractive umber-
gray crackle finish matching that of other RCA television
equipment. The projector proper is mounted on a heavy cast
base frame. This frame in turn is mounted by means of level-
ing screws on a lightweight pedestal of matching design and
finish. This pedestal greatly improves the appearance and
provides a convenient place for mounting the controls and
field-supply for the special three-phase motor which is a
feature of the TP-16B.

The mechanism of the Type TP-16B Television Projector is
an adaptation of that used in RCA’s outstandingly successful
PG-201 Deluxe 16mm Sound Projector. The film feed arrange-
ment, optical system, and sound pickup unit of the TP-16B
are identical to those of the PG-201. The cast-aluminum frame
and the front part of the projector housing are also the same.
Use of these precision-made components, whose satisfactoriness
is attested by thousands of PG-201’s in use, not only insures
trouble-free operation, but also makes it possible to provide
a deluxe-type projector at a price much lower than would be
entailed if these machines were special-developed and manu-
factured from scratch in the relatively small quantities re-
quired for television use.

The optical projection system consists of a 1000-watt air-blast-
cooled incandescent lamp, a silver-coated pyrex glass reflector,
a large two-element aspheric condenser lens, and a 3.5 inch,
F.2 “coated” projection lens. This system provides plenty of
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illumination on the mosaic of the camera iconoscope and is,
of course, much simpler than systems using switched or pulsed
light sources.

The film feed arrangement of the TP-16B is identical to that
of the standard projector with the exception that the pull-
down claw works at a greater speed. Film is fed from the
upper reel under a large sixteen-tooth feed sprocket and
through the precision made film gate. Light, controlled by a
rotating shutter, is projected through the film at this point.
The film is pulled down through the gate, a single frame at
a time, by the pull-down claw just below the gate.

Since television standards (and proper synchronization) re-
quire transmission of 60 fields (30 frame, interlaced) per sec-
ond, and motion picture film is made for projection at 24
frames per second, some means must be provided for conver-
sion from the one rate to the other. In the TP-16B this is
done by “scanning” the first frame twice, the second frame
three times, the third twice, the fourth three times, and so on.
The average rate, then is 214 scannings per frame—which,
multiplied by the 24 frames per second, provides 60 scanned
fields per second.
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If the “pull-down” could be accomplished during the vertical
blanking interval—1/750th of a second, every 1/60th of a
second—no further modifications of the standard projector
wouald be necessary. Unfortunately this is not mechanically
possible. Therefore, a further stratagem is employed. This con-
sists in the use of short light flashes so timed that the film
picture is projected on the pickup tube mosaic for only
1/1200th of a second, every 1/60th of a second. These flashes
occur during the vertical retrace time and are provided by
a rotary shutter which consists of an 18-inch metal disc with a
slot cut in its periphery. This disc is driven at a speed of
exactly 3600 rpm by a special 3-phase synchronous motor. This
arrangement is possible because the mosaic of the pickup tube
“stores” the picture during the interval between flashes of
illumination.

Synchronization of the TP-16B Projector with the television
system is assured by virtue of the fact that both the television
synchronizing generator (which drives the beam in the camera
pickup tube) and the motor which drives the projector shutter
have a common source of power. To insure that the shutter
will be in step at all times a large-size motor with a separately
excited d-c field is used. The d-c field, being polarized, makes
the motor always “lock” in proper phase relationship with
the sync generator. The power supply for the motor field is
mounted in the pedestal.

Sound System

A number of unusual features are incorporated in this sound
unit. One is the use of radio-frequency voltage (28 kc) on the
exciter lamp filament. This prevents hum and noise from being
introduced by the lamp itself. Another feature is the fact
that the exciter lamp mounting and sound carriage are die-
cast in one piece, thereby insuring permanent accurate align-
ment. Still another is the use of the famous RCA-developed
rotary stabilizer on the sound drive. This maintains smoothly
uniform film speed for sound take-off—a guarantee of sound
reproduction at originally recorded pitch.

An audio preamplifier is built into the base of the projector.
This amplifier, which is of conventional design, employs an
RCA-1620 as a photo-cell amplifier, an RCA-6J7 as a voltage
amplifier and RCA 6V6FT /G as an output tube. A tapped
output transformer provides output impedances of 250 or
500 ohms. Output level is +4VU at 1000 cycles with less
than 1% total r-m-s harmonic distortion.

The audio amplifier is assembled on a small chassis which
can be easily removed from the base housing. Also mounted
on this panel is the 28 kc oscillator which supplies voltage
for the filament of the exciter lamp and a power supply using
a 5Y3-GT/E which supplies plate voltage for the amplifier
and oscillator.

2J4905-G .
www.SteamPoweredRadio.Com

A sound equalizer panel is available as an accessory for the
projector sound channel and is identified as MI-26313. The
unit is constructed to be mounted convenient to the audio
control position so that the film sound may be easily adjusted
for proper response. The compensation in frequency response
is necessary because of the wide variation in recording of
and printing of 16mm films. A single control is used in a tilt
circuit with a straight through center position; with three high
boost and three low boost positions of 2.5 db steps each.

Provision for Remote Control

Controls mounted on the projector include “Standby,” “Emer-
gency Run,” “Start,” “Stop” and “Remote.” When the remote
switch is operated, “Start” and “Stop” controls at a remote
location may be used to control operation. These circuits
operate through relays and a master contactor mounted on
the pedestal.

Maintenance Features

Fasy and quick maintenance is one of the features of the
TP-16B projector. The field power supply, control circuits
and all external connectors in the pedestal are easily reached
by removing the pedestal side covers. The preamplifier and
exciter filament supply unit are available when the cover
plate, held by two thumbscrews, is removed. The projector
lamp is reached through a hinged door. The film gate assembly
is easily removed for cleaning. All parts of the film feed system
are in the open where they may be constantly observed.

Specifications

Film Type Standard 16mm
Film Capacity 400" to 2000’
Film Speed_— 24 frames per second

Shutter Speed
Projector Lens Line
Audio Output Power.
Output Impedance
Frequency Response

60 frames per second
48" above floor
+4 VU at 1000 cycles
250 /500 ohms
—+2 db from 80 to 3000 cycles
—+3 db from 80 to 4000 cycles
Hum and Noise Level 40 db below output level
Dimensions______. Height 68”; Length 32”; Width 1634”
Weight____Projector 90 lbs.; Pedestal 135 lbs.; Total 225 Ibs.
Tubes Required. _1 RCA-927, 1 RCA-1620, 1 RCA-6]7,
2 RCA-6V6GT /G, 3 RCA-5U4G, 1 RCA-5Y3GT /G,
Projector Lamp T-12

Power Required

209-220 volts, three-phase 250 watts
105-125 volts, single-phase 1200 watts
AT

U.s. A
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Television Film Projector, Type

Features

e Highly efficient pulsed light source, no shutter mechanism
required.

e (Quiet operation.
o Excellent picture definition.
o Completely enclosed unit—even to film magazines.

e Very little heat on film—stills of any frame of the film can
be projected.

o RCA sound head used—response flat out to 6 ke.

e Light output of projector favorable for proper operation of
film camera.

Use

The TP-35B 35mm Television Projector is designed for use
in television stations as a means for utilizing standard 35mm
sound motion picture films as program material. The TP-35B
can be used as the single source of program material for the
television station, or it may be alternated with “live” programs

and network shows to add variety to the station’s program
schedule.

The TP-35B Projector is designed for use with the TK-20A
Film Camera. In the simplest arrangement, the projector is
mounted in such a position that it projects motion pictures
directly on the pickup tube in the TK-20A I'ilm Camera. The
video signal produced by the camera is then fed to the studio
control room. A single TK-20A Film Camera can serve two
motion picture projectors and a slide projector by using a
Multiplexer. This device employs a slide projector and two
mirrors mounted at the required angle to direct the pictures
from either projector onto the pickup tube of the film camera.

Description

The TP-35B Projector is entirely enclosed. The housing is
finished in an attractive umber-gray crackle finish, matching
that of other RCA equipment. Shatterproof glass windows per-
mit viewing the operation of the mechanism without removing
any door or cover.

Film is fed from the upper film magazine down through the
film feed sprocket and through the film gate in the picture
head. At this point, light produced by a pulsed-light lamp is
projected through the film. The pulsed-light system eliminates
the need for a shutter mechanism. It consists of an electrically
operated gas-filled lamp which produces short pulses of light
at the required rate of speed. The film then passes over the
sound drum to the lower film magazine in the pedestal of
the projector.

Also contained in the pedestal is a power supply which fur-
nishes d-c voltage for the field of the driving motor, and a
terminal board on which is mounted the relay for the pulsed-
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light lamp. Power for this lamp is furnished by a power supply
which is mounted in the projection room control rack which
contains the monitoring equipment and remote control panel.
A control box on the rear of the projector contains the neces-
sary switches for starting and stopping. For the use of iwo
projectors, a changeover panel is provided. This panel, which
is rack-mounted directly below the video monitor in the pro-
jection room, contains switches for starting and stopping either
projector, and for changing over from one projector to the
other. The changeover swiltches control relays which switch

the optical systems (douse and undouse) as well as the sound
circuits.

For the purpose of using standard motion picture film, which
runs at an average speed of 24 frames per second, on a tele-
vision system which has a basic rate of 30 frames per second,
a new type intermittent has been designed. This intermittent
is a 3-sided geneva movement driven at an average speed of
24 cycles per second. Pull down time is 120° (as compared to
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90° on a standard theatre projector). Showing time is alter-
nately 168° and 312° (as compared to 270° on a standard
theatre projector). This arrangement permits a 5% 60-cycle
light pulse to be phased so that three pulses occur during the
312° showing inierval, and 2 pulses occur during the 168°
showing interval. This results in 60 pictures or 30 television
frames per second, while the average speed of the film remains
at 24 frames per second.

The TP-35B designed for television by RCA, employs the most
advanced features known to the field of film projection and
its application to the production of television programs. One
of the basic units of the equipment is the Brenkert BT90
Projector Head employing the special geneva movement and
other features needed to meet the standards set up for the
television system.

The sound head is the standard RCA high quality unit used
in all Brenkert theatre projectors. For the TP-35B, it includes
a special salient-pole synchronous motor. The projection lens
combines the favorable features associated with high quality
projection lenses, such as: flatness of field, freedom from color
fringes, excellent contrast, and definition. Durable anti-reflec-
tion coatings increase light transmission and improve image
contrast through elimination of internal reflections. The lens
mount is hermetically sealed to prevent the entrance of dust
or moisture.

Auxiliary equipment, not a part of the basic projector assem-
bly, is normally housed in a standard cabinet rack located in
the projection room. This rack-mounted equipment includes
the pulsed light power supply, exciter lamp supply, remote
control panels, and a 10-inch picture monitor. Controls are
arranged so that either of two projectors can be started and
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stopped and change-over relays operated either at the pro-
jector or from the control room.

Most moving parts of the projector are automatically and con-
tinuously lubricated. A pump inside the housing delivers a
continuous flow of oil from the reservoir at the base of the
main frame to the rotary lubricator which throws the oil over
the gears and to every bearing. An oil sight gauge provides an
indication of the amount of oil in the reservoir.

Specifications

Film Type Standard 35mm
Film Capacity 2000’
Film Speed

24 frames per second
Light Pulse_ 5% duration—60 times per second (synchronized
with flyback time of camera pickup tube)

48” above floor
(614" focal length lens)—37"
500 ohms balanced

Projector Lens Line
Projection Distance
Audio Output Impedance
Dimensions (overall) :

Height 6 37
Width 164"
Depth 347
Weight 400 1bs. (approx.)

Power Requirements (Projector):
Projector Motor___ 200 watts, 208 volts, three phase
Projector Motor Field Supply_ . 100 watts, 115 volts,
single phase
Pulsed Light Supply_ 450 watts, 208 volts, three phase
200 watts, 115 volts, single phase
Exciter Lamp Supply __45 watts, 115 volts, single phase
Tube Complement (for Projector only) :
3—RCA 5U4G
1—Exciter Lamp, 10 v., 5 a.
1—Type 868 Photo Cell (for Sound Head)

\>':’{\T{V::c
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® Film Multiplexer Type TP-9A

Features

Permits use of a single film camera for two film projectors.
Employs built-in slide projector.

Employs long life front-surface type mirrors.

Aids program continuity.

Introduces negligible optical distortion.

Permits use of a stand-by film projector.

Designed for use with 16mm and 35mm projectors.
Employs no moving parts.

Uses

The Film Multiplexer is a device for use in the television
projection room. It enables television station personnel to
permanently arrange a single film camera and two film pro-
jectors so that either projector can be used with the film cam-
era, without need for moving the units about the room.

The Multiplexer employs two mirrors mounted at the required
angle to reflect the image from either projector onto the pickup
tube in the film camera. In addition, a small slide projector
mounted just above the two mirrors provides a means for
station identification. The image from the slide projector is
focused directly on the tube in the film camera.

Using the Film Multiplexer, it is also possible to have a
standby film camera already set up for emergency use. The
four units are then mounted opposite each other with the
Multiplexer in the center. Since the mirror and slide projector
assembly of the Multiplexer swivels on the pedestal mounting,
' the Multiplexer can be quickly swung around to serve either

film camera.

Description

The Film Multiplexer consists of a cast aluminum pedestal
which mounts two front-surface mirrors and a slide projector.
The pedestal is fitted with a flange at the bottom for bolting
to the floor. The slide projector is an Eastman Type A-2
Kodaslide Projector with a 100-watt projection lamp. The
Multiplexer is finished in umber gray to match other RCA
television equipment.

Specifications

Power Requirement (for projector lamp)
110 volts a-c, 50 /60 cycles

Dimensions (overall) :

Height 54"
Width 13"
Weight 40 1bs.

Typical projection installation showing Multiplexer with two
TP-16A Film Projectors and TK-20A Film Camera Stock Identification MI-26318
2J4905-1 . PRINTE,

[
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Film Camera Type TK-20A

Features
e Either positive or negative film can be used.

e Tubes and parts are easily accessible.

e Operation is simple—few controls are used.

e Camera can be operated 50 feet from control console.
o Oscilloscope in monitor can be used for measuring pulses.

o 10-inch aluminized tube for picture monitoring provides
very bright picture.

o Clamp circuit eliminates low-frequency microphonics from
video signal.

Uses

The RCA Film Camera Equipment consists of a Film Camera,
a Camera Control Unit, and associated power supplies and
cables. This camera chain when properly set up with a motion
picture film projector or a slide projector, and supplied with
synchronizing signals, will produce standard video signals which
can be fed to the television transmitter. By use of an RCA
Multiplexer, which is a small, compact device having two
mirrors mounted at the required angle, a single film camera
can be arranged to serve two film projectors and a slide pro-
jector. The TK-20A can be used with either 16MM or 35MM
projectors.
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Description

The Film Camera Equipment is designed to meet the require-
menls of any size television station. Ordinarily, the film
camera is permanently mounted to the floor in the projection
room, although it also can be mounted on a wall track so
that it can be moved easily to any one of several film projectors
installed in the room.

The Camera Control Unit consists of a chassis type unit con-
taining circuits for control of the signal generated in the film
camera, and a Type TM-5A Camera Monitor for analysis of
the video signal and observation of its picture quality. These
two units are mounted in a desk-type console section which is
located in the transmitter room or studio control room. This
console section can be grouped with other console housings
(with end sections for trim) to form a neat convenient oper-
ating desk. The monitor unit contains a 10-inch picture tube
and a 5-inch oscilloscope. D-¢ voltages for the TK-20A camera
equipment are supplied by two Type WP.33A Heavy Duty
regulated power supplies. These power supplies are rack-
mounted in the control room or transmitter room. The TK-20A
equipment is finished in umber gray to match other RCA
television equipment.

FILM CAMERA

In the illustration, the film camera is shown mounted on a
pedestal, which provides for permanent mounting to the floor.
If the camera is to be mounted on a wall track, the pedestal
of course is not required. Contained in the film camera case
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Camera Control Unit showing interior arrangement. This unit
is normally housed in the master control console.

are the RCA 1850 Iconoscope pickup tube, blanking and de-
flection amplifiers and a 6-stage video preamplifier. Since the
picture from the projector is focused directly on the mosaic
of the Iconoscope, no focusing lenses are required for the film
camera.

CAMERA CONTROL

The Camera Control consists of the control unit proper and
the Type TM-5A Camera Monitor. The control unit contains
a picture signal amplifier fed by the preamplifier in the cam-
era, pulse line amplifiers to feed driving signals from the
studio sync generator to the camera, and several controls di-
rectly associated with the operation of circuits in the camera.
All components of the control unit are mounted on a chassis
installed in the console desk directly below the camera mon-
itor, the controls projecting through a sloping panel on the
top of the console.

Electrically, the Camera Monitor is identical to the TM-5A
Master Monitor used with the field camera equipment. It
contains a 10-inch aluminum-backed Kinescope for observation
of the composite video signal fed to the transmitter, and a
5.inch oscilloscope for viewing the signal waveform and for
quickly and accurately measuring signal levels. A calibration
circuit in the monitor permits quick reference to a fixed
voltage level. Circuits in the camera monitor include separate
low-capacity inputs, video amplifiers and scanning generators
for both the Kinescope and oscilloscope tubes. Transformers
within the TM-5A provide filament voltages for all tubes in
the monitor. Plate voltages are supplied by one of the WP-33A
power supplies.

If You Didn't Get This From My Site,
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POWER SUPPLIES

The Type WP-33A Heavy Duty power supplies each furnish
extremely well-regulated d-c voltages at loads from 200 to 600
milliamperes. Output voltages are adjustable between 260 and
295 volts. The components are assembled on recessed type
chassis for mounting in standard cabinets or open racks.

Specifications
POWER REQUIREMENTS

Line Rating 105-125 volts, 60 cycle, single phase

Power 1000 watts
Current 10.1 amps.
Power Factor. 0.94

INPUT SIGNALS

Horiz. Drive 4 volts, 15,750 cps, 10% pulse width
Vert. Drive 4 volts, 60 cps, 4% pulse width
CRO Drive (optional) 8 volts, mixed 30 cps and 7,875 cps
Mixed Sync (optional) 4 volts, RMA signal
Mixed Blanking 4 volts, RMA signal
Communication Circuits

OUTPUT SIGNALS

Picture Output 1.5 v. peak-to-peak (picture signal)
Remote Monitor Output____1.5 v. peak-to-peak (picture signal)
Frequency Response. Flat within 1 db to 6 megacycles
Input Impedance for Pulses High

Typical arrangement of TK-204 Film Camera and
TP-16A Film Projector
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RCA Television Studio and Studio

Control Room Equipment

TK-104 Studio Camera

RCA Television Studio Equipment is designed for all television
transmitting installations, large or small. It is economical for
stations starting out in a small way, because a minimum num-
ber of equipment units will handle their early requirements.
As these stations grow, and new sources of program malerial
become available, additional equipment units can be added
without discarding previously installed equipment. In this way
the small broadcaster can expect to have eventually a station
which duplicates in appearance and facilities those stations

which start on a larger scale.

RCA add-a-unit designs are also economical for larger tele-
vision stations; first, because they eliminate costly duplication
of apparatus, and second, because their manufacture in rela-
tively larger quantities makes it possible to offer better quality

at lower prices.

For all television broadcasters who plan to provide studio and
film telecasts, there are five basic types of equipment required.
These are, namely: (1) Pickup equipment, i.e., studio cameras,
film and slide projectors; (2) a switching system for the cam-
eras (or for the studios) ; (3) syne generating equipment; (4)
program monitoring equipment; and (5) camera dollies and
pedestals, line a-mpliﬁers, power supplies, etc. These items can

be obtained separately, so that in each case, the broadcaster
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TS-104 Swiiching Section

TK-204 Film Camera

TP-16A4 Television Projector

can buy to suit his particular needs. All units have matching
appearance and umber-gray finish. Morcover, they are elec-
trically and mechanically designed to operate together. Addi-
tional units can be added at any time without fear of fill-
ing studios and control rooms with a number of dissimilar

components.
A typical electrical arrangement of what we consider to be

the basic equipment required for even the smallest station

with studio facilities is shown in the block diagram.

4-Section Video Console
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Use is made of two Type TK-10A Studio Camera equipments,
two TK-20A Film Camera equipments, a TG-1A Studio Sync
Generator, and a TS-10A Switching System. The switching sys-
tem can handle six input lines. As shown in the diagram, two
of these six inputs are used for remote lines such as network
or field pickups, and the other four are divided between two
studio cameras and two film cameras. Sync is fed from the
Syne Generator through a pulse distribution box to the TA-5B
Stabilizing Amplifier which combines the sync with the cam-
era video signals. Ordinarily, video signals fed to the remote
inputs already contain sync which is supplied by the field
equipment, or, in the case of the network input, is supplied
at the station of origin. However, the Stabilizing Amplifier can
also add sync automatically to remote input signals when
necessary.

Program monitoring equipment required depends upon the
number of studios employed by the broadcaster. For the
smaller stations with perhaps one studio plus a projection

room, the video console formed by the camera control units
and one switching unit will in most cases be adequate for
satisfactory supervision and direction of programming. This
video console is made up by bolting side by side one camera
control section from each camera equipment plus a switching
section. The addition of trim end-sections then forms an attrac-
tive desk-type console. Any number of these units can be

fastened together.

Stations employing several studios and facilities for network
programs will require a program director’s console. This con-
sole is styled similarly to the video console, but the viewing
monitors are built inside the housing and viewed through an
opening in the top of the console. Thus, light cannot strike
the screens. The director’s console is provided with three
monitors, two for preview and one for the program line. A
switching panel allows the director to fade, lap-dissolve and

switch the video signals.
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Studio Camera Type TK-10A

Features

e Camera does not require costly, uncomfortably-hot lights.

e Camera mounting designed for a standard tripod, a crane
type dolly or studio pedestal.

e Four lens positions provided on a rotatable turret.

e Optical focusing easily accomplished by a knob on the
side of the camera.

e Hinged doors and covers permil easy access to camera cir-
cuits and controls.

e Four tally lights, two on the front of the camera, one on
rear of camera and one beside the viewfinder kinescope,
indicate to the cameraman and performers when the camera
is on-the-air.

e A combination microphone and headset for each operator
produces program sound in one earphone and order wire
conversation in the microphone and other earphone.

e Two phone jacks on camera—one for cameraman, one for
production man.

Uses

The TK-10A Studio Camera Equipment is designed to pick
up scenes produced in television studios, and provide com-
posite video signals that can be fed to a television transmitter.

The camera uses a studio-type Image Orthicon pickup tube
(RCA type 5655) which requires much less light than former
studio cameras employing the Iconoscope pickup tube. Under
normal lighting conditions (100 to 200 foot-candles) an ex-
cellent picture is obtained. In fact, the quality of the picture
compares favorably with that produced by the Iconoscope
operating with light values of 1000 foot-candles.

Description

The TK-10A Studio Camera Equipment consists of the Cam-
era itself, which can be mounted on a crane type dolly or
studio pedestal, a Camera Control mounted in a desk-type
console section, and power supplies designed for rack mount-
ing. The size and general appearance of the console section is
identical to that of the Film Camera Equipment and the Studio
Switching System. Therefore, the studio camera control unit
can be used in conjunction with other studio and film units.
Any number of these console sections (one for each camera)
can be bolted together to form a convenient desk-type console.

STUDIO CAMERA

The general arrangement of the controls and components of
the Studio Camera resembles that of the RCA Field Camera.
Like the field camera, the studio camera employs image
orthicon deflection circuits, a picture preamplifier, and an
electronic viewfinder which is mounted directly on the camera.
The viewfinder, which enables the camera man to view the
scene he is picking up, uses a 5 inch picture tube (RCA-
5FP4A) which operates with an image brightness satisfactory
for viewing scenes even in brightly lighted studios. Camera
circuits are arranged on either side of the tube and coil assem-
bly. On one side, the video preamplifier tubes are mounted on
a shelf with the circuit components easily accessible on a ter-
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minal board below the shelf. The deflection and high voltage
pulse supply circuits are mounted in a similar manner on the
other side of the camera. Hinged doors on either side of the
camera swing down to provide easy access to the camera
circuits.

Four EKTAR type lenses are mounted on a lens turret which
can be rotated by a handle at the rear of the camera. These
lenses are relatively smalil due to the small size of the photo-
cathode in the pickup tuhe. They are available in sizes from
35 mm f2.8 to 13 inch, £3.5 Optical focusing is accomplished
by adjustment of a knob on the side of the camera. This
knob moves the pickup tube and its focus and deflection coil
assembly with respect to the lens.

Controls for the studio camera circuits are located on the rear
of the camera in two rows behind hinged covers. All these
controls are normally preset and do not require adjustment
during a program. Communication and tally light circuits are
provided in the camera cable.
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Studio Camera Control Unit

STUDIO CAMERA CONTROL

The Studio Camera Control enables the video operator to
monitor and control the quality of the picture signal produced
by the studio camera. It is a desk-type console section with a
TM-5A camera monitor mounted in the upper part, and the
control chassis mounted in the compartment below. The camera
monitor has a 10-inch picture tube for displaying the picture,
and a 5-inch oscillograph tube which reproduces the picture
signal waveform. Controls for gain and black level setting are
brought out on the monitor front panel.

The control chassis contains the necessary circuits for ampli-
fying the video signal, establishing black level, mixing in a
sawtooth correcting signal, adding picture blanking to the
picture signal, adding the synchromizing signal, and providing
3 separate outputs. It is a vertically mounted chassis with a
bracket projecting from the top part of the chassis supporting
the operating controls. Four commonly used controls project
through the desk top surface. These are:

1. Orthicon Focus
2. Beam Current
3. Target

4. ITmage Focus

Three less frequently used controls are recessed under a small
panel in the top surface.

The control unit complete with its controls can be removed
casily from the console by removing the lower front panel
and <liding the unit out. All electrical connections are made
with plug-in connectors.

POWER SUPPLIES

Four power supplies are required for each camera chain. These
are as follows:

1. Type WP-33A to supply B+ to master monitor.

2. Type WP-33A to supply B+ to camera and viewfinder.

3. Type 580-C to supply B+ to camera control and to current
regulator.

4. Current regulator to supply constant current to camera focus
coil.

These four power supplies are designed for mounting in a
standard rack in the studio control room.
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Specifications

Number of Lines 525
0Odd Line Interlacing 2to1
Frame Rate 30 per sec.
Field Rate 60 per sec.

Picture Signal Level 1.5 volts, peak-to-peak max.
(conforms to RMA standards)
Black negative

75 ohms

1000 ft.

Picture Polarity at Output
Impedance of Coaxial Transmission Line
Maximum Length Camera Cable
Total Included Angle of Lenses:

(a) 35 mm f2.8 Ektar 50°

(b) 50 mm f1.9 Ektar_ 31 34°
(¢) 90 mm f2.8 Ektar_ senses 900
(d) 135 mm {45 furnished) 130
(e) 85 in., £3.9 Ilex 8o
(f) 13 in., £3.5 Tlex 5o

Incident Illumination (min.) 25 foot-candles
Incident Illumination for Best Results__100 to 200 foot-candles
Power Source 117 volts, 60 cycles
Power Consumption:

(a) Heater Supply Camera Control____ = 375 watts

(L) Two WP-33A Power Supplies__.____ 800 watts
(¢) One 580-C Power Supply 370 watts
(d) Current Regulator 15 watts

Total for One Camera Chain______ 1560 watts

MECHANICAL SPECIFICATIONS
Camera (including Viewfinder)

Length 357

Width 13"

Height 20”
Camera Control Console:

Depth 36”

Width ]3%:/

Height (overall) 41"
Weights:

Camera (including Viewfinder without lenses) 105 1bs.

Camera Control Console Assembly

(including Master Monitor) 140 1bs.

Camera Cable 0.4 lbs. per foot

Close-up of Camera Control Unit controls (on sloping
panel to right of TM-54 Monitor)

RINTE,L
N
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® Current Regulator MI-26090

OUTPUT
CURRENT

METER
M1.21200

Features

e Counteracts current variations in camera focus coil circuit.

. o Current can be manually adjusted over a range from 65

to 85 milliamperes.
e Common tube types are employed.
e All tubes easily replaced from front of unit.

e Designed for standard racks and cabinets.

Use

The Current Regulator is an electronic device which maintains
constant current in the focus coil of the TK-10A Studio Camera.
Variations in the magnitude of current flowing through the
coil are brought about by temperature changes, which would
ordinarily impair the focus of the camera. The Current Regu-
lator counteracts these variations and also provides a means

for adjusting the focus coil current to the proper value.

Description
‘ All components of the Current Regulator are mounted on a

recessed chassis designed for rack mounting. The unit employs
an RCA 6SL7-GT twin triode as a d-c amplifier, and an RCA
6Y6-G current regulator tube. The cathodes of the d-c ampli-
fier are kept at fixed levels by voltage regulator tubes.

2J4905-M
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The 6Y6-G current regulator tube is effectively in series with
the camera focus coil and its 400-volt source of d-c so that
the internal resistance of the 6Y6-G, which is controlled by the
d-c amplifier, determines the magnitude of current flowing in
the coil circuit. The input of the d-c amplifier is connected
across a small resistor also connected in series with the focus
coil. Thus variations in the voltage developed across the small
resistor (as a result of current changes in the focus coil cir-
cuit) are fed to the d-c amplifier which in turn raises or
lowers the conductance of the 6Y6-G to counteract the current
change taking place. Regulation is, of course, instantaneous
and the result is a constant flow of current through the focus
coil of the camera. The Current Regulator will maintain con-
stant current at a preset value over wide ranges of resistance

change in the load and over wide ranges of input voltage.

Specifications

Power Requirements:

A-c — Single phase 117 volis, 60 cycles, 15 watts
(for fil. transformer)
D-c 400 volts from Type 580-C Power Supply

Chassis Dimensions:

Depth 51,7
Width - 19"
Height 8”
Weight 9 1bs.

Tube Complement:
1—RCA 0D3/VRI150 Voltage Regulator
1—RCA 991 Voliage Regulator
1—RCA 6SL7-GT D-C Amplifier
1—RCA 6Y6-G Current Regulator

RINTE,
s N
u.s.
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Microphone Boom & Perambulator MI-26574

Features

e Boom and perambulator can be passed through narrow
doorways.

o Duraluminum tubing for boom assures rigidity and light
weight,

o “Gunning” device revolves directional microphones through
280°.

e Radius of boom can be extended to 17 feet—retracted to
7 feet, 4 inches.

e Boom fitted with adjustable counterbalance for different
microphones.

® (Quiet in operation.

Use

The MI-26574 Microphone Boom and Perambulator is designed
for use in broadcast or television studios. It enables the oper-
ator to quickly place the microphone with respect to the sound
source. He can closely follow the sound, or move from one
source of sound to another easily and quietly.

Description

The perambulator is constructed of steel tubing with drop-rim
type wheels and pneumatic tires. The steering wheel swivels
180° and can be clamped to hold a given radius. The tiller
when pushed back operates a toggle brake on the steering
wheel. Tt is also provided with steps which aid the operator
in mounting the platform when it is elevated. Operated by a

2J4905-N
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hand wheel, the elevating column raises the boom from a
height of 6 feet, 5 inches to 9 feet, 5 inches. The operating
platform raises with the boom. The wheel tread of the peram-
bulator can be narrowed to 27 inches and the leaf portions
of the table can be lowered to permit passing the perambulator
through a 30-inch door.

A hand crank governs extension and retraction of the boom,
and a hand rail controls elevation and horizontal traversal.
As the boom is retracted, the micrephone cable is received on
take-up sheaves. The movement of the telescoping member is
counterbalanced by weights which can be adjusted to properly
balance different microphones. Since many microphones are
directional, the boom is fitted with a “microphone gunning”
device which revolves the microphone through 280°.

Specifications

Dimensions:

Maximum Height (with boom pedestal elevated) 9" 5”
Maximum Height (with pedestal lowered) 65

Length of Boom:
Extended 17
Retracted T 4%

Weight:

Boom (with gunning device) 6634 1bs.
Counterweights for Boom 3514 1lbs.
Perambulator 421 1bs.
RINTE,
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Monoscope Camera Type TK-1A

Features

o Useful to television transmitting station, laboratory, factory,
or service bench.

e Compact construction; bathtub chassis.

e Built-in high voltage power supply.

e Pattern shows scanning symmetry, vertical and horizontal
resolution, shading, reproduction of isolated details, contrast
and brightness.

® Accessible arrangement.

Uses

The Type TK-1A Monoscope Camera may be used as a con-
venient means of obtaining an image for video testing of tele-
vision transmitting equipment, or a “test pattern” to be
transmitted during warm-up and stand-by periods. In the latter
case, the station call letters may be made a part of the pattern,
thereby providing station identification. It may, likewise, be
used in the television transmitting station as a readily available
source of video signal, of known quality, to be used in place
of the studio camera when making tests or adjustments on
other units of the system. In the laboratory, factory, or service
bench, the equipment may be used as a source of video signal
to test or adjust television receivers, video amplifiers, and
picture tubes. With the addition of a source of blanking and
driving signals, an IF sweep generator and an RF signal gen-
erator, it produces a complete television picture signal simulat-
ing that received off the air, and thus provides a means of
testing receivers under conditions equivalent to actual use.
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Description

The TK-1A Monoscope Camera comprises the monoscope tube,
the scanning generators, the video output amplifiers, and the
high volitage power supply for the monoscope tube. This equip-
ment is built on the familiar recessed bathtub type of chassis
which fits into a standard nineteen-inch rack. All tubes and
large components are located on the front of the chassis, while
the wiring and smaller components are on the rear. The con-
trols are grouped on a narrow control panel along the bottom
of the chassis. When installed and in operation, the front is
covered by a large cover plate which conceals everything but
the control panel. This cover plate is interlocked to protect
operating personnel from the high voltages present in the
equipment.

The monoscope tube in the TK-1A is mounted in a vertical
position at the left of the chassis. The upper part of the tube
is enclosed in a mu-metal shield. The magnetic deflecting coils
are mounted within the shield, and are attached to it. By dis-
connecting the tube socket, anode, and signal leads, the whole
assembly—tube, coils, and shield—may be swung outward. This
arrangement allows the tube to be changed very easily, and,
at the same time, is very economical of rack space.

The monoscope tube ordinarily used in the TK-1A is an
RCA-2F21. This tube provides a pattern which combines the
features of several previously used tubes. It shows the follow-
ing details of the quality of reproduction in a given television
system: scanning symmelry, resolution in both vertical and
horizontal directions, shading and reproduction of isloated de-
tails. In addition it provides a pattern to facilitate proper
adjustment of contrast and brightness.

The Vertical Deflection Generator consists of four tubes and
associated circuits. The first of these tubes amplifies the driving
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signal received from the synchronizing generator and generates
a sawtooth voltage wave which is amplified in the second,
third, and fourth tubes. The output is applied to the magnetic
deflecting coils of the monoscope tube. Negative feedback is
employed to improve scanning linearity.

The Horizontal Deflection Generator includes three tubes and
associated circuits. The first tube is the driving signal input
amplifier and sawtooth voltage generator; the second and third
tubes amplify the output wave and feed it to the horizontal
deflecting coils of the monoscope tube.

The Blanking Amplifier is used to provide the proper level
and polarity of the blanking pulses received from the syn-
chronizing gencrator before these pulses are fed into the
Video Amplifier for mixing with the video signal.

The Video Amplifier includes six stages of video amplifica-
tion—together with a clipper stage which is inserted between
the fifth and sixth stages. The monoscope output signal is fed
directly into the first stage of this amplifier, and the blanking
signal is introduced in the output of the fourth stage. The
output of the fifth stage (which contains both video and
blanking signals) is fed to a clipper stage which adjusts the
height of the blanking “pedestals”. The clipper feeds an out-
put stage which consists of two tubes having their grids tied
in parallel, but with the plate circuits separate. This provides

two separate outputs—one of which may be used to feed a
monitor, while the other is usually connected to a distribution
amplifier.

Specifications

Output Voltage
Power Supply Required:
Blanking, Horizontal Drive and Vertical Drive
Pulse Inputs (neg. polarity).
Resolution Capability
Power Consumption:

1.5 volts peak to peak

3.5 to 5 volts
At least 450 lines

110-120 volts a-c 60 cycles 100 watts
280 volts d-¢ (from Type 580-C Power Supply) 200 ma.
Dimensions 17%” high, 19”7 wide, 11” deep
Weight 55 lbs.
Tube Complement:
6 RCA 6ACT 1 RCA 8016
1 RCA 6H6 1 RCA 6Y6
3 RCA 6AG7 1 RCA 6V6-GT
3 RCA 6SL7-GT 1 RCA 2F21
Stock Identification MI-26960

Accessories
Tube Kit (complete tube complement) _ MI-26679

VERTICAL
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BLOCK DIAGRAM OF THE TYPE TK-1A MONOSCOPE CAMERA
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Synchronizing Generator Type TG-1A

Features

e Special circuits which maintain the timing of the leading
edges of the equalizing pulses, the horizontal synchroniz-
ing pulses and the vertical synchronizing pulses, with ex-
treme accuracy.

e An improved locking circuit for synchronizing the gen-
erator with the 60-cycle power supply—or with a remotely
generated synchronizing wave form.

e Use of circuits which are relatively insensitive to large
changes in tube characteristics, so that ageing of tubes will
not affect operation of the equipment.

e Operation of all tubes in extremely conservative manner,
so that a very long, useful life may be expected.

e Wiring which has been greatly simplified by carefully
grouping components so that all leads are very short.

e A built-in oscilloscope which, by means of a selector
switch, can be used to check the step-down ratio of any
of the frequency-dividing counter circuits.

e A regulated plate voliage power supply unit which, with
the other panels, is mounted in place and wired at the
factory. The unit is ready for operation immediately on
installation.

Uses

The TG-1A Synchronizing Generator is designed for use in
television transmitting stations as a source of synchronizing
pulses for the studio and film cameras, the monoscope camera,
the monitoring oscilloscopes, and the mixing amplifier (which
adds the synchronizing pulses to the transmitted video signal).
In laboratories and factories it is used in conjunction with a
monoscope camera to furnish a complete RMA standard video
signal voltage which can be used in the development and
production testing of television receivers.

Description

The Type TG-1A Synchronizing Generator is an integral unit
complete with power supply. It is assembled in a standard
cabinet-type rack which is 84 inches high, 22 inches wide and
18 inches deep. The rack has front and rear doors which open
the full length and width of the unit. This type of rack has
been standardized for all RCA television, broadcast, and com-
munications terminal equipment. Moreover, all RCA Tele-
vision and FM transmitters are made up of racks which are
similar in appearance, construction and height (although of
greater width). Therefore, the TG-1A Generator, and other
units mounted in similar racks, may be installed as needed,
with assurance that they will match in appearance, other ter-
minal and transmitting units which may be added later.

The 60 tubes and other components which make up the cir-
cuits of the TG-1A Generator are mounted on bath-tub type
chassis which are placed in the cabinet vertically, as shown
in the illustration. A 293/ inch chassis at the top of the cabinet
contains the “pulse forming” circuits. Immediately below is a
similar chassis containing the “pulse shaping” circuits. The
1014 inch chassis near the bottom is a standard Type 580-C
Power Supply Unit, and just below is a 13} inch chassis con-
taining electrolytic filter capacitors.

All of the controls, tubes and major components are mounted
on the front of the vertical chassis. Thus, all ordinary adjust-
ments, as well as routine checks, can be made by opening the
front door. Since no high voltages are exposed on the front of
the chassis, this door is not interlocked. Wiring and minor
components, such as small capacitors and resistors, are on
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the back of the panels, and are accessible through the rear
door. All terminals are in the clear, and components are
identified so that circuit testing, when required, is relatively
easy.

Electrically, as well as mechanically, the TG-1A Generator is
divided into two main sections. The first section comprises the
“pulse-forming” circuits while the second section comprises
the “pulse-shaping” circuits. The “pulse-forming” unit gen-
erates all of the different timing frequencies which are re-
quired by the system. It also provides a means whereby these
frequencies (which are all derived from a single master
oscillator) may be “locked in”, either with the local 60-cycle
power line frequency, with a crystal oscillator, or with some
other external source, such as a remotely generated synchroniz-
ing wave form. The “pulse-shaping” unit forms the pulses into
the proper wave shapes and combines them as required to
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provide the five different signals listed below. These signals
are fed to ten output connectors located on a subpanel at the
base of the “pulse-shaping” unit.

It is intended that RG11/U or RG59/U concentric lines be
used between these points and the studio cameras, mixing
amplifiers, etc. Two coaxial output connections are provided
for each signal so that output of either negative or positive
polarity is available. When more than one equipment is fed
from a single output, a distribution amplifier, such as the
Type TA-1A, should be employed in order to isolate the
circuits.

Regulated plate voltages for the “pulse-forming” and “pulse-
shaping” units are furnished by the Type 580-C Power Supply.
Filament voltages are provided by transformers mounted on
the units themselves. All a-c power input to the cabinet is
controlled by the circuit-breaker switch at the bottom of the
“pulse-shaping” unit.

The Type TG-1A Synchronizing Generator furnishes all of the
timing pulses required in a complete television system. These
pulses are accurately timed with relation to each other, and
are carefully controlled as to wave form in accordance with
the standards adopted by the RMA. The five different output
signals which are generated will provide all of the timing and
synchronizing requirements of a standard 525-line, 30-frame,
interlaced television system. These five output signals are:

(1) HORIZONTAL DRIVING SIGNAL

This consists of short-duration, square-wave pulses at hori-
zontal scanning frequency (15,750 cycles). These pulses are
used to “trigger” the saw-tooth wave generator (in the camera)
w}lx]ich supplies the horizontal scanning voltage for the pickup
tube.

(2) VERTICAL DRIVING SIGNAL

This consists of square-wave pulses of somewhat longer dura-
tion which occur at vertical scanning frequency (60 cycles).
These pulses are used to “trigger” the saw-tooth wave gen-
erator (in the camera) which supplies the vertical scanning
voltage for the pickup tube. The width of these pulses is
sufficient to blank out the vertical return trace of the camera
tube.

(3) SYNCHRONIZING SIGNAL

This is the signal which must be added to the camera picture
signal before it is transmitted in order to synchronize the
scanning action in the receiver. It is a composite signal con-
sisting of (a) short-duration, horizontal synchronizing pulses
at 15,750 cycles, (b) longer duration, vertical synchronizing
pulses of the “serrated” type at 60 cycles, and (c) a series
of six short-duration, equalizing pulses just preceding each

vertical pulse interval and six more following it. All of these
have the timing and wave shape prescribed by the RMA
Standards.

(4) KINESCOPE BLANKING SIGNAL

This signal is added to the transmitted video signal in order
to blank out the return trace in the receiver picture tube
(kinescope). It consists of square-wave pulses at horizontal
scanning frequency (15,750 cycles) and vertical scanning fre-
quency (60 cycles). These pulses are of longer duration than
the synchronizing pulses and are transmitted at approximately
“pblack” level. They form the “pedestals” on which the syn-
chronizing signals are placed.

(5) OSCILLOSCOPE DRIVING SIGNAL

This signal consists of pulses at half horizontal (7,875 cycles)
and half vertical (30 cycles) frequencies. They are used to
trigger the saw-tooth generator in the monitoring oscilloscope,
thus providing (for “wave form” monitoring) oscilloscope
patterns which are two lines or two fields in length.

Specifications
Output Voltages

Synchronizing Signals (pulses as shown above black level in
the FCC drawing below)
4 volts, peak-to-peak across 75 ohms
Kinescope Blanking Signal (pulses as shown below black
level on FCC drawing below)
4 volts, peak-to-peak across 75 ohms
Horizontal Driving Signal (for actuating camera horizontal
scanning circuits) 4 volts, peak-to-peak across 75 ohms
Vertical Driving Signal (for actuating camera vertical scan-
ning circuits)______4 volts, peak-to-peak across 75 ohms
Oscilloscope Driving Signal
(for actuating oscilloscope for wave form monitoring)
8 volts, peak-to-peak across 75 ohms

Power Supply Required

From 120 volt, 60 cycle, single phase line 450 watts

Dimensions

Mounted in Cabinet_______ 84" High, 22” Wide, 18” Deep
Unmounted Rack Units 77" High, 19”7 Wide, 1214” Deep

Weight (in cabinet) 375 lbs.
(unmounted) 160 lbs.
Stock Identification MI-26915

Accessories

MI-30536-G84
MI-30541-G84
MI-30596

Front Door
Side Panel (single)
Monogram
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Distribution Amplifier Type TA-1A

Features

Equally useful as distribution, mixing or isolation amplifier.
Five amplifiers on one chassis.

Bridging inputs.

Excellent isolation between units.

Positive or negative polarity.

Standard “bath tub” type chassis.

Accessible mounting arrangement.

Uses

The Type TA-1A Distribution Amplifier may be used in any
one of the three following applications: (a) to feed video or
synchronizing signals from a single source to several separate
outlets; (b) to mix video signals from several sources in order
that they may be fed to a single output line; (¢) as a straight-
forward isolation amplifier requiring voltage gain of not over
15 db, by paralleling all five channels. The wide variety of
possible uses of this equipment makes it equally adaptable to
test bench, laboratory, or television transmitting installations.

Description

The equipment consists of five separate video isolation ampli-
fiers mounted on a single chassis. These amplifiers are of the
bridging type, and have relatively high input impedance, per-
mitting a number of them to be paralleled across a video
line with a minimum disturbance to the driving source. Each
amplifier delivers, to a 75 ohm output line, a signal of the
same level and polarity as it receives.

When the amplifiers are used to feed several output lines, the
inputs being paralleled, there is a high degree of isolation be-
tween lines and between any individual line and the source.
Thus, disturbances, short circuits, equipment failures, or the
like on one line will not be reflected onto the other lines.
This is of considerable value to good overall operation in any
television installation.

The components of the TA-1A are assembled on a chassis of
the recessed, or “bath tub” type. All tubes and other large
components are mounted on the front of the chassis, with the
resistors and other small components on the rear. This type
of construction provides neat appearance, convenient operation
and maximum accessibility. The chassis is standard rack width
and is designed to mount in either an enclosed cabinet type
rack or a standard open type rack. In the latter case a cover
panel may be used, if desired.

2J4905-Q
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Each of the five amplifiers consists of two stages. The two
tubes and other components which make up each amplifier are
arranged in a row across the chassis. Each amplifier is pro-
vided with a gain control so that the gain may be varied from
approximately .9 to 1.1. This feature is especially convenient
when it is desired to equalize accurately the levels on the
several output lines.

The input and output connections on the rear of the amplifier
are designed to accommodate standard fittings for either
RG 11/U or RG 59 /U coaxial lines. Two connectors are pro-
vided for each input and each output to facilitate interconnect-
ing the sections. This amplifier may be used at any point in
a television system regardless of whether the polarity at that
point is positive or negative. An adjustment is provided for
re(l]ucing the low frequency phase distortion to a negligible
value.

A built in filament transformer provides filament voltages for
all tubes. Plate voltages are obtained externally, preferably
from a well regulated power supply such as the Type 580-C.
Power connections are made by means of a standard cable
receptacle at the lower left of the chassis.

Specifications

Number of Amplifiers Five
Voltage Gain, Each Amplifier Adjustable 9 to 1.1
Frequency Char —+1 db to 10 mec, and adjustable to

ideal 60 cycle square-wave response
2 volts, peak-to-peak
2 volts, peak-to-peak

Input Signal Level (max.)
Output Signal Level (per section)

Input Impedance Bridging
Input Capacity (on two cable sockets). 40 mmf
Input Polarity. Positive or negative
Output Load Impedance 75 ohms

Output Polarity Positive or negative
Power Supply Required

a-c 110-120 volts, 60 cvcles 50 watts

d-c 280 volts (Type 580-C Supply) 260 ma
Tube Complement 5 RCA 6ACT7,5 RCA 6AG7
Dimensions 1214” high, 19” wide, 8” deep
Weight 28 1bs.
Stock Identification MI-26155

Accessories
Tube Kit (complete tube complement) —__ MI-26676

RINTE,
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Regulated Power Supply Type 580-C

(General Purpose)

Features

e Extremely well-regulated output.

e Unusually low output ripple.

o Low internal d-c resistance.

e Components and connections easily accessible.

e Compact and neat in arrangement.

Uses

The RCA Type 580-C Regulated Power Supply fills the need
for a well-regulated sourca of d-c at loads of 50 to 400 milli-
amperes. The output is adjustable between 260 and 295 volts,
with variations of less than 0.25 volts from minimum to maxi-
mum load. Thus it is suitable for laboratory, industrial, and
communications applications in which an unusually well-regu-
lated source of d-c¢ is required. As a-c ripple in the output
is less than 0.005 per cent, the output voltage may be used
for most purposes without additional filtering.

The Type 580-C is especially suited for use with RCA
television equipment, which it matches in appearance and
construction.

Description

The regulating circuit employed in the 580-C is of the series
type. The d-c internal resistance is less than 0.7 ohms.
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This Power Supply is assembled on a recessed chassis of the
“bath-tub” type. Tubes and filter condensers project from the
front of the chassis, while transformers, resistors, and wiring
are at the rear. The chassis is standard rack width and may be
mounted either in one of the new enclosed-type RCA cabinet
racks, or on a standard “open-face” rack. In the latter event
a blank panel may be mounted over the Power Supply if
desired. Controls are centralized on a small, plainly-marked
panel at the bottom of the unit. In addition to the power
“on-off” switch there is provision for switching from a load
range of 50-80 ma. to 80-400 ma., as well as a potentiometer
for adjusting output voltage. A meter selector switch and a
meter jack provide for plugging in a meter to read individual
tube plate currents, output current, and output voltage. A
special meter (MI-21200-C) is available for this purpose.

Specifications

Output Voltage
Output Current
D-C Regulation

Adjustable 260 to 295 volts
50 to 400 ma.

Less than 0.25 volts, minimum
to maximum load

Less than 0.005 per cent
110-120 volts, 50-60 cycles
370 watts (maximum)

A-C Ripple
Power Supply.
Power Input

Tube Complement:

2 RCA 0D3 /VRI150 1 RCA 6SL7GT

2 RCA 5U46 6 RCA 6Y6G
1 NE 32
Dimensions 10Y%” high, 19” wide, 12" deep
Weight 58 lbs.
?R\TNTED
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Regulated Power Supply Type WP-33A

(Heavy Duty)

Features

e Extremely well-regulated output.

e Unusually low output ripple.

o Low internal d-c resistance.

o Components and connections easily accessible.

e Kinescope centering-voltage supply included.

e Compact and neat in arrangement.

e Output voltage during starting does no exceed final regu-
lated value.

Uses

The RCA WP-33A Power Supply is intended for laboratory,
industrial and communications applications requiring a well-
regulated source of d-c voltage at loads of 200 to 600 milli-
amperes. The output is adjustable between 260 and 295 volts,
and varies less than 0.20 volts from minimum to maximum
load. A-C ripple in the output is less than 0.005 per cent, so
that the output voltage may be used for most purposes with-
out additional filtering.

The Type WP-33A is especially suited for use with RCA

television equipment, which it matches in appearance and
construction.

Description
The regulating circuit employed in the WP-33A is of the series

type. The d-c internal resistance of this Power Supply is less
than 0.5 ohms.
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The WP-33A is assembled on a recessed chassis of the “bath
tub” type. Tubes, filter condensers, and transformers project
from the front of the chassis, while transformer terminals,
resistors, and wiring are at the rear. The chassis is standard
rack width and may be mounted in one of the new enclosed-
type RCA cabinet racks or on a standard “open-face” rack. In
the latter event, a blank panel may be mounted over the Power
Supply if desired.

Controls are centralized on a small, plainly-marked panel at
the bottom of the unit. In addition to the power “on-off”
switch, there is a potentiometer for adjusting output voltage.
A meter selector switch and a meter jack make provision
for plugging in a meter to read individual tube plate cur-
rents, output current, and output voltage. A special meter
(MI-21200-C) is available for this purpose.

Specifications

Output Voltage
Output Current
D-C Regulation

Adjustable 260 to 295 volts
200 to 600 ma.
Less than 0.20 volts, minimum

to maximum load
Less than 0.005%
105 /125 volts, 50 /60 cycles
450 watts (maximum)

A-C Ripple
Power Supply
Power Input

Tube Complement:

4 Type 5V4G 3 Type 6AS7TG

1 Type 6SL7GT 2 Type 0D3 /VRI150
Dimensions 14” high, 19” wide, 9” deep
Weight 82 lbs.

RINTE
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Stabilizing Amplifier Type TA-5B

Features

o Combines sync with video signals; separates sync from
video signals.

e Corrects defective video signals, eliminates hum and low-
frequency distortion.

® Improves the signal-to-noise ratio of the sync signal.

e Operates on signal levels as low as 0.25 volts peak-to-peak.

o Restores sync to standard 25% levels in signals where sync
is as low as 15%.

e For special transmission requirements, can produce 50%,
or 1.5 v. of sync.

e Has two identical 75-ohm outputs.

e Power requirements are low.

e Bath tub type chassis mounts on standard rack.

e Remote control available for “Pict. Gain,” “Pict. Clipper”
and “Sync Level.”

Uses

The TA-5B Stabilizing Amplifier is a unit designed to cor-
rect, automatically, faulty video television signals which may
have become defective in their transmission from the pickup
device to the input of the transmitter. It is also used with
the RCA Studio Switching Equipment to combine the sync
signal with the video signals from the cameras.

The common sources of disturbance in any television system
may be classified as follows:

1. Hum or surges originating in power supplies and other
random disturbances created by high-impedance grounding
circuits, long cable sheaths, etc.

2. Circuit saturation, with resultant destruction of the proper
sync-picture ratio.

. Switching surges. including the shifting of patch cords.

4. Low-frequency distortion introduced by coupling circuits
with inadequate time constants.

w

Elimination of these spurious disturbances at their source is
often difficult and sometimes impossible. They must be elim-
inated, however, because in many cases not only is receiver
operation impaired, but proper modulation of the transmitter
will be affected. The Stabilizing Amplifier is capable of cor-
recting any one or all of these faults simultaneously, thus
producing a signal which is suitable for modulating the
transmitter.

Description

The TA-5B Stabilizing Amplifier employs 19 tubes. Nine of
these are used in a 6-stage picture amplifier which has two
identical output stages for supplying signal to the transmitter
and to a picture monitor. The remaining tubes are employed
as sync separators, keyers, shapers, clampers, and tubes for
adding synec.

A two-position attenuator at the input accommodates a range
of input signals from 0.25 volt to 2 volts, peak-to-peak. The
output of the amplifier is designed to deliver the standard
level of picture and blanking signal (1.5 volts peak-to-peak)
with a maximum sync of 1.5 volts peak-to-peak. The amount
of sync can be adjusted independently to any value between
0.2 and 1.5 volts, peak-to-peak.

The first three stages provide linear amplification of the in-
coming signal; while the fourth stage amplifies the sync
pulses by a larger factor than it amplifies other parts of the
signal. Three tubes are employed in this fourth stage. One
operates as a normal amplifier and contributes signal through-
out the useful portion of its characteristic curve. The second
tube of the trio clamps the black level at a fixed point on the
characteristic curve of the third tube, however, so that it
operates only at grid levels above the blanking signal, ampli-
fying only the sync signals. Since clamping action is inde-
pendent of the signal, spurious additive components (at low
frequencies) are eliminated from the sync amplifier.
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Amplified sync thus passes on to the fifth (clipper) stage of
the amplifier which clips off the sync in accordance with its
grid bias adjustment, yielding the desired sync-picture ratio
at the output of the fifth stage. As is the case in the non-linear
amplifier just described, the grid of the clipper is also clamped
at black level so that the absolute amplitude of the sync
pulses is fixed and independent of variations in the average
amplitude of the picture signal. In this stage also, spurious
components are eliminated from the picture and blanking
portions of the signal.

The sixth and last stage comprises the two output amplifier
tubes, one for the transmitter and one for the monitor. The
grids of these tubes are in parallel and their plates are coupled
separately to two output connectors for 75-ohm coaxial lines.
When output higher than the 1.5 volt peak-to-peak is desired,
the two outputs can be paralleled to give almost double the
signal obtainable from either one alone.

Filament power for all tubes is provided by a transformer
mounted on the chassis. Plate voltage must be obtained from
an external regulated power supply such as the RCA Type
580-C. All external power connections are made through a
6-pin plug and receptacle. One side of the primary line to the
filament transformer is fused.

The TA-5B Stabilizing Amplifier is mounted on a recessed
chassis for standard rack-mounting. Therefore, it can be
mounted in the transmitter room or studio control room with
other rack-mounted equipment

w%‘&??gteamPowered Radio.Com

Specifications
Input Signal Voltage

Min 0.25 volts, peak-to-peak

Max 2.5 volts, peak-to-peak
Permissable Input Signal-to-Noise Ratio

(a) High-Frequency Noise 2

(b) Low-Frequency Noise (hum) 1.3

Qutput Signal Voltage

(a) Picture and Blanking

(b) Sync (Max.)
Output Impedance
Frequency Char.
Power Requirements

(a) A.c—_100-120 volts, 50/60 cycles, 5 watts, fuse

rating, 1 amp.

1.5 volts, peak-to-peak
1.5 volts, peak-to-peak
75 ohms
+1 db to 8 me

(b) D-c 280 volts, 235 ma., regulated
(RCA Type 580-C or equivalent)

Dimensions
Height 101%"
Width 19~
Depth 854"
Weight 17 1bs.

Finish (front of chassis)
Tube Complement

Light umber gray

1st Picture Amplifier__ 1.RCA 6SK7

2nd ¢ < _ 1-RCA 6ACT

3rd ¢ 5 . 1-RCA 6AGT

4th “ “ e e T RECA 6AGT

5th Picture Amplifier (Sync Clipper) _1-RCA 6AC7

Picture Clipper 2-RCA 6ACT

Main Output 1.-RCA 6AG7

Monitor Output 1.RCA 6AG7

1st Amplifier—Sync Channel . 1-RCA 6AC7

Sync Separator. 1-RCA 6AC7

Pulse Former. 1-RCA 6SN7-GT

Keying Pulse Driver 1.-RCA 6AGT7

Clamp Diodes_ 3-RCA 6H6

Sync-Inserter Amplifier_ . 1-RCA 6AC7

Sync Clipper and Transient Sup 1-RCA 6SL7-GT

Voltage Regulator 1-RCA OD3/VR-150
oRINTEL

U.s. A
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Studio Camera Switching Equipment Type TS-10A

Features

e System will accommodate six signal inputs.

e Manual fading control allows choice of any fading speed.

e Remote signals can be previewed before being switched
on-the-air.

e Full complement of tally lights.

e Tally lights at on-the-air cameras are activated by the
switching system.

e Local sync automatically added when remote sync fails.
e DPrivate or conference communication can be maintained
between all stations.

e Intercommunication can be operated with other equipment
off.

e All personnel have access to program sound.
e Stabilizing amplifier automatically corrects picture-syne
ratio for transmitter.

Uses

The TS-10A Studio Camera Switching System is designed for
use by television stations obtaining video signals from more
than one line. Briefly, the TS-10A will allow a single video
operator to do these things: (1) Select any signal from six
input lines; (2) switch the desired signal into the on-the-air
line; (3) fade or dissolve two signals simultaneously at any
speed; (4) fade in or fade out any one signal; (5) switch
instantaneously from one signal to another; and (6) super-
impose two signals with any desired degree of magnitude for
each signal.

Intercommunication circuits in the TS-10A allow program per-
sonnel two-way conversation. In addition, volume-controlled
program sound is supplied to all personnel through one ear-
piece of their headset.

Description

The TS-10A Studio Camera Switching Equipment consists of
the switching amplifier chassis-type unit, a TM-5A Master Mon-
itor, two WP-33A Power Supplies and a TA-5B Stabilizing
Amplifier. The switching amplifier is mounted in the lower
compartment of an RCA desk-type console section, and the
TM-5A Master Monitor is mounted above it. The TA-5B
Stabilizing Amplifier and WP-33A Power Supplies are also
chassis-type units designed for mounting in a standard equip-
ment rack.

B

Close-up of TS-10A Control Panel
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The controls for the switching amplifier project through the
inclined top panel of the desk. These controls consist of two
banks of pushbuttons from which the on-the-air signal is
selected, two toggle switches for controlling local and remote
sync, gain controls for two remote input lines, a three-position
switch for selecting either the on-the-air signal or one of the
two remote signals for preview display on the monitor, fading
and dissolving controls, and tally lights showing which inputs
are being used.

The switching amplifier consists of 3 two-stage picture ampli-
fiers and 2 two-stage sync relay interlock amplifiers. Two of
the picture amplifiers have their inputs connected to separate
banks of camera selector switches. They have common outputs,
however, so that they can serve one camera singly or two
cameras together in a lap-dissolve or superimposition. The
third picture amplifier feeds the monitor input. The two sync
amplifiers automatically add local sync to the video signal when
remote sync fails or when local sync is otherwise required.

Specifications

Power Line Requirements

100-120 volts, 50 /60 cycles, 1060 (max.) watts

(includes power required by the two WP-33A Power Supplies)
Input Signal:
Local Input

(video from camera control)

Auxiliary Input (as remote)

1.5 v. peak-to-peak

___1.5 v. min. peak-to-peak
video, 18-33% sync

Input Impedance:
Local Input
Auxiliary Input

(as remote)

Output Impedance

Mechanical Specifications (Console Section) :

Dimensions (overall). 41" High, 13” Wide, 6” Deep

75 ohms

75 ohms, variable line termination
75 ohms

Weight 46 1lbs.

Finish Dark umber gray
?“‘:*NTEO
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Portable Monitor Type TM-15A

Features

e Cabinet requires minimum floor space.

e Rubber-tired wheels assure quiet, easy movement from place
to place.

e Inclined panel is at convenient height for observation from
standing position.

e Monitor operates with synchronized picture input, or with
separate video signal inputs.

o Video waveforms can be displayed and component voltages
measured.

Uses

The Portable Monitor consists of a chassisstype TM-5A Master
Monitor and WP-33A Regulated Power Supply mounted in an
upright cabinet fitted with rubber-tired wheels. The portable
monitor can be wheeled about the television control room or
transmitter room and connected to various points in the video
circuit to obtain a large bright picture of the video signal.

IN THE STUDIO CONTROL ROOM, the Portable Monitor is
a valuable adjunct to the monitors in the video console. It
enables operating personnel to observe the composite video
signal at points along the program line which are not wired
into the console. Or, in station layouts where few console
monitors are employed, the Portable Monitor may be cut in
at various points to observe the picture without the need
for switching monitors from circuits requiring continuous
observation.

IN THE TRANSMITTER ROOM, the monitor in the trans-
mitter console can be switched to the input of the transmitter,
the output of the modulator, or the output of the transmitter
(if a picture demodulator is used). However, by use of the
Portable Monitor, the signal can be monitored at one point
while the console monitor is simultaneously reproducing the
signal obtained at another. Thus, accurate comparisons can
be made of the reproduced signal at various stages of its
transmission. The Portable Monitor is also useful in monitor-
ing signals at rack-mounted units such as the relay receiver,
stabilizing amplifier, distribution amplifier, monoscope cam-
era, etc.

Description

The cabinet is of convenient height for the operator to ob-
serve from a standing position the picture appearing on the
screen at the top of the inclined panel. All controls for the
monitor are easily accessible on this panel, and a 5-inch
oscilloscope screen at the bottom of the panel permits the
operator to make amplitude measurements of components of
the picture signal. Ample space in the bottom compartment
of the cabinet is provided for mounting the WP-33A Regulated
Power Supply which furnishes plate and screen voltages for
the monitor circuits.

Input circuits of the Monitor can be permanently wired into
selected points in the circuits, or fitted with a flexible cable
with test probes for picking up the video signal at any number
of points. Combinations of these two methods are also possible.
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Specifications

Frequency Response:
Kinescope Amplifier
Oscilloscope Amplifier—__

Input Impedance:

Kinescope Input High
Oscilloscope Input High

Signal Input Range:

Kinescope Input
Oscilloscope Input

Power Required:

105-125 volts, 60 cvele, single phase. 250 watlts
(280 volt d-c plate and —7 volt d-c centering voltages are
obtained from the WP-33A Power Supply which requires
450 watts).

Dimensions Overall 491" high, 21”7 wide, 284" deep
Weight 310 Ibs.

Tubes Required (Monitor Chassis) :

1 RCA-5CP1-A

—+1 db to 6 me
Down 6 db. at 44 me

0.75 to 3.0 volts
0.75 to 3.0 volts

10 RCA-6SN7GT

1 RCA-1816P4 1 RCA-6SL7

3 RCA-6ACT 2 RCA-6BG6-G

6 RCA-6AGT 1 RCA-6AS7G

2 RCA-6AL5 2 RCA-1B3GT /8016
?R'Y'NTED
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Television Relay Transmitter Type TTR-1B

Features

e Complete transmitting system.

e Suitable for permanent installation.

e Completely portable for field pickups.

e Superfrequency operation permits simplified circuits and
small physical size.

e Flexibility of operation.
e Lightweight.
e Optional console operation.

e Highly directional antenna.

Uses

The Type TTR-1B Relay Transmitter, when used with a Type
TRR-1A Relay Receiver, constitutes a highly directional wide-
band relay link especially suited to the transmission of tele-
vision video signals. Such a link circuit has two important
applications which are:

(a) FOR STUDIO-TO-TRANSMITTER CIRCUITS where
conditions of terrain, distance, or right-of-way make it more
convenient or economical than a coaxial line. For such use
the transmitter and parabolic antenna units will be permanently
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mounted on the roof or other high location near the studio
and the transmitter control unit will be mounted, ordinarily,
on the equipment racks in the studio control room. The re-
ceiving equipment will be permanently located at the trans-
mitter site.

(b) FOR FIELD PICKUPS as a means of transmitting the
video signal back to the studio when no coaxial line or satis-
factory wire line is available for the purpose. In this case,
the rotatable tripod mounting illustrated will ordinarily be
used. The antenna will be located on some high point, such
as the top of a stadium where there is a line-of-sight path to
the receiving antenna at the studio. The transmitter control
unit will be located with the camera control equipment as,
for instance, in the radio booth or in the field truck or
mobile unit.

Description

The TTR-1B Relay Transmitter is a complete, transportable
lransmitting system consisting of (1) a transmitter, (2) a
highly directional antenna, (3) a rotatable antenna mounting
unit, and (4) a transmitter control unit. These uniis are de-
signed to work together, and may easily be set up and con-
nected by means of plug-in cables.
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The transmitter is contained in a cylindrical weatherproof
housing attached to the rear of a parabolic reflector. It utilizes
a klystron oscillator which is frequency-modulated by varia-
tions of the negative voltage on the repeller plate. It has a
power output of approximately 100 milliwatts, operating at
any selected frequency between 6500 and 7050 megacycles.
The normal frequency deviation is 12 me. with polarity such
that a video signal in the white direction produces an increase
in frequency. The output is fed to the parabolic reflector by
means of a wave guide. Coupled into this wave guide system
are an absorption type wavemeter, and a crystal detector mon-
itor. The wavemeter is preset to any desired frequency. The
d-c from the crystal detector may be measured either at the
transmitter or at the transmitter control unit as a rough indi-
cation of relative power output. The a-c component of the
crystal detector output is amplified and fed over a coaxial
line to the transmitter control unit where it serves during pre-
liminary adjustment to indicate the correct frequency, and
during operation, to indicate proper centering of the signal
around the resonant frequency of the klystron cavity. Filament
power for the tubes in the transmitter is supplied from a
small filament transformer on the same chassis. All other volt-
age supplies are received on the transmitter chassis which are
accessible by removing the protective cover over the cable
input connection. By plugging in a suitable meter in the proper
jack, it is possible to measure the current through modulator
tube, and the oscillator tube. Another jack is provided so that
a telephone handset can be plugged into the unit for com-
munication with the transmitter control unit location.

The parabolic antenna provides a very high gain in the direc-
tion of transmission. The four foot size (illustrated) has a
gain of approximately 5000, thereby giving an equivalent power
output of 500 watts. The parabola is also available in the six
foot size, with approximately twice the gain, for use in com-
municating over greater distances. Transmission is limited to
a line-of-sight path, and under normal conditions, a range of
10 to 15 miles may be expected with a satisfactory signal to
noise ratio.

The antenna and transmitter are mounted on a standard ro-
tatable camera tripod mounting unit. This mounting unit may
be accurately adjusted over wide vertical and horizontal angles.
For fixed installations, a different type of mounting, providing
only small adjustments of angle, is available.

The transmitter control unit is housed in a small, easily-
carried, portable cabinet with a convenient handle on the
top. The controls are accessibly located on a control panel on
the side of the cabinet. This control unit may be located up

2J4905-W .
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to 400 feet away from the transmitter. It contains all the neces-
sary operating and monitoring controls, and after initial ad-
justments of the transmitter and antenna have been made, all
operations may be carried on from this unit. It also contains
a regulated B+ supply for operation of the transmitter tubes,
and a regulated negative supply for the klystron repeller
plate. For greater operaling convenience, provision is made
for extending the operation of the controls necessary for
routine adjustments of the transmitter to a monitoring console.

Specifications

Frequency Range

6800-7050 mec.
100 milliwatts

Power Output

Antenna Gain

4 ft. reflector 4,500

6 ft. reflector 10,000
Frequency Deviation for 100% Modulation 10 me.
Video Input Impedance 75 ohms
Video Frequency Range 60 cycles to 6 mec.
FM Noise Level Below -+=10 me Swing —32 db
AM Noise Level Below (Maximum) Modulation —40 db
Power Supply Requirements:

110 volt, 60 cycles a-c 150 watts

Tube Complement:

Transmitter
1—6AG7 1—6H6
2—6SL7GT 1—2K26
Transmitter Control Unit
1—6AG17 1—-5V4G
2—6X5GT 1—6AS7G
4—VRI150 1—6SL7GT
Reflector Dimensions: Diameter ~ Focal Length  Depth
4 14.5” 10”
6 217 14”

Transmitter

13” Diameter, 17” Long
Transmitter Control Unit:

Carrying Case___ 20" Long, 19” High, 13”7 Wide

Standard Rack Space 1015"”
Finish Two-tone umber grey
Weights:

Transmitter and Housing_ 26 lbs.

Transmitter Control Unit 38 Ibs.
Stock Identification MI-26935
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Television Relay Receiver Type TRR-1B

Features

e Complete receiving system.

e Suitable for permanent installation.
e Completely portable for field use.
o Lightweight.

e Optional console operation.

e Effective automatic frequency control.

Uses

The Type TRR-1B Relay Receiver, when used with a Type
TTR-1B Relay Transmitter, constitutes a highly-directional
wide-band radio link especially suited to the transmission and
reception of television video signals. Such a link circuit has
lwo important applications which are:

(a) FOR STUDIO-TO-TRANSMITTER CIRCUITS where con-
ditions of terrain, distance, or right-of-way make such a sys-
tem more convenient or economical than a coaxial line. For
such use the antenna of the TRR-1B is located on a tower or
other high point near the transmitter building in a fixed posi-
tion directed toward the TTR-1B Transmitter located at the
studio. The receiver control unit and power supply unit are
ordinarily mounted on equipment racks in the transmitter
control room.

(b) FOR FIELD PICKUPS where a TTR-1B Transmitter,
arranged for portable use, is employed to send the video
signal back to the studio (instead of wire or coaxial lines).
In this case a rotatable mounting such as that illustrated will
ordinarily be used (since there will be pickups from various
directions). For temporary use, the tripod mounting may be
used. When the equipment is used frequently, a more per-
manent mounting is desirable. In any event it must be high
enough to provide a line-of-sight path to the transmitting an-
tenna location.

Description

The TRR-1B Relay Receiver is a complete (transportable, if
desired) FM receiving system covering of frequency range of
6500-7050 megacycles. It consists of (1) a receiver, (2) a highly
directional antenna, (3) an antenna mounting unit which may
be either fixed or rotatable, (4) a receiver control unit, and
(5) a regulated power supply unit. These units are easily set
up and connected by means of convenient plug-in cables.

The signal is picked up on the highly directional, high gain
(4500) parabolic antenna and fed into the receiver. The re-
ceiver is contained in a cylindrical, weatherproof housing at-
tached to the back of the parabolic reflector. This housing
contains a klystron tube heterodyne oscillator, a crystal mixer
circuit, and five stages of the receiver i-f amplifier. This pro-
vides an output signal of about 50 millivolts at an if center
frequency of 120 me. This signal is fed to a coaxial line lead-
ing to the receiver control unit. The receiver has a built-in
transformer which supplies filament power to all tubes. All
other voltages are obtained from the power supply by way of
the receiver control unit. The equipment is provided with an
intercommunication system so that handsets may be plugged
in and operators may communicate between the receiver and
the receiver control unit.

The receiver control unit contains seven additional i-f
stages, the limiter and discriminator stages, and the AFC sys-
tem. There are two separate discriminator channels fed from
the output of the i-f amplifier. One supplies signal to the main
transmitter and monitoring circuits. The other is used to gen-
erate a control voltage for the AFC amplifier. The purpose of
the AFC is to control the frequency of the heterodyne os-
cillator and keep it in proper adjustment for variations in

2)4905-X

www.SteamPoweredRadio.Com

transmitter frequency. The receiver control unit is connected
to the receiver by means of a single cable with plug con-
nectors at each end. In operation this cable may be as long as
200 feet. For special cases, however, it may be made as long
as 1000 feet by employing a separate coaxial line carrying the
if signal. In addition, a cable connector at the rear of the
receiver control unit permits the connection of an extension
cable so that routine operation may be conducted from a
nearby monitoring console. Both this unit and the power sup-
ply are intended to be mounted in a standard equipment rack,
as illustrated. A small control panel is located on the front
from which all adjustments can be made. They may also be
mounted in convenient carrying cases for portable operation,
if desired. This unit has its own filament transformer, but the
other voltages are received from the power supply. All tubes
are accessible from the front of the unit, and all cable con-
nections are made at the rear.

Specifications
IFrequency Range
Type of Reception
Video Frequency Range

6800-7050 me.
Frequency modulation
60 cycles to 6 mec.

Band Width 15 me.
Tube Complement:
Receiver 1—2K26 1-6J6 4—6AK5
Receiver Control Unit
11—6AK5 2—6AG17
3—6J6 2—6SL7-GT
2—6AL5 1—6SN7-GT
1—6AC7

Total Power Consumption__110 volts, 60 cycles a-c, 250 waltts
Weights:

Receiver and Housing 35 1bs.
Receiver Control 36 1bs.
Power Supply 58 1bs.
Stock Identification MI-26940
SRINTE

UI)N,\.
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Television Transmitter Type TT-5A

Features
e Low installation costs—flexible cabinet arrangement.
e Low operating cost.

o Uses highly efficient RCA 8D21 dual tetrode as power
amplifier.

o Power amplifiers require no neutralization.

® Quick changing of power amplifier tubes.

e High level modulation in visual section.

e Straight-forward “meter tuning” of all r-f driver stages.
o Uses highly efficient RCA FM exciter in aural section.
o Packaged for convenience in shipping and installation.

o All components readily accessible through front and rear
doors.

Description

The TT-5A is RCA’s first post-war television transmitter. It
represents the culmination of the many years of RCA Tele-
vision research and development. Many new features found in
this transmitter are the first applications of the latest RCA
developments.

The transmitter has a nominal power output of five kilowatts
peak visual power, and two and one-half kilowatts peak aural
power. This ratio is in conformance with the RMA standard.
The frequency range is from 54 to 216 me., which covers the
twelve presently assigned television channels for metropolitan
operation.

The entire transmitter is housed in eight steel cabinets which
are fastened to a base frame. This frame is divided in such a
manner that the eight cabinets may be placed either in a
straight line (overall width—208”) or in a “U”-shaped ar-
rangement (smallest possible overall width—150”). Each cab-
inet has both a front and rear door. The front doors are pro-
vided with windows for observing the transmitter while in
operation. The components and wiring are arranged to permit
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maximum accessibility, for testing and servicing. End trim
and meler panels complete the cabinet enclosure, so that it
presents a pleasing and dignified appearance. A filtered air
supply for each cabinet is provided through individual re-
movable filters in the bottom. Warm air is expelled through
the top. The visual section of the transmitter is located on the
right side and the aural section is on the left, with the power
supplies and control panel for both sections in the center. This
central location of power controls provides a high degree of
convenience and flexibility in the operation of the transmitter.

The transmitter control circuits employ the newest and most
modern techniques. Provision is made for both manual and
aulomatic-sequence starting. The automatic system provides a
three shot recycling sequence, which automatically returns the
transmitter to the air up to three times in case of momentary
overload. If the overload persists, the transmitter is automat-
ically shut down. A special hold-in circuit permits the trans-
mitter to return instantly to the air in the case of momentary
power line failure, thus avoiding the thirty second delay re-
quired for the plate time-delay relay to close. A switch is
provided for each main rectifier to provide a reduced power
position for tune-up and emergency operation. All critical
power supplies are electronically regulated, making possible
stable, high-quality operation under all conditions of signal
or line voltage variation.

The visual section of the transmitter is essentially a erystal
oscillator followed by several r-f amplifier stages, and a grid-
modulated, power amplifier. The use of final-amplifier, grid-
moduation makes possible the operation of all driver stages
as high-efficiency, narrow-band, class “C” amplifiers, which can
be tuned quickly and easily from front panel meter obser-
vations.

The final power stage uses the new RCA 8D21 water-cooled
dual tetrode operated as a push pull amplifier. The use of
this tube is one of the outstanding features of this transmitter.
Its highly efficient water cooling system introduces a new
principle in tube construction which permits roughly ten times
the power handling capacity of other tubes of comparable size.
It results in exceptionally low output capacitance. This, to-
gether with the dual tetrode construction does away with the
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necessity of neutralization. Since small physical size and low
output capacitance are necessary requirements for broad band
operation at television frequencies, this tube is an important
development in the progress of television.

The aural section of the transmitter utilizes the highly efficient
RCA FM exciter, MI-7015, followed by several amplifier
stages, and a power amplifier likewise employing the RCA
8D21 dual tetrode.

Coupled into the outputs of both the visual and aural sections
of the transmitter are “Reflectometer” units, which perform
the following important functions:

1. Measure the standing wave ratio on the main Llransmission
line.

2. Measure the “Peak of Sync” power output (when calibrated
against the dummy load).

3. Operate as an r-f overvoltage output, thus protecting the
transmission line against rupture due to lightning, bad in-
strumentation or any trouble which causes excessive stand-
ing waves to occur.

The power circuits are so arranged that the operator may do
emergency maintenance or servicing work on the aural or
visual section of the transmitter while the other is on the air.
This includes changing the 8D21 tubes without shutting down
the water circulator. The operator is fully protected by proper
interlocking and safety devices. During test periods, either
section of the transmitter may be operated independent of the
other with a resultant saving in overall power consumption.

All high power circuits are doubly protected by highspeed
overload relays backed up by thermal type circuit breaker
switches. Similar circuit breaker type switches are used to
connect water cooler, blowers, filaments, and low power cir-
cuits to the power line. All fuses are of the visual indicating
type, and are mounted in a group on the front panel for
easy accessibility and identification.

In order to provide greater convenience in shipping and in-
stallation, the transmitter is partially disassembled when it
leaves the factory. The largest unit, uncrated, is 25 x 38 x 80
inches, and no single unit weighs over 1000 pounds. This
facilitates handling in confined spaces and elevators. All con-
nections between units are made from conveniently located
terminal boards on each unit.

Specifications

Aural Visual
Type of emision A3 A5
Frequency range.. Chan. 2 to 13 Chan. 2 to 13

Power output (into

transmission line) 2 to 4 kw. 2.5 to 5 kw peak

RF output impedance__72 ohms 72 ohms
Carrier frequency

stability =+0.002% =+0.002%
Modulation capability__—+50 ke. 90%

Method of modulation___Frequency mod.
Input impedance 600 ohms
Input level . .~ 412, +2 db
Frequency response**__Uniform within
—+1 db from 30
to 15,000 cycles

Amplitude mod.
75 ohms

1 volt peak to peak
*0 db at 0.1 me.

2 db at 0.5 mc.

2 db at 1.25 mec.
2 db at 2 mec.

2 db at 3 mec.

3 db at 4 mec.

2]4905- .
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Aural Visual

Audio frequency
distortion:***
50 to 100 cycles— 1.5%
100 to 7,500 cycles. 1.0%
7,500 to 15,000 cycles_1.5%

Noise level:

FM noise, below

+25 ke swing 60 db

Amplitude noise,

rms below carrier__50 db
Less than 5% of
peak to peak signal
amplitude

Amplitude variation
over one frame.

Power Line Requirement:

Transmitter
Line voltage 208 /230 volts
Phase 3
50 or 60 cycles
Instantaneous regulation 5% maximum
Power consumption (approx.) 32 kw
Power factor 85%

Frequency

Console, crystal heaters, etc.

Line voltage 115 volts

Phase 1

Frequency 50 or 60 cycles

Power consumption (approx.) 600 watts
Dimensions:

Overall length**** 208"

Overall height 84"

Overall depth (inc. door handles) 38”

Building entrance and elevator clearance requirements

25" x 80”

Weight:

Transmitter**** (8 cabinets plus 2 PA cabinets)

8000 1bs. (approx.)
600 lbs. (approx.)
1300 1bs. (approx.)

Console
Water circulating system

Finish Two-tone umber gray with satin chrome
trim and fittings

Stock Identification

MI-19205-A, B

* Maximum attenuation with respect to idealized rectified
vestigial sideband response.

** For pre-emphasized response the pre-emphasis filter
(MI-4926A) is provided to be inserted in the 600 ohm
audio input line at the most effective point.

*** Distortion and noise are measured following a standard
de-emphasis network.

**** To facilitate packaging and handling, the equipment
breaks down into its component cabinets (8 plus 2 PA
cabinets) and is shipped accordingly. The larger power
supply components are also removed and packed sepa-
rately. Thus, the dimensions of the largest unit (un-
packed) is 25 x 80 x 38 inches, and the weight approxi-
imately 600 lbs.

RINTE,
N
U.s A
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Vestigial Side Band Filter Type TZ-1A

Features

e Small size—small floor space.

e No adjustments.

e Low insertion loss.

e Constant impedance input over entire double sideband.

e Completely enclosed to prevent tampering and admission
of dust.

Description

The sideband filter is a device which is connected directly to
the output of the television visual transmitter to absorb the
relatively small amount of lower sideband energy falling out-
side of the assigned television channel. Use of a sideband filter
has several advantages: first, the tedious adjustment of tuned
radio frequency amplifiers needed for the rejection of the side-
band when low level modulation is employed is eliminated;
second, the sideband filter has a constant impedance input so
that the process of sideband elimination is accomplished with-
out a detrimental effect on the picture quality; and third, the
high level modulation system used in the transmitter gives
the visual transmitter a better overall linearity.

Electrically, the sideband filter is a combination of two
M-derived filters. Since filter components of the common coil
and condenser construction would be difficult to manufacture
and uneconomical to use because of the currents, voltages and
reactances involved, the sideband filter has been designed,
using low loss coaxial transmission line elements. The un-
desired sidebands are passed through one of the filter units
into a properly terminated transmission line that effectively
eliminates reflections of the lower sidebands. The desired sig-
nals are passed through the other filter unit and a notch filter.
The notch filter is incorporated in the design to give positive
insurance against interference with the sound channel of the
next lower television channel. This notch filter is a system
of resonant coaxial transmission line elements that allows the
absorption of a single frequency in a second terminated coaxial
transmission line while the desired television signals are not
effected.

Since the filter is completely assembled at the factory, all
tuning adjustments are factory made. It is contained in a com-
pletely enclosed metal cabinet finished in umber-gray and
styled to match the associated television transmitter. The side-
band filter is designed to stand in a vertical position near the
visual transmitter, with a connecting transmission line prefer-
ably not more than 10 feet in length. The transmission line
connecting the filter to the visual transmitter may leave the
filter through the top or bottom or on one side. The output
line passes through the top of the unit. The only other con-
nections are with the station water-cooling supply and the
visual transmitter interlock circuit.

Vestigial sideband filter, MI-19104-A, covers channels 1 to 6
inclusive; and vestigial sideband filter, MI-19104-B covers chan-
nels 7 to 13 inclusive. Each unit is tuned for the desired
specific channel at the factory.

2)4905-Z
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Specifications
Dimensions
Height* 84"
Width _ 36"
Depth 42"
Weight 1400 1bs.
Finish Two-tone umber gray

Water connections (connected to transmitter water cooling
system)
“In” union for %% nominal dia. copper water tubing
“Out” union for 14 nominal dia. copper water tubing
Electrical Connections_____ Transmitter interlock of circuit
Radio Frequency Connections

Input Impedance__. 72 ohms, 34" coaxial line
Output Impedance 72 ohms, 34" coaxial line

* .Heli;%ht of sideband filter with base taken off for shipment
is 80”.

eRINTZ,
IN
U.s A
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Television Diplexer Units Type TX-2A

Features

e Permits use of one antenna for both visual and aural tele-
vision signals.

e Enclosed cabinet prevents tampering and admission of dust.
e Cabinet sides easily removed for inspection.

e Dependable. Electrical networks are composed of conserva-
tively rated coaxial sections.

e No adjustment required at installation.

e Occupies little floor space.

Description

The Television Diplexer is a device to permit the feeding of
both the telvision visual signal and the television aural signal
to the same turnstile antenna without detrimental cross talk.
This eliminates one of the two transmitting antennas that
would otherwise be required and thereby saves the expense of
an additional antenna with its associated supporting tower.

There are two types of Television Diplexers: one for low
frequencies and one for high frequencies. MI-19021 covers the
' television channels 1 through 6, and MI-19022 covers channels

7 through 13. The low frequency diplexer is larger than the
high frequency unit because of the greater physical size of
the components.

The diplexers are completely enclosed in steel cabinets finished
in umber-gray, and styled to match the apparatus with which
they are associated. The cabinet sides are easily removed for
routine inspection. The unit is shipped complete, and no
adjustment is required during installation.

In a simplified form, the diplexer may be considered to be a
balanced bridge circuit in which there are four legs, as illus-
trated in the accompanying diagram. The visual and the aural

[t
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b

Low-frequency Diplexer, MI-19021

signals are fed to alternate diagonals of the bridge. Since the
aural signal is fed into the circuit across the mid-points of the
antenna and the reactors, no visual signal can go into the
aural transmitter. In like manner, the visual signal is fed to
the circuit between two points of equal potential with respect
to the aural transmitter so that no aural signal can get back
to the visual transmitter.

The Television Diplexer is installed in the station room, as
near as possible to the vestigial sideband filter. In this way,
it is convenient for inspection and maintenance, and no wind
or weight load is added to the tower. Because of the upright

cabinet type of construction, it occupies very little station
High-frequency Diplexer, MI1-19022 floor space.

www.SteamPoweredRadio.Com
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TURNSTILE ANTENNA
E-W RADIATORS

TURNSTILE ANTENNA
N-S RADIATORS

AURAL
TRANS

Simplified Schematic Diagram of Television Diplexer Unit

Specifications
LOW FREQUENCY DIPLEXER MI-19021 HIGH FREQUENCY DIPLEXER MI-19022
Dimensions Dimensions
Height 84” : 17"
Width 281" Helg T
Degth 225" Depth 263"
Weight 450 lbs. Weight 110 1Ibs.
Finish Umber gray Finish Umber gray
Radio Frequency Connections: Radio Frequency Connections:
Input Input
Visual 72 ohms, 314” coaxial line Visual 72 ohms, 154" coaxial line
Aural 72 ohms, 314" coaxial line Aural 72 ohms, 154” coaxial line
Output Output
Two 51.5 ohms, 314" coaxial line Two 51.5 ohms, 154" coaxial line
Cross Talk Below 40 db. Cross Talk Below 40 db.

wiripSteamPoweredRadio.Com
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Television Triplexer Type TX-3A

Features

® Permits use of one Super Turnstile antenna for both FM
and TV services.

e Styled to match other transmitling equipment.
e Simple, compact design.
e Requires no elaborate accessory items.

o Small floor space requirement.

Uses

The RCA Triplexer is designed to permit feeding three inde-
pendent signals to the Super Turnstile Antenna from where
they can be radiated with good efficiency. The need for such
a system might be found by the broadcaster planning tele-
vision plus FM service. In this case all three, FM signals in
the 88-1086 mc band, the TV picture signal and the TV sound
signal can be fed through the Triplexer to one Super Turn-
stile Antenna, saving the broadcaster the expense of separate
antennas. The broadband characteristics of the Super Turnstile
make such a system very practicable.

Description

The Triplexer consists of a number of rigid coaxial line seg-
ments tuned to the frequencies of the three signals fed into it.
These tuned segments act as wave traps to prevent any one of
the three signals from feeding back into the feed lines of the
other two.

The usual arrangement is to have the TV picture and sound
transmitters feed through a Diplexer to the Triplexer. The
FM signal is fed directly to the Triplexer as shown in the
diagram.

The FM power that can be handled by this system is limited
by the standing wave ratios appearing on the lines. This is,
of course, determined by the operating frequencies used. In
general, the following combinations apply: TV channels II
and III with an FM input up to 3 kw; channels IV-VI with
an FM input up to 10 kw; and channels VII-XIII with an
FM input up to 3 kw.

The coaxial line assembly of the Triplexer is contained in a
completely enclosed steel cabinet the same size as the standard
low-frequency Diplexer unit. The Triplexer, which is installed
adjacent to the Diplexer, is finished in umber-gray to match
the other television units.

SUPER TURNSTILE
TELEVISION
PICTURE
TRANSMITTER

DIPLEXER

1) 1) i
I O I

TELEVISION
SOUND —
TRANSMITTER

TRIPLEXER

FM
TRANSMITTER

:
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Triplexer with all covers removed to
show system of tunable coaxial lines.

Two output connectors are made near

the bottom, as shown. The two input

lines are at the rear and are not
visible.

Specifications

Input and Output Impedances 5114 ohms

Height 84”

Width 225/8"

Depth N 285"

Weight 475 1bs.
eRINTE,

U.s.
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Super Turnstile Antenna For Television

Types TF-3A, TF-3B, TF-6A and TF-6B

Features

e Extremely broad frequency characteristic

e High gain for given height.

e Permits diplexing of visual and aural signals into same
antenna.

e No critical field adjustments—no coupling networks at tower
top.

e Furnished complete with all fittings and hardware.

o Grounded for lightning protection.

e No weight supported by insulators.

e Attractive appearance—adds to appearance of tower struc-
tures.

Description

The new RCA Super Turnstile for television broadcasting is a
multi-element antenna system radiating horizontally polarized
waves with a circular radiation pattern. An increased gain is
accomplished by concentrating the radiation in the horizontal
direction at the expense of radiation in the vertical direction.
This gain increases with the number of sections, or layers, used
in the antenna; however, practical considerations establish a
maximum limit.

Each section of the antenna consists of four radiators mounted
at intervals of ninety degrees around a steel pole. The indi-
vidual sections are mounted approximately a wavelength apart,
center to center. These radiators are attached to the steel pole
at both the top and bottom so that the complete structure is
grounded for lightning, and no weight is carried by endseals
or insulators.

The radiators are fed by means of coaxial transmission lines.
Each set of opposing radiators may be considered as compris-
ing a horizontal dipole antenna. The outer conductor of the
transmission line is connected to one radiator, and the inner
conductor is connected to the opposite radiator. Connection is
made at the center of the inner member of each radiator. In
the event of icing, therefore, only the central part of each sec-
tion is subject to impedance change. Ice formations can be
prevented, however, by the use of sleet melting resistors,
which will be provided, if specified. The sleet melting elements
are inserted into the vertical tubing of the radiating elements
which are adjacent to the pole. This will prevent ice formation
between the radiator and the pole—this being the only place
where ice formation will have a detrimental effect.

www.SteamPoweredRadio.Com

Three Section Super Turnstile. The center pole is self-support-

ing and may be mounted on top of a suitable building, moun-

tain or a supporting tower similar to that used for standard
band broadcasting antennas.

The individual radiators consist of frameworks of narrow
diameter seamless steel tubing with cross members of cold
rolled steel rods. This open construction results in an antenna
with a rather low value of wind resistance, and the somewhat
triangular shape of the radiator forms a structure which is
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5-1

TELEVISION TECHNICAL TRAINING PROGRAM

TELEVISION TRANSMITTER THEORY

FCC REGULATIONS - 3specifications of Performance:

a. Twelve channels are provided, from 54 to
216 mc.

b, The width of the standard television broad-
cast channel shall be 6 mc.

¢, It shall be standard to 1locate the visual
carrier 4,5 mc lower in frequency than the
unmodul ated aural carrier,

d. "Vestigial sideband" transmission shall be
used with the idealized amplitude character-
istic shown in Figure 5. 1.

e, It shallbe standard that a decrease in ini-
tial light intensity cause an increase in
radiated power (negative transmission).

f. It shall be standard that the black level be
representedby a definite carrier level, in-
dependent of the light and shade in the pic-
ture; that is, the "d-c component" must be
transmitted,

2. It shall be standard to transmit the black
level at 75% t2.5% of the peak carrier am-
plitude,

h. It shall be standardto rate the transmitter
in terms ofits peak power when transmitting
the standard television signal, This rep-
resents peak of "sync" power. "Carrier
power™ has no significance when the d-c com-
ponent is transmitted.

i. Amplitude modulation shall be standard in
the visual transmitter, and the radio-fre-
quency amplitude shall be reduced to 157,
or less, of the peak amplitude for maximum
white.

FURTHER CRITERIA FOR TRANSMITTER PERFORMANCE
have been specified by RuMA:

a. The carrier frequency of the visual trans-
mitter shall be held to within +0.0027.

b, The peak-to-peak variation of transmitter
output within one frame of the video signal
due to all causes, including hum, noise,
and low-frequency response, measuredat both
sync peak and pedestal level, shall not ex-
ceed 5% of the average overall sync peak
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signal amplitude., Thus all effects of hum
and poor low-frequency response must be 25
db down,

c., [Ihe R¥A recommended that, for normal trans-
mission, the characteristic of transmitter
output voltage versus brightness of subject
be substantially logarithmic.

These regulations define, in general terms,
the performance specifications of the visual
transmitter. We see that we must operate in the
medium- to semi-high-frequency part of thae
spectrum, radiating sidebands from dc out to
4.5 mc, using vestizial sideband transmission
with amplitude modulation. The minimum depth of
imodulation wmust be 13 percent, and black in the
picture must represent increased power. Tne
carrier stability is defined, and the total of
hum, noise, and low-freguency response on the
carrier must beat least 26 db down. The speci-
fications on amplitude linearity, as it con-
cerns the transmitter only, are covered up by
the logarithmic character of the camera output,
and will be discussed later.

I DEALIZED TRANSMISSION CHARACTERISTIC

THE IDEALIZED TRANSMISSION CHARACTERISTIC of
the FCC governs transmitter design in several
respects., First of all, this vestigial sideband
characteristic lops off part of the lower side-
band, and ideally transmits out to 4.5 mc for the
upper sideband and 1.25 mc for the lower. This
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is basically to save channel space, but it is
also a receiver problem. In any vestigial or
single-sideband transmission and reception
system, we deliberately throw away an amount of
information, quantitatively in direct relation
to the percent of one sideband which is attenu-
ated, since one sideband only yields 30 percent
modulation. As long as one sideband is unaltered,
the quality and resolution do not suffer. In
the receiver, the i-f systems can be built with
only half as much bandwidth, and the loss of
signal is regained by adding a stage of video
without any net increase in receiver cost.

BANDWIDTH

THE BANDWIDTH required to transmit a picture is
basically a function of the number of picture
elements which must be reproduced, and the speced
at which an element must be scanned. In terms
of picture constants, bandwidth is given by the
relation

kfn2

w
fmax. TR 2

where w/h is the aspect ratio (4/3), k the
utilization ratio (0.75), f the frame repetition
rate, and n the total number of lines. The ex-
pression is for equal vertical and horizontal
resolution. Thus for a 525-1ine, 30-frame pic-
ture, fm - equals 4.15 mc. For double-side-
band transmission, a total bandwidth of 8.3 mc
would be required.

There are several ways of thus squeezing a
525-1ine picture into a 6-mc channel. The most
important are known as the RA, or Receiver At-
tenuation system, and tha TA, or Transmitter
Attenuation system. The RA system is the one
authorized by the FCC, and the frequency re-
sponse through such a system is shown in the
accompanying graphs, Figure 5-2. These curves
are typical only of a high-level modulated-type
~f transmitter.

It is important to note the curtailment of
high-frequency response in the receiver output,
as compared to the response of the transmitter
input. Studio equipment (and also the trans-
mitter, to a lesser degree) is intentionally de-
signed for greater response in the high end, to
avoid any picture degradation, other than that
actually imposed by the basic limitations of
channel width. Since the receiver must adhere
strictly to channel requirements, its reproduced
picture will not contain as much detail as that
actually transmitted. This factor should be
taken into account when analyzing system per-
formance,
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The essence of proper vestigial sideband sys-
tem operation is the fact, that, in the region
of carrier out to 1.25 mc, the transmitter and
receiver must have complementary phase and am-
plitude characteristics, as shown in (d) and
(e), Figure 5-2. The transmitted signal has
double amplitude response in the low-frequency
end, which poses a monitoring problem, since a
simple diode will not suffice.

I'wo other rather important matters arise in
connection with sideband energy distribution.
Thne first relates to the points designated as
"a" in the FCC idealized characteristic. The
regulations state that, at 1.25 mc below the
visual carrier and at 4.5 mc above the carrier,
the relative field strength shall not exceed
0.0005 to prevent adjacent channel interference.
This value representa an attenuation of 60 db
with respectto the 0.5-value of normal sideband
amplitude. This appears rather severe, partic-
ularly at the point 1.23 mc below the carrier,
However, Kell, Brown of RCA, and Keister and
associates of GE, have made calculations and
measurements which show that, for an average
picture, the voltage components of sidebands in
the vicinity of carrier ti.25 mc are at least
40 db down. The transmitting equipment, then,
must furnishthe other 20 db. The RIP3 has taken
cognizance of this relationship, and has recom-
mended to the FCC that equipment performance be
judgedon the basisof -20 db being satisfactory.

SIDEBAND ATTENUATION

SIDEBAND ATTENUATION may be obtained by two
basic methods, which, for want of better termi-
nology, may be referred to as the GE method and
RCA method. The GE method uses low-level modu-
lation followed by a multiplicity of broadband,
linear r-f amplifiers, with each stage care-
fully tuned off-center so that the overall re-
sponse gives the desired pass-band and attenua-
tion. The RCA system uses high-level modula-
tion, though not necessarily in the last stage,
and then inserts a filter system between the PA
stage and the antenna. In medium-power trans-
mitters, i.e., around 5-%kw peak output, it is
technically and economically feasible to build
a video system with good frequency character-
istic and a voltage output sufficient to modu-
late the grid of the final stage. If, however,
we consider modulating the grid of a 40- or 50-
kw output stage, we find that (1) the increased
requirements of voltage necessitates water-cooled
tubes; (2) water-cooled tubes with good modu-
lator characteristics are not available; (3)
overall cost is greater; and (4) we can get
about the same power output by operating the
40-w stage as a class B linear amplifier.
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Figure 5-2 - Frequency Response Through a Television Transmitter System

www.SteamPoweredRadio.Com


http://www.SteamPoweredRadio.Com

5-4

The RCA system, as used in the IT-5A trans-
mitter, modulates the final stage of a medium-
power transmitter and the next-to-the-final
stage of a high-power transmitter. 1In either
case, there are tuned tank circuits between the
points of modulation and the transmission line;
and the response characteristic, whichof course
must be broadband, can be set with respect to
the carrier frequency in such a way as to aid
in the attenuation at the points "a". This not
only provides a safety factor for the vestigial
sideband filter, but, what is more pertinent,
such adjustment allows the PA to work into a
higher impedance, since the pass band is smaller,
and hence to be capable of putting out more
power,

NEGATIVE TRANSMISSION

NEGATIVE TRANSMISSION means that the transmitter
power decreases as the light intensity into the
camera increases. In ngland and pre-war Europe,
positive transmission was used, i.e., increased
power with increased light. The reasons for
standardizing on negative transmission in this
country are based on two facts: (1) Noise pro-
duces areas of lack of light, or black spots,
which are considered to be less bothersome to
the eye than bright spots, and (2) a much simpler
receiver AVC system can be built if the blacks
go in the increased-power direction. Since the
blanking pedestal must represent black, the com-
bined pedestal and sync pulse must modulate the
transmitter in the "up" direction. Herein lies
a disadvantage of negative transmission. To ob-
tain increased output from a PA during the sync
pulse interval, its grid mustbe driven into the
positive or grid-current region, and the ten-
dency is to saturate sync; or to reduce the am-
plitude of the sync pulses with respect to the
rest of the signal., This, of course, does not
happen with positive modulation; but a certain
percentage of saturation of the whites is prob-
ably preferable to loss of sync voltage at the
receiver. However, precautions can be taken to
minimize sync saturation, and these will be dis-
cussed later,

Erf vs. Time

There is another important advantage inusing
negative. transmission, which ties in with the
FCC specifications stating that the black level
shall be transmitted at 75 percent of the peak
carrier height. Since the blacks and the sync
signals modulate in upward direction, the trans-
mitter must hold peak power only for the dura-
tion of the sync pulse. Since the pulses are
relatively short, about 6 microseconds for hori-
zontal and 75 microseconds for vertical, they do
not contribute appreciably to PA anode dissipa-
tion. The voltage and power relations are as
shown in Figure 5-3.

The voltage curve shows the relationships of
black level to sync tips as specified by the
FCC, on the basis of sync tip height equal to
unity. If we now re-plot this curve in terms
of power, still using the sync tips as unitg,
it is seen that black level represents (0.75)
or V.55, of peak power. Now, the sync pulses
contribute additional power in proportion to
their total duration and repetition rate. If a
complete signal is analyzed, including both
horizontal and vertical sync pulses, it is found
that their total duration is equal to O.1i of the
repetitive time interval; therefore, the power
they contribute is 0.1 (1.00 -0.58) = 0.044, or
a total of 0.56 + 0.044 = 0.604, or 60% of peak
of sync .power. Anoide dissipation is propor-
tional to power output (assuming constant plate
efficiency). Therefore, for a given tube com-
plement with a given anode dissipation, the out-
put can be increased 40% If positive modula-
tion were used, the output stage would have to
be capable of handling continuous power equal
to the peak power whenever a white picture came
along,

In addition to the stipulation that the black
level be 73% of the peak r-f amplitude, it is
also specified that this black level represents
a definite power level independent of changes
in the picture itself. This means that the
peaks of sync also represent a eertain power
level, since the ratio between black level and
sync peaks is fixed., The picture transmitter
could thus be rated (in power output) in terms

044
Advg.

::T _{ Power

604

rf vs. Time

Figure 5-3 - Voltage and Power Relations for Negative Transmission
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of either black level or sync peaks. The sync
peak level was chosen because, at the time the
old NT3C considered this matter, there was con-
siderable discussion on what percentage of the
signal should be devoted to synchronizing, and
hence what percentage of the signal would be
black level. Soto avoid any possible confusion
in the future, in case the percent of sync was
changed, the peak of sync level was chosen.

To appreciate the significance of maintain-
ing the sync peak at a certain fixed power or
voltage level, it is necessary to look briefly
at the d-c component of the signal; how it is
obtained, and how it is handled. The discussion
must start with the studio camera, and end with
the receiver kinescope. It is in the output of
the camera tube itself that the composition of
the picture signal must be recognized and han-
dled properly. In any picture scene which is
to be transferred to electrical wave form, the
signal can be said to contain two generalized
components: One, the detailed information,
which is the a-c component; and the other, the
background, or d-c component. The background
is simply the average illumination of the whole
scene, taken over the interval of one cowplete
picture frame. The image orthicon and the
Farnsworth dissector tube are direct-coupled
devices and automatically supply both components,
The iconoscope, depending as it does, on a
multiplicity of sensitized, capacity-coupled
cells, puts out only the a-c component, referred
to some arbitrary axis. The scene must there-
fore be viewed with an auxiliary light-sensitive
device such as a photocell, whose output, suit-
ably amplified, controls the bias of an appro-
priate tube in the unit in which the camera
signal is combined with the sync signals (see
Figure 5-4).

Thuiis, it is apparent that true d-c¢ insertion
is accomplished at the camera, and that funda-
mentally this consists of properly locating the

A A-C Ax/s
S

Camera Signal

Amp 1.

camera a-c output voltagewave form with respect
to the blanking pedestal or black level,

To preserve the background component, each
amplifier between the camera and the kinescope
could be d-c coupled. HJowever, it is neither
desirable nor necessary togo to these extremes,
When a video signal passes through a capacity-
coupled amplifier stage, the signal orients it-
self around a reference axis which is the aver-
aze of the entire wave form., Thus, in the out-
put of such a stage, black is no longer black
in the sense that it represents a given voltage
level, since that level will vary as the sym-
metry of the wave form varies. Hdowever, the
relationship between the a-c wave form and the
blanking pedestal has not been lost. In fact,
the only thing thatis lacking is the establish-
ment of the black level to represent a given
voltaze or power output, as the case may be.
Through relatively simple circuits, the black
level may be re-established at any desired point
in the television system. Not many years agc,
before the value of establishing the black level
in the transmitter was recognized, re-insertion
was not applied until the signal reached the
grid of the kinescope. At this point, a simple
diode was connected across the grid resistor,
and the lesired reproduction was obtained.

LIMITING WAVE FORMS

Before pointing out the advantages of estab-
lishing the black level in the transmitter, let
us look briefly at the limiting wave forms en-
countered in video signals, as illustrated in
Figure 5-5.

The all-white and the all-black (with a
white 1ine) pictures represent the extreme cases,
and typify the nature of the departure from sym-
metry which we nearly always encounter in video
signals. The significance of this phenomenon

Time

Axis located writh respect to black
as dictated by average brillance of
scene from which /ine was taken

Figure 5-4 - Pjcture Signal Showing D-C Component
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Figure 5-5 - Limiting Wave Forms in Video Signal

is seen when we think of these unsymmetrical
wave forms in terms of voltage swings on the
tube characteristic. The important fact, for
transmitter design, is that a given tube will
handle appreciably greater output with d-c re-
insertion, although the actual voltage gain re-
mains the same. Kell has shown, after analyzing
the areas above and below the axis for the two
extreme wave forms, that there is a ratio of
1.5 to 1 for the two cases.

D-C re-insertion allows 30 percent more in-
telligence to be transmitted in the sidebands,
without increasing the carrier power, and hence
without increasing the interference range of the
transmitter. From the foregoing, it is seen
that it is particularly advantageous to re-in-
sert the d-c¢ component in high-level stages,both
video and r-f, where voltage-swing limitations
are encountered. In present designs, this prac-
tice is followed, in that the d-c component is
re-inserted in the grid of the last video or
modulator stage, and preserved on the grid of
the modulated stage by d-c coupling.

MODULATION

The last point inour standard specifications
for television transmitter concerns modulation.
Amplitude modulation for the video signal is
specified and grid modulation appears to be the
preferred method for the very-broad-band sys-
tems, and for systems requiring transmission of
the d-c component. A similar analysis for nar-
row-band sound transmission will probably yield
the opposite answer, and one of the deciding
factors, in this comparison, would be distor-
tion. High-output grid-modulated stages yield
such high distortion as to be intolerable for
high-fidelity transmission. In order to work
on the truly linear portion of an r-f amplifier
characteristic, it is necessary to stay almost
entirely in the negative grid region, and thus
a very considerable amount of power must be
sacrificed. In television signal transmission,
much greater distortion can be tolerated, and
as a matter of fact the right %ind of distor-
tion is invited.

Referring to Figure 53-6, all camera tubes

Wh
Eout Eout 4
&
S
N
Light Bk
B/k White E,
in
Comera Transmi tter Receiver

Figure 5-6 - Linearity Characteristics of TV System Elements
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have an amplitude-linearity characteristic which
flattens off in the white region and is expanded
in the black. Camera circuits could be designed
to correct this, but it so happens that the re-
ceiver kinescope has an opposite, and nearly
complementary, characteristic. Thus, at the
receiver the response in the black region is
contracted., Because, with negative transmis-
sion, noise, and interference bursts are in the
black direction, this kinescope characteristic
is very desirable, since it tends to saturate
off noise peaks. It is very much akin to pre-
emphasis of high's in a sound transmitter, so
that the receiver can de-emphasize and attenuate
noise. The RIPB recognized this feature, and
recommended that the amplitude linearity of the

transmitted television signal be "logarithmic",
and the receiver "exponential". Furthermore,
the transmitter and receiver cnaracteristics can
depart considerably from being complementary
without affecting anything except the relative
shades of black and white in the picture, the
optimum value of which changes from one scene to
another, It is apparent then, that the charac-
teristic of the transmitter proper can be al-
lowed to vary considerably from linecarity, par-
ticularly in the white region, without appre-
ciably changing the desired systems characteris-
tic. It is important, however, to watch closely
the lincarity in the black region, since the
sync signal must be held to +0, - 2 percent of
specified amplitude.
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TELEVISION TECHNICAL TRAINING PROGRAM

THE NEW RCA TELEVISION TRANSMITTER TT-5A

INTRODUCTION

The TT-5A Television Transmitter is designed
for use in all television stations where an eco-
nomical, compact, high-fidelity picture and
sound transmitter is required. It covers all
12 television channels assigned by the FCC for
metropolitan use, and assures a signal of 5-%k&w
peak power on each channel.

Unified styling in cabinet design gives the
pleasing appearance of single-unit construction,
and yet the 8 individual cabinets of the TI-3A,
when installed, can be arranged to suit nearly
any station layout,

JOperating from video picture and sound inputs
of standard levels, the IT-5A delivers an r-f
signal in accordance with FCC and R4A standards.
Compliance with these standards is brought about
by positive means which cannot be affected by
transmitter tuning or any non-linearity in the
power amplifier,

A1l r-f exciter and driver stages are
straightforward narrow-band amplifiers which can

be tuned quickly and accurately by meter indi-
cations., High-level modulation is applied to
the grid of the picture power amplifier, and
provision is made for maintaining the d-c com-
ponent and for maintaining linearity in grid-
circuit loading.

The picture power amplifier, the only broad-
band r-f stage in the transmitter, employs the
new, efficient RCA-3D21 dual tetrode. This tube
is specifically designed as a high-frequency,
grid-modulated power tube for wide-band opera-
tion, and incorporates advanced principles of
screening, cooling, and electron optics. The
screen-grid construction and internal neutrali-
zation of the residual grid-plate capacity as-
sure unusually high stability, while the effi-
ciency of the tube provides operating economy.
Jloreover, a gain of 10 in the tube permits use
of a small r-f driver and modulator, effecting
further economy,

A master monitor, in the center of the con-
sole, can be guickly switched by push buttons
to the input of the transmitterg the output of
the modulator, or the output of the sideband

Figure 6-1 - TT-5A Television Transmitter, with front doors open to show accessibility.
Frames | and 2 house the sound transmitter; frame 3, the sound-transmitter

power supplres.
oicture transmitters.

Frame 4./s a centralized control panel for both sound and
Frames 5 and 6 contarn the pircture power supolires
while frames 7 and 8 house the picture transmitter

Each frame also has a

full-length rear door, to give to each comoartment maximum accessibrlity.

www.SteamPoweredRadio.Com


http://www.SteamPoweredRadio.Com

filter. Both the picture and its wave form, as
well as sound, can be monitored in this way.

Another new feature in the TT-5A is the "re-
flectometer", a unique device in the transmis-
sion line, which indicates the standing-wave
ratio on the line. The reflectometer also
"looks" toward the transmitter, indicating rel-
ative power output as reguired by FCC. The
relative power output and standing-wave ratio
indications appear at both the transmitter and
the console.

The control circuits of the TT-5A television
transmitter are arranged for maximum convenience,
The picture and sound transmitters can be oper-
ated independently. For example, emergency
maintenance or servicing work can be done on
either transmitter while the other is on the
air, even to changing power amplifier tubes.
A1l critical power supplies are electronically
regulated, enabling stable, high-quality per-
formance under all conditions of load or line
voltage fluctuation,

STATION LAYOUT

Unit construction permits flexible station
layout and advantageous use of floor space. For
the straight-line arrangement, the overall width
is 208 inches. Also possible are several U-ar-
rangements, providing a minimum width of 150
inches.

Transmitting equipnent also includes console,
vestigial sideband filter, dummy load, water-
cooling equipment, and racks for monitoring and
pre-amplifier equipment.

Figure 6-8 is a plan view of a typical TT-5A
installation showing both low-frequency (chan-
nel 2 to 6) and high-frequency (channel 7 to 13)
versions.

CIRCUIT DESCRIPTION

GENERAL - The TT-5A transmitter is designed
around the RCA-3D2i dual tetrode, For the first
time, a power tube has been designed specifically
for use as a broad-band, highly stable, high-
gain television transmitter tube capable of be-
ing easily grid-modulated and operating at fre-
quencies well above the highest television
channel. It is a good broad-band tube because
the "figure of merit", the ratio of filament
emission current to output capacity (3.0 wuuf
anode-to-anode) , is unusually high, This fila-
ment emission is obtained at very low heating
power (550 watts) by the use of a new filament
ribbon construction of "thoria on tungsten on
tantalum". Low tube capacities are achieved by
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utilizing advanced principles of water cooling
which require slightly higher pressures (60
pounds) but very low rate of flow. A total of
only 1.5 gpm is required for each 8021 tube. As
an example, each anode will dissipate approxi-
mately 370 watts per square centimeter, as com-
pared to 30 watts for older types of tubes,
This type of cooling allows all tube elements
to be built smaller in about the same propor-
tion; hence all interelectrode capacities are
very materially reduced. Thus, operation at
frequencies as high as 300 mc is readily
achieved with open-type tank circuits and with-
out having to "bury" the tube in a cumbersome,
inaccessible concentric-line structure.

The stability required in the modul ated am-
plifier stage of a television transmitter is
many times greater than that required in any
other typeof service. The stage must not merely
be %ept below the point of oscillation; rather,
the feedback must be kept many fold below this
value to avoid severe distortion of the band-
pass characteristic. The push-pull, tetrode
construction of the 8D21 makes possible unusu-
ally low grid-plate capacities and substantially
zero inductances in cathode and screen circuits,
and thus eliminates the major causes of input-
output feedback.

A good television modulated amplifier tube
should be capable of high power gain, and should
have grid-current characteristics which will
permit video modulation of either the excita-
tion or grid bias with reasonably low value of
video voltage and a substantially linear ampli-
tude characteristic. This is achieved, in the
8021 dual tetrode, by applying the principles
of electron optics, or electron beaming. The
construction of the filament and filament block,
and the location and disposition of control-grid
and screen-grid wires are such that a minimum
number of electrons are interceptedby the grid.
Hence, "grid absorption" is low, power gain is
high, linearity is good in the sync region, and
the tube may be modulated by a very reasonable
amount of video voltage.

PICTURE CHANNEL - Figure 6-9 is the simplified
schematic diagramof the picture portions of the
TT-5A transmitter,

The frequency of the picture carrier is es-
tablished by a temperature-controlled crystal
in the oscillator stage. An RCA-1614 tube is
employed in this stage and its plate clrcuilt is
tuned to twice the crystal frequency.

Figure 6-2 shows the complete r-f driver sys-
tem, as used on channels 2 to 6. Link-coupled
to the oscillator is an RCA-4E27 doubler with
tuned input and output circuits. This doubler
feeds an RCA-4E27 tripler which is, in turn,
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Figure 6-2 - Low-power Stages-of Picture Trans-
mitter mounted in frame 7, just below the
grid-circuit of the picture PA. Note the
crystal oscillator unit in box at lower right.
This contains three crystals, one of which is
not visible in this view. These consist of
the regul/ar video-channel crystal, a Spare
crystal af the same frequency, and @ " tune-up”
crystal of mid-band frequency.

inductively coupled to the tuned grids of two
RCA-4-125/4D21 tubes in push-pull. For the fre-
quency range of 54-88 megacycles, the push-pull
stage drives the RCA-3D21 power amplifier tube.
For the 174-216 megacycle range, additional r-f
stages are inserted to provide adequate drive
for the power amplifier., The additional r-f
unit utilizes two RCA-4-125/4D21 tubes as a
push-pull tripler, driving a pair of RCA-4X500A
tubes; also in push-pull. Sufficient shielding
within the RCA-8D21 power amplifier tube and
between the input and output circuits of the am-
plifier stage precludes the need for neutrali-
zation. (The grid tank circuit tunes to one-
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quarter wavelength on channels 2-6, and to
three-quarters wavelength on channels 7-13.)
Video modulation is applied to the grids of the
8D21 tube.

A ndamping" circuit, in the grid circuit of
the power amplifier, absorbs a constant amount
of r-f power from the driver tubes. This tends
to minimize (or "damp out") changes in loading
on the driver during modulation. Appreciable PA
grid current flows at the peak of the synchron-
izing pulses, as compared to the transmission
of white picture elements when no grid current
flows. Thus, the r-f driving voltage is held
nearly constant over the modulating range,
thereby improving the modulation linearity in
the high-output region.

Power is coupled from the power amplifier
plate tankto the series-tuned output tank, from
where it is fed to the transmission line, as
shown in Figure 6-3. The plate tank and the
output tank are slightly over-coupled and tuned
for response over a broad band. A Balun
(BALanced to UNbalanced) unit matches the push-
pull output circuit to the single-ended trans-
mission 1line. Controls are brought out to the
front panel to permit adjustment of the coupling
and tuningof the plate and output tanks. Simi-
larly, all tuning controls for the exciter,
multiplier and driver stagesare brought to the
front of interlocked screen doors behind the
front doors of the transmitter.

Coupled to the transmission line inside the
transmitter cabinet are two "reflectometers™"
for measuring both the standing-wave ratio and
the relative power output of the transmitter,
These devices also protect the transmission

PH- o142t

Figure 6-3 - Pjicture Power Amplifier, close-up
view of the plate circurt. (The sound PA /s
identical, but reversed left-to-right.) Tuning
/s accomplished by flexible-sharft coupl/ings
to calibrated controls at the front. These
controls are Jocated behind the front doors,
which on these frames are not inter/ocked.
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line from injury by high-voltage surges which
might be caused by mistermination of the line,
lightning, etc. The reflectometer is basically
a peak-reading vacuum-tube voltmeter., Its pick-
up coil is so designed that, when coupled to a
properly terminated line, where no standing
waves exist, the voltage pickup due to inductive
coupling equals that due to capacitive coupling;
and a meter in the output circuit of the diode
rectifier reads a value proportional to the sum
of these voltages. If, however, either the
polarity of the voltage on the transmission line
is changed or the connections of the pickup coil
are reversed, the output meter will read zero.
Since the waves travelling from the transmitter
to the antenna are of opposite polarity to those
returning from the antenna to the transmitter,
the outgoing as well as the incoming waves can
be measured. Two reflectometers are used, one
with the pickup coil oriented to indicate the
incident wave, and the other the reflected wave,

After the incident-wave reflectometer has
been calibrated with a dummy load, indications
of transmitter peak-power output are directly
obtainable, The other reflectometer head --
the one responsive to the reflected wave -- also
controls the bias voltage of an RCA-2050 tube,
which fires and actuates overload relays when
the voltage travelling toward the transmitter
exceeds a predetermined value,

VIDEO MODULATOR - The picture amplifier and
modulator unit (see Figure 6-4) includes two
video amplifier stages, the modulator stage,
sync expander, sync separator, sync amplifier,
and a d-c insertion diode. Three RCA-6AG7 tubes
in parallel comprise the first video stage. In-
put level canbe controlled either at the trans-
mitter or from the console. Control of the gain
from the console is achieved by a reversible
motor which drives the gain potentiometer.

From the first amplifier, video signals pass
through a high-frequency compensating network
to the second video amplifier, consisting of
two RCA-307 tubes connected in parallel. To
compensate for the loss in sync-pulse amplitude
in the succeeding modulator and power amplifier
stages, an RCA-6AG7 tube is connected in paral-
lel with these 807's. Since the 6AG7 tube has
high transconductance (and sharp cut-off), it
is used to expand the synchronizing pulse. This
is done by using the plate current of the tube
to increase the combined plate currents through
the amplifier load during the pulse interval.
The 6AG?7 tube can increase the pulse amplitude
by approximately 30 percent without increasing
the amplitude of the picture signal. Its plate
current is controlled by a potentiometer in the
screen circuits,

Six RCA-4E27 tubes in parallel modulate the
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Figure 6-4 - Video Modulator Unit. Compact and
Relatively simole, this unit includes three
straightforward video stages (the /ast of
which develops all the video power needed
fully to modulate the RCA-8D2/ tube in the
picture PA), plus the sync separator and ex-
pander circuits required in all video trans-
mitters. By this simple, fool-proof unit,
high-level modulation can be used, el/iminating
the chain of Class B /inear stages which are
necessary In "low-/evel” transmitters.
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grids of the power amplifier. The modulator
plate load is a constant-resistance network
having four high-frequency sections and three
low-frequency sections. This network maintains
a constant impedance of 500 ohms over the en-
tire video band. The section which tunes to the
lowest frequency in the band utilizes the inter-
nal resistance of the modulator power supply as
a portion of the plate load, permitting excel-
lent frequency response down to and including dec.

A "clamp"-type d-c restorer circuit is used
in the modulator stage. This circuit, which
actually employs a sync separator (RCA-6J5), a
sync amplifier-inverter (RCA-6AC7), and a bias-
ing and restorer tube (RCA-6H6), partially dis-
ables the modulator tubes during the last part
of the horizontal blanking signal immediately
after the sync interval. This clamping action
reduces to negligible amplitude such spurious
low-frequency signals as microphonics, power-
supply surges, and 60-cycle hum introduced in
prcceding stages.

The horizontal sync separator is transformer-
coupled to the sync amplifier and phase inver-
ter, The transformer is tuned by associated
tube and stray capacities so that one-half cycle
at its resonant frequency has a duration of ap-
proximately two microseconds. ilighly damped by
core losses, and to some extent by circuit
losses, the transformer dissipates its stored
energy in the form of a pulse which is then am-
plified and inverted by the 6AC7 tube. Phase
inversion is necessary to make the 6H6 clamp
the modulator on the rear portion of the hori-
zontal blanking signal. Thus, modulator bias
is automatically corrected to the same prede-
termined value for each blanking pulse, and in
effect, the d-c component restored.

For test purposes., it is desirable that the
transmitter be capable—qf being modulated with
a signal which is symmetrical above and below
the axis, such as a sine wave, video sweep, or
square wave, This type of signal is unusual
for a television transmitter and requires spe-
cial adjustments which differ from those for a
standard composite television wave form. This
adjustment is termed "mid-characteristic" op-
eration, and the changeover from normal "d-c
restorer" operation is accomplished by an "AC-
DC" switch. With this switch in the "AC" posi-
tion, the grids of the second video amplifier,
the sync amplifier, and the modulator stage
tubes are returned to a manually adjusted bias
source, In addition, the clamping circuit tubes
are biased to cut-off.

An RCA-6AG7, coupled througha resistance at-
tenuator to the outputof the picture modulator,
functions as a phase inverter, producing video
signals of negative polarity for the monitor in
the console.
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POWER SUPPLIES (for picture portion)-Plate and
screen voltages for the picture r-f portion of
the transmitter are furnished by power supplies
located in frames 5, 6, and 7 of the transmit-
ter, By equally dividing the power supply com-
ponents between these three frames, overcrowd-
ing was avoided, resulting in easiest accessi-
bility to all components of the transmitter.

Frame 6 houses, in addition to the 5000-volt
supply for the plates of the power amplifier, a
regulated 300-volt d-c supply which furnishes
screen voltage to the power amplifier, and a
1500-volt supply for the plates and screens of
the oscillator stage, the frequency multipliers,
and drivers. The driver plate transformer is
in frame 5, and the voltage dividers for this
supply are in frame 7. The 5000-volt and the
1500-volt power supplies both use 3-phase,
full-wave rectifier circuits, the 5000-volt
supply employing six RCA-3003 rectifiers and the
1500-volt supply utilizing three RCA-3008 rec-
tifiers. The electronically regulated 800-volt
supply uses two RCA-316 tubes in a single-phase,
full-wave rectifier circuit. A knife switch is
provided for changing the primary circuit of the
high-voltage transformer from a delta to a wye
connection for tune-up operation.

Modulator plate voltage is obtained from a
1000-volt supply using six RCA-8003 rectifiers.
From voltage dividers in this supply, 600-volt
dc is fed through an electronic voltage regu-
lator and applied to the modulator screens and
to the plate and screens of the video amplifiers.
A 300-volt d-c supply furnishes bias voltages
for both the video and r-f stages of the trans-
mitter,

An electronically regulated, single-phase,
full-wave rectifier supplying 1100 volts dc
provides the negative reference voltage which
opposes the variable (with d-c component) posi-
tive voltage at the modulator plates. This bias
supply is connected between the plates of the
modulators and the grids of the power amplifier
through the high-frequency portion of the con-
stant-resistance network.

Of the various modulation methods, RCA has
chosen high-level grid modulation as being the
most practical, efficient, and economical, par-
ticularly for powers of the order of 5 kilo-
watts, It affords much greater simplicity in
driver-circuit design and adjustment than do
low-level modulation methods. Moreover, slight
maladjustment of the driver stages feeding a
modul ated power amplifier has no detrimental ef-
fect on picture quality, as long as correct
drive to the PA is maintained.

It may be of interest to discuss briefly the
underlying principles involved. It is mani-
tfestly true that the ultimate objective is to
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feed to the radiating system an r-f signal mod-
ulated by picture sidebands of an amplitude
compatible with the rated output power. This
sideband energy must be obtained by amplifica-
tion of the low-level output of the line ampli-
fier. This amplification can be accomplished
either by broad-band r-f amplifiers or broad-
band video amplifiers. TIhe same picture energy
amp lification must be accompl ished in either
case. Itis RCA's opinion that the picture sig-
nal should be built up at video frequencies to
as high a value as possible with simple,
straight-forward tubesand circuits, and without
utilizing water-cooled tubes for the modulator
stage. Video is then combined on the carrier at
this level. In the TT-5A, this point occurs at
the grid of the final stage. For higher powers,
a single linear amplifier would be used. Thus,
video band-pass characteristics are accomplished
in circuits with fixed constants, requiring no
adjustments, contrary to the low-level system
where the band-pass is entirely a matter of
tank circuit tuning.

The FCC regulations state that each station
shall keep on hand a stated percentage of spare
tubes for each type employed in the transmitter.
In some cases, this might represent a large
stock of spares, occupying extensive storage
space in the station. In designing the TT-5A4,
an attempt has been made to reduce the number
of different tubes required. As a result, even
though both the soundand picture channels, with
their power supplies, employ 75 tubes, there are
only 15 different types. This, we believe,; is
a worthwhile reduction.

SOUND CHANNEL - The tube complement and circuits
of the sound driver and power amplifier are
identical to those of the picture driver and
power amplifier, and are shown on the schematic
of Figure 6-9. Of course, the carrier frequency
for the sound channel is higher by 4-1/2 mc, and
since a "direct-fm" exciter is used, the car-
rier frequency is not generated by a crystal
oscillator, and the power amplifier is not mod-
ulated directly as is the case in the picture
channel. But the important advantages of crys-
tal control are also obtained in the sound chan-
nel by the use of that well-known f-m exciter
used in RCA's dependable "BIF" series of f-m
broadcast transmitters. The circuit employed
retains the advantage of simplicity and fewer
tubes, while at the same time it provides good
ridelity and the frequency stability of crystal
control.

POWER SUPPLIES (for sound portion) - The f-m
exciter unit obtains its operating voltages from
a regulated power supply using three RCA-5U4G
rectifiers in a full-wave single-phase circuit.
A selenium bridge-type rectifier supplies
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19 volts dc to operate the filaments of the two
reactance tubes, the modulated oscillator, and
the first frequency multiplier tube,

A 1500-volt d-c supply, identical to the pic-
ture supply, furnishes plate and screen volt-
age to the r-f driver chain. The screen-grid
voltage of the power amplifier tube is taken
from a voltage divider in the output of the sup-
ply. The rectifier and filter of this supply
are in frame 3, the power transformer in frame
1, and the output voltage divider in frame 2.

The power amplifier plate voltage is fur-
nished by a 5000-volt supply mounted in frame 3.
This supply is identical to that used for the
picture power amplifier. Operation on either
high or low power is provided by a switch which
changes the connections of the plate transformer
from a delta to a wye circuit.

The normal sound input to the transmitter is
pre-emphasized according to the standard 75-
microsecond pre-emphasis curve. For listening
purposes, a 75-microsecond de-emphasis network
is included in the console behind the master
monitor control panel. When 81112 is in the IN
position, the de-emphasis network functions for
the signal to the sound monitor amplifier when
the transmitter input push button is depressed.
When 81112 is in the OUT position, the trans-
mitter input siznal appears at the sound moni-
tor amplifier without de-emphasis. Since the
de-emphasis network is a dissipative network,
the level at the sound-monitor gain control will
increase about 20 db, when the switch is
changed from IN to OUT. The VU meter reading
of the input level is not affected by the de-
emphasis network or by s51112.

R-F LOAD AND WATTMETER

The R-F Load and Wattmeter is designed to
terminate the output of either the visual or
aural transmitter and to allow measurement of
the power output of either transmitter,

The MI-19024-A R-F Load and Wattmeter is used
with the TT-5A transmitter. rhis load consists
of a vertical cylindrical tube containing the
terminating resistor which is immersed in a
coolant liquid. Tap water is connected to a
heat exchanger coil within the tube, to carry
away the heat developed. An internal interlock
shuts down the transmitter to protect the load
if the water supply fails. A rectifying crystal
is connected to a probe on the resistor and in-
dicates r-f power on a d-c milliammeter which
is calibrated directly in r-f watts.

The MI-19024-B R-F Load and Wattmeter is used
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with the TI-500A transmitter described in a
later paragraph. This load also contains a re-
sistor which terminates the transmission line,
but the unit is air-cooled.

Each unit correctly terminates a 5i-1/2-ohm
line, and has an input consisting of a section
of solid-dielectric flexible cable with suitable
fittings for ease of connection to the trans-
mission line from the transmitter.

CONSOLE

I'he RCA TT-5A console is constructed as an
attractively styled control center, where the
operator has complete finger-tip control over
both the operating and monitoring functions of
the transmitter. Note from Figure 6-5 that,
provided in the console, are the essential start-
ing and stopping switches, gain controls, indi-
cator lamps, and output meters for transmitter
operation, plus complete monitoring facilities
for control of both picture and sound signals.,
Spare push button switches provide for the use
of remote picture and sound monitors.

Manual as well as automatic sequence starting
is provided. While under automatic operation,
repcated overloads produce a three-shot re-
cycling sequence which automatically returns the
transmitter to the air up to three times, If
such overloads persist, the transmitter is
automatically shut down. A special hold-in
circuit instantly returns the transmitter to the

air after momentaryline failures, thus avoiding
the normal 30-second delay required for the
plate time-delay relay to close.

Monitoring of the sound channel is provided
by a VU-meter and speaker circuit. The desired
sound level can be maintained at will, and rel-
ative indications of r-f power output from the
sound transmitter are given by an output meter
also located in the console. The monitoring
speaker as well as the VU-meter can be switched
by push buttons to either the input or the out-
put of the audio channel. Two spare push but-
tons for switching to either of two input lines,
and another spare push buttonfor both the meter
and the speaker, are provided for remote moni-
tors or other optional use,

Just as the console provides adequate means
for control over the sound signal, it offers
comparable facilities for the control of the
picture signal. Picture gain can be controlled
manually, and power output indications are like-
wise obtainable on a panel meter in the con-
sole, Moreover, facilities for observation of
the picture and for analysis of its wave forms
are provided in a compact, easy-to-operate mas-
ter monitor built into the center of the con-
sole,

The master monitor is identical to HCA's
studio monitor and contains a 10-inch kinescope,
5-inch C&0 tube, video amplifiers, a sync sep-
arator and sweep circuits. The 10-inch tube
serves for observation of the picture, and the

Frgure 6-5 - T7-5A Television Transmitter Console
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5-inch CRO tube reproduces the picture wave
form, For measuring purposes, a calibration
circuit establishes a definite voltage level on
the oscilloscope screen. The CRO is synchron-
ized (by the separator circuitsof the kinescope)
at half the sweep frequency of the kinescope.
Therefore, two cycles of either horizontal or
vertical sync pulses (as selected) appear on
the Ca0 tube screen., The monitor can be oper-
ated with composite picture and sync input, or
driven by separate picture and sync voltages.
The grid circuit of the CRO tube in the monitor
is accessible to apply pulse voltages for meas-
urement. Depth of modulation can also be meas-
ured. All circuits are easily accessible for
servicing,

In use, the few operating controls of the
master monitor require only a minimum of adjust-
ment, Upon starting, adjustment of the "hold",
focus, and brightness controls is of course re-
quired, but thereafter only slight readjustment
of the brightness and focus controls may become
necessary as tubes age or room lighting condi-
tions change. Aluminum backing on the screen
of the kinescope produces a very brilliant pic-
ture.

PROGRAM-SWI TCHING CONSOLE

For those stations which require facilities
for switching program sources at the transmit-
ter site, the "Program-Switching Transmitter
Console" is available. This system facilitates
rapid switching between two to five television
program sources at the Iransmitter Console posi-
tion, Individual presettable gain controls are
provided for each picture and each sound source.
The several sources of picture and sound may be
individually previewed and measured; and their
levels may be adjusted at any time, either be-
fore switching, or while the program is on the
air,

T'he change from one program source to anotrer
is accomplished by mechanically interlocked
push-switches. Separate rows of buttons are
provided for picture and soundto attain greater
flexibility than would result from simultaneous
switching by a single button, If simultaneous
switching is desired, it is only necessary to
press sound and picture buttons at the same
time. Two groups of buttons are provided, the
left group for program switching and the right
group for preview monitoring. These buttons are
in two horizontal rows, with corresponding pic-
ture and sound buttons one above the other and
close enough together to be pressed with two
fingers of one hand., five identical sound and
five identical picture channels are provided, so
that transfer between program sources can be
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made instantly at any time. The five channels
may be utilized for any combination of program
sources, which may include locally generated
picture signals such as from slides, film, a
monoscope camera, etc., with sound signals ob-
tained from microphone turntables, film, or
other source, as well as signals from remote
points,

Tally lights are provided on the console
adjacent to the push buttons to indicate the
circuits in use. Terminals are provided for
connecting external indicator lights where
needed in announceé booths, control rooms, and
studios. Also relays can be connected to si-
lence loudspeakers used for cueing in announce
booths.,

COMBINATION CONSOLE

It is not uncommon to find station layouts
in which TV, AM, and FM transmitters are located
at one site. In many of these it is highly de-
sirable to combine the transmitter console
facilities. To fill this need, RCA has avail-
able standard desk sections, 90° desXk sections,
main turrets, and wing turrets, which may be as-
sembled in any manner desiredto form a complete
and flexible transmitter console for any number
or kind of transmitters., A combination console
set-up which is capable of handling a TV, an
Fil, andan AM transmitter is shown in Iigure 6-6.
Note that all RCA turret panels, whether AM, FM,
or TV, will fit the standardized turret hous-
ing. In addition, blank panels are available
for specialized customer-built control assem-
blies. Desks without turrets may be used for a
log typewriter,

OTHER FACILITIES SIMPLIFYING
TRANSMI TTER OPERATION

A full complement of meters and indicator
lamps mounted along the top front panel of the
transmitter permit quick observation of the
performance of the various circuits. Separate
panel meters are provided for the grid and
cathode circuits of the driver stages and for
the grid, screen, and plate circuit of each
power amplifier., The meters can be easily read,
since the scales and pointers are finished in
highly contrasting white on black% background.

Switches for separate control of the sound
and picture transmitters are mounted on a con-
trol panel behind a non-interlocked door. TIun-
ing controls for the sound and picture driver
circuits are brought out to the front of inter-
locked screen doors, behind non-interlocked
front doors of the respective cabinets.
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Figure 6-6 - Combination Consoles may be set up for control/ of any number OF dijfFfer-

ent types of transmitters.
an AM transmitter.

The circuit arrangement and mechanical lay-
out of the transmitter permits maximum acces-
sibility. "Walk-in" type construction is em-
ployed throughout, as shown in Figure 6-1i. Sub-
assemblies are mounted to side panels providing
easy access through both front and rear inter-
locked doors. Where possible, components are
surfaced-mounted, and wiring is exposed for
speedy circuit tracing and servicing. The elec-
trical circuits are arranged and connected so
that emergency service work can be done on one
transmitter while the other is on the air, even
to changing the power amplifier tube of either
transmitter. All fuses areof visual indicating
type, grouped on the control panel for quick
identification. High-power circuits are doubly
protected by high-speed overload relays backed
up by thermal circuit-breaker switches. Similar
circuit-breaker switches connect water-cooler,
blowers, filament, and low-power circuits to the
power line.

Tube changing in the TT-5A can be accom-
plished in a matter of seconds, thanks to the
convenient "open" arrangement of the components.
Even the RCA-8D21 water-cooled power amplifier
tube, with its unusual construction, does not
require more than a few minutes to change. When
a spare 3021 tube has been previously assembled
to a mounting plate identical to the one in the
transmitter, tube and mounting plate can be
quickly replaced as a single unit, greatly sim-
plifying the procedure. This mounting plate
assembly is shown in Figure 6-7.
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The above console set-up will handle a TV, an FM, and

In the TT-5A, the need for replacing tubes
and other components should be very infrequent
because the power dissipated in the circuits and
the applied operating voltages are well below
the conservative ratings of each component,
However, transmitter failures are never beyond
the realm of possibility, and their importance
is directly related to the complexity of the

PH-61506

Figure 6-7 - Spare-tube Mounting Plate. With a
spare tube mountedon this plate, andwith most
water connections made, the assembly s ready
for quick rnsertiron.
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transmitter, In some instances, the completion
of emergency repair work may be followed by re-
tuning of the entire picture channel -- a labo-
rious and time-consuming task which increases
in size as the number of broad-band stages in-
volved. Lack of a simple and reliable method
of tuning up, therefore, may mean loss of valu-
able program time. The logical step is to pro-
vide effective means for quick restoration of
service to be applied when failure occurs. One
of these measures is the quick-picture-tuning
method to be described.

PICTURE TUNING

As previously mentioned, the power amplifier
of the RCA TT-5A is the only broad-band stage
in the transmitter., All r-f stages, up to and
including the gridof the final stage, are tuned
by means of meter observations in 30 to 45 sec-
onds. (In the caseof the channel 6 to 13 trans-
mitter, this may be somewhat longer unless the
two extra stages have previously been neutral-
ized.)

The video stages are fixed and need no tun-
ing. The operator can follow either of twopro-
cedures, If time is limited and he wishes to
get on the air as quickly as possible, he will
switch in a "tune-up" crystal provided for this
purpose in the oscillator (approximately 1.6 mc
higher in frequency than the normal crystal),
tune up the r-f chain, tune the P4 output by
meter readings, and adjust the output coupling
to give pre-determined meter readings. The pur-
pose of the tune-up crystal is to allow the PA
to be tuned up so that its pass-band is symmet-
rical about the carrier. The normal crystal is
then switched in, the exciter stages touched up
again for the normal frequency, and the excita-
tion voltage on the final stage adjusted. The
transmitter is then ready for modulation, and
the tuning will be found close enough to give a
good picture, For more accurate settings, the
video sweep is fed into the picture input of the
transmitter (after switching the transmitter to
"sine-wave" modulation) and the signal is de-
modulated by. the "sweep diodem" of the WM-13A.
Its output may be presented either on an oscil-
loscope or the console CRO and will show the
band-pass characteristic. All the necessary
adjustments to the PA plate may be made by ob-
servations of this presentation. In addition,
any desired record can be made by transcribing
from the scope.

MONITORING

As mentioned before, detected signals from
the sideband filter can be fed to the master
monitor in the console to provide composite
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black-and-white pictures as well as wave form
displays of the signal being transmitted. De-
tection of the r-f signals for feeding to the
picture tube is performed by the RCA WM-12A
Picture Demodulator, while video signals for
wave form display are provided by the RCA
WM-13A Modulation Monitor.

Both these instruments are high-quality
superheterodyne receivers, tunable to any one
of the i2 Metropolitan television channels. A
stage of r-f amplification, two stages of pic-
ture i-f (25.75 mec), a diode-crystal second
detector and two stages of video amplification
are employed in each instrument. The WM-13A
has additional components such as an auxiliary
diode-crystal rectifier, two stages of sync
amplification and separation, and %eyer stages.

The germanium crystal rectifier of the
WM-13A, with its input connected to pickup r-f
from the transmission line and its output con-
nected through a low-pass filter to the oscil-
loscope, provides for observationof the trans-
mitter frequency-response characteristics. A
single switching system, employing a remotely
controlled relay, allows the selection of
either the crystal or the superheterodyne out-
puts. Synchronized by vertical sync pulses
separated from the composite video signal, the
keyer of the WM-13A produces a rectangular
pulse of a duration equal to the flyback time
of the oscilloscope sweep. This pulse is used
to stop the local oscillator of the WM-13A for
the pulse duration; and since the oscilloscope
sweep frequency is half the picture frame fre-
quency, the resultant display on the oscillo-
scope screen will be ‘a horizontal base line
referencing zero output from the transmitter.

SMALL SPACE REQUIREMENTS FOR THE RCA TT-5A

The entire television transmitter is housed
in eight steel frames bolted to a base frame,
The base structure is divided so that the
eight cabinets can be placed either in a
straight line or in several possible U-arrange-
ments. A bulk wiring material kit is supplied
as part of the equipment, and cabinet inter-
connecting wires are designed to be run through
the base structure to the various, conveniently
located, terminal boards. Only external con-
nections need be considered when planning the
installation, as long as continuity is main-
tained along the front surface of the cabinets
comprising the transmitter,

Individual air-inlet openings with removable
filters near the bottom of the rear door of
each compartment assure a clean, dust-free air
supply to the interior of the transmitter.
Small blowers, installed inside the cabinets;,
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supply adequate ventilation, warm air being ex-
pelled through louvres in the top plates. For
ease in shipment, handling, and installation,
the RCA IT-5A transmitter is packaged in rela-
tively small units. The largest unit, uncrated,
measures 23 x 38 x 80 inches and weighs about
600 pounds.,

WATER CIRCULATOR

The water-circulating system is furnished
complete as a unit, and may be located remotely
from the transmitter in an adjoining room or on
the floor below. The unit is a closed system
and therefore does not require an external water
supply. Connections to each PA cabinet can be
made via either a trench terminating beneath
the transmitter, or through access holes in the
rear of the PA cabinets. Circuit-breaker type
switches are used in the feed circuits for the
water cooler as well as for the ventilating
blowers,

Two sizes of water circulators are now avail-
able for use with the I'T-5A transmitter. The
larger size, MI-19041, will furnish up to 6.0
gpm for the transmitter proper, plus 4.5 gpm
maximum for a dummy load, and will operate at
50 cycles as well as 60 cycles with only very
minor modifications. The smaller, and newer,
circulator, MI-19045, will furnish up to 7 gpm
for the transmitter, and is designed to operate
only on 60-cycle supply. This reduced water-
flow rating is justified, since the new dummy
loads operate on the "heat exchanger" principle
and, therefore, use the standard mains for water
supply. The latter unit is completely encased
and is somewhat quieter in operation than the
larger unit. The following tabulation shows
the relative ratings and sizes of the two units.

TECHNICAL SPECIFICATIONS
TRANSMITTER
SOUND

Types of emission A3
Frequency range

6-15

Mi-19041 | M1-19045
Rated water delivery, gpm 10.6 7.0
Rated water pressure, psi 75 80
Pressure regulation, psi £ 2 =2 #+5
Rated heat dissipation, kw 15:2 10.0
Overall size, inches 68 x34 x76 | 54 x 25 x 36
Weight, lbs. 1300 550

MEASURING EQUIPMENT RACKS

Figure 6-1i0 shows the measuring equipment
cabinet rac%s which are furnished, as factory-
wired cabinets, for housing the more important
auxiliary transmitter equipment.

The left-hand rack contains the auxiliary
sound equipment, consisting of the following
major units:

GR-1170-A Fil Frequency and Modulation
Monitor

RCA-36A1 Limiting Amplifier

MI-4645 sound Jack Panel

MI-19126 Pre-emphasis Network

RCA-B3A4A sMonitoring Amplifier

The right-hand rack contains the auxiliary
video equipment, consisting of the following
major units:

WP-33A Console Power Supply

TA-5B Stabilizing Amplifier

530-C [A-5B Regulated Power Supply

AI-26245 Video Jack Panel

MI-3262 Power supply for wWi-12A and
Val- 13A

WF-19A Carrier Ffrequency Meter

WE-350 A Carrier Freguency donitor

PICTURE

Channels 2 to 13 incl.

(34 to 216 incl.)

Power output 2 to 2.5 kw
R-F output impedance 72 ohms
Carrier frequency stability t 0.002%

Modulation capability t 40 %kc
iiethod of modulation
Input impedance
Input voltage

800 ohms

t 40-%c swing

www.SteamPoweredRadio.Com

Reactance tubes

+ 10 t 2 db for

4 to 5 kw (peak)

72 ohms

t 0.0027%

907%

Amplitude, PA grid

72 ohms

1 volt, peak to
peak
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‘ TRANSMITTER  (Continued)
SOUND P1CTURE
Frequency response #* Uniform within t 1 db’ #% 2 db at 0.5 mc
from 30 to 15,000 cycles 2 db at 1.25 mc
2 db at 2 mc
2 db at 3 mc
3 db at 4 mec
Audio-frequency distortion #%# 50 to 100 cycles 1.5%

100 to 7500 cycles 1.0%
7500 to 13,000 cycles 1.57%

Noise level:

F-M noise, below t 25-%c 60 db Less than 5% of peak-to-

swing peak signal amplitude
Amplitude noise, rms below

carrier 50 db

For pre-emphasized response, the pre-emphasis filter (MI-4926-4) is to be inserted
in the 600-ohm audio input line.

Maximum variance with respect to the idealized rectified vestigial sideband
response.

St de

Distortion and noise are measured following a standard de-emphasis network.

‘ fransmitter Dimensions:
Length . o & ¢ & @ s » @ » o o = » « & 8 & & & » 203 inches
Height . . . . . .« o 0o e e e e e e 34 inches
vepth (overall, incl. door handles) . . . « &+ =« 33 inches

Weight (approximate)

Transmitter (3 cabinets plus 2 PA cabinets) . . . 3000 1bs.
Console & & & & 5 s @ & & o = o « & & w & & & & 3 600 1bs.
. 650 1bs.
Wwater Circulating System {1300 1bs.
Power Requirements
I'ransmitter:
Line voltage . . . . . . . . .« . . 203/230 volts, 3-phase,
50 or 60 cycles
Power consumption e e e e e . oo ... 24,000 watts
Brrwon PHoBoB o o ¢ o o = « o B 4 4 B 5@ § mem 5 w m w o OO
Console, Crystal Heaters, etc.:
Line voltage . . . . . . . . . . 115 volts, single phase,
50 or 680 cycles
Power consumption (approximate) . . . . . . . . . . 600 watts
VESTIGIAL StDEBAND FILTER
Lower sideband attenuation . . . . . . « « « « « o o o o o . . 20 db or greater at frequencies
‘ below channel
Frequency range
Low-frequency unit . . . . . . . . o . .o Channels 2 to 6 inclusive
digh-frequency unit . . . . . . . . .. 0. e e e e e e e e Channels 7 to 13 inclusive
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VESTIGIAL SIDEBAND FILTER (Continueds

Maximum power transmission (either unit)
Insertion loss

Input impedance . .

Output impedance s

Jimensions: (unit will be ceillng—mounted)
Length

Width
ileight
Weight (approximate)

R-F LOAD

Impedance :
Video staniard— wave ratlo
Frequency range .
Power dissipation (max1mum)

Dimensions:
deight
Nidth
depth
Weight (approximate)

5 kw

3.33% at 100 mc (varies as square-
root of frequency)

51.D ohms

51.5 ohms

92 to 121 inches, depending
on channel

11-1/2 inches

7-3/4 inches

200 1bs,

5i-1/2 ohms

1. i maximum

Channels 2 to 13, 50-216 mc

Output of 5-%w transmitter
(3-%w black-level power)

33-1/2 inches
5 inches

5 inches

46 1bs.

RCA TELEVISION TRANSMITTERS

TT-500A

INTRODUCTION

I'wo low-power television transmitters have
been designed which permit high-definition pic-
ture transmission at the power levels and low
financial outlay required for the smaller metro-
politan areas.

The TT-500A and I'T-5003 transmitters are for
low-band (channels 2 to 6) and high-band (chan-
nels 7 to 13) respectively. Since the tubes
and circuits of these two types are somewhat
different, they will be taken up separately.

The physical specifications and electrical
performance, however, are largely the same for
both types and, wherever possible, are listed
for both types. The use of high-gain beam power
tubes throughout these cquipments makes possible
a low tube-complement cost and, at the same
time, gives greatest simplicity in tuning opera-
tions,

www.SteamPoweredRadio.Com

AND TT-5008B

The use of single-ended r-f circuits in these
equipments ma'tes possible some simplifications
in circuit layout. The grounded type of cir-
cuit also removes the need for a "balun" between
amplifier and transmission line.

Control circuits in visual and aural units
are separate, so that either portionmay be used
independently of the other.

The complete aural and visual transmitter
combination is 56 inches wide, 34 inches high,
and has a depth of 31 inches over the door
handles. WDetailed dimensional information is
given in Figure 6-19.

The external appearance of these two equip-
ments is essentially the same and is shown by
the photograph Figure 6-1il.

A typical 500-watt transmitter room arrange-
ment is shown in Figure 6-12.



http://www.SteamPoweredRadio.Com

Figure 6-11 - TT-500A or 7T7-5008 Television Transmitter and M/ -19266 Console

TT-500A TRANSMITTER (CHANNELS 2 TO 6)

VISUAL PORTION - The r-f and driver stages are
conventional narrow-band circuits which may be
tuned quickly and accurately by meter indica-
tions. !ligh-level video modulation is applied
to the grids of the visual power amplifier tubes.
These tubes, two RCA-4-250A/5022, are parallel-
connected and their output circuit is the only
broad-band r-f circuit in the equipment. Fig-
ure 6-13 shows the tube line-up and circuit for
this equipment.

The visual carrier frequency is established
by direct crystal control. The crystal unit, a
type TmV-129C temperature-controlled unit, oper-
ates at one—half the visual carrier frequency.

The video amplifier and modulator include

www.SteamPoweredRadio.Com

.

three stages. Two type RCA-6AG7 tubes are used
as high-quality voltage amplifiers to excite
the grids of three type RCA-307 beam-power mod-
ulator tubes, Suitable high-frequency compensa-
tion is applied to the plate load circuit of
each stage to provide uniform gain and phase
characteristics over the entire video-frequency
band.

A clamp-type d-c restorer circuit is used in
the grid circuit of the modulator stage. The
clamp circuit employs a sync separator (RCA-
5C4), a pulse amplifier and inverter (RCA-6C4) ,
and a restorer tube (RCA-6AL5). These tubes
are actuated by the sync pulses to generate a
half-sine-wave pulse of about two microseconds
duration immediately following each horizontal
sync pulse. The generated pulse and its in-
verted self are applied to the restorer diodes,
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Figure 6-12 - Typical 500W Transmitter Room

and during the resulting conduction period the
modulator bias is set to the correct value for
the blanking pedestal level.

An amplifier coupling switch is provided to
disable the clamp circuit just described, when
making tests with other than RMA picture signal
input to the modulator. The AC position is used
for sine wave, square wave, or sweep modulation,
while the d-c position serves only for composite
picture signal input.

A variable-gain sync expander tube (RCA-6AC7)
is connected parallel to the second video stage.
This tube pre-emphasizes the sync portion of the
picture signal in order to make up for a slight
compression of sync which occurs in the modula-
tor stage and in the r-f modulated amplifier
stage.

A type RCA-6V6-GT tube samples the output of
the video modulator and provides 2 volts of
video to operate the master monitor in the con-
sole.

Coupled to the r-f transmission line inside
the cabinet is the reflectometer unit, which
provides continuous monitoring of the relative
peak-power output; in addition, when rotated
180 degrees by a front-panel knob, the ratio of
the reflectometer readings in the two positions
is the reflection coefficient at the antenna
transmission line connection.

Figure 6-1i3 outlines the fundamental video

If You Didn't Get This From My Site,
Then It Was Stolen From...
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modulating circuits of the TT-500A. In this
transmitter the drop across the modulator load
resistance is the total grid bias for the R-F
Power Amplifier. This scheme of direct coupl-
ing between stages necessitates inverted opera-
tion of the modulator power supply, as shown in
Figure 6-13.

The variable inductance in the plate circuit
of the R-F Power Amplifier, together with the
distributed capacitance of the tubes, consti-
tutes the primary circuit of the overcoupled
output circuit. The coupling capacitor is ad-
justable, to permit variation of the coupling
coefficient between this primary circuit and the
secondary resonant circuit. The secondary cir-
cuit includes the antenna transmission line as
a load. A variable capacitor, in shunt with
this load, permits variation of the effective
series-resistance component to obtain optimum
secondary "Q".

AURAL PORTION - T'he RCA FiM exciter, which has
been highly successful in the Fd broadcast field,
is used in the aural portion of the TT-300A.
This exciter drives a single RCA-4-125A/4D21
doubler stage, which in turn drives the final
PA using two RCA-4-125A/4D21 tubes in parallel
connection. All the circuits in this unit are
easily and quickly adjusted by means of meter
indications.

The aural carrier frequency is automatically
adjusted by comparison with oscillations of a
temperature-controlled crystal unit, RCA type
TuV- 129G,

Figure 6-14 is a simplified schematic diagram
of this equipment, showing the tube ling-up and
basic circuit.

TT-5008 TRANSMITTER (CHANNELS 7 T0 13)

VISUAL PORTION - The visual carrier frequency
in this unit is established by direct crystal
control. The type TMV-120C temperature-con-
trolled crystal unit operates at i/36 the output
frequency., Following the low-power frequency-
multiplication stages, an RCA-4X150A doubler
stage drives the final high-level modulated PA
stage consisting of four RCA-4X130A tubes in
parallel.

Figure 6-15 shows the tube line-up for the
TT-5003. ilere, as in the RCA TV Transmitters,
high-level grid modulation is applied in the
final R-F Power Amplifier stage. Only one r-f
circuit, the PA output circuit, handles modula-
tion components.

In this transmitter, as in the TT-500A, the
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output-circuit primary is tuned by distributed
Capacitance, the variable element being the in-
ductance. A novel, collapsible, coaxial bellows
arrangement is the inductive element. The over-
coupled secondary is a high-impedance coaxial
section. Despite the physical differences
necessitated by the higher frequency, the type
of circuit is equivalent to the output circuit
of the IT-500A.

A three-5tage video amplifier modulator is
used in this transmitter. Iwo stages of voltage
amplification, using RCA-6AG7 tubes, are em-
ployed ahead of the modulator stage. The modu-
lator tubes are two type RCA-307's, the output
of which is coupled to the grids of the final
r-f power amplifier. Direct coupling to the
point of modulation is made through two bucking
bias glow tubes, These tubes provide a con-
stant negative bias voltage which is added to
the modulator power supply and load resistance
drop to give the correct range of bias voltage
variations to the modul ated r-f stage.

A novel type of sync expansion has been in-
corporated in this modulator. A single german-
ium-crystal diode unit is connected between the
cathode of the modulator and the cathode of the
sccond video stage, and is so biased as to con-
duct only during sync pulses. Its conduction
develops a voltage pulse across the cathode re-
sistor of the second video stage during the
sync pulse. This developed voltage is regenera-
tive and adds to the total sync output.

A clamp-type d-c restorer circuit is used in
the grid circuit of the modulator stage. The
Clamp circuit employs three sections of RCA-6J6
tubes. Two sections are used in the sync sepa-
rator and the third section serves as a pulse
amplifier and inverter, The d-c restoration
diode is an RCA-BALS3.

I'wo reflectometer units are included, one
cach in the transmission line of the visual and
the aural units., [Ihese instruments contribute
the dual feature of continuous power-output in-
dication and ability to quickly determine the
condition of transmission-line match at the
transmitter output coaxial line.

AURAL PORTION - The circuit diagram Figure 6-16
shows details of the aural transmitter., igxcept
for the FuJ Exciter, this unit is the same as
visual unit.

ASSOCIATED EQUIPMENT

CONSOLE - The monitoring console furnished with
the 500-watt transmitters provides push button
switching facilities for checking the quality of
picture and sound signals at various points in

www.SteamPowefed Radio.Com

the transmitters. This function is invaluable
for maintaining highest quality transmission,
since it permits immediate localization of any
defect that may appear in the transmitted
program,

The standard RCA TM-5A master monitor unit
is used for picture and wave form observation.
Its kinescope and CRO tube input circuits may
be independently switched to the different cir-
cuits by means of push buttons. Push button
switching is also employed at the input of the
VU-meter and the monitoring amplifier input.

A gain control for both the visual and the
aural signal input to the transmitter is con-
veniently located on the panel of the console.

All monitoring circuits are readily avail-
able on the jack panels of the monitoring equip-
ment racks, thus facilitating other than routine
tests, and making possible the use of monitoring
c¢quipment for other than strictly transmitter
testing.

Outline dimensions for the console are given
in Figure 6-17.

MONITORING EQUIPMENT - Since the monitoring re-
quirements are the same for a low-power as for
a high-power station, the same set of monitor-
ing equipment is furnished with 500-watt trans-
mitter as with the higher-powered RCA Television
Transmitter,

The standard monitoring equipment rack in-
cludes program limiting and monitoring ampli-
fiers for the aural transmitter, and a stabiliz-
ing amplifier for incoming video signals.

Complete frequency and modul ation monitoring
units are provided for the aural and visual
transmitters,

Visual monitoring equipment includes the RCA
Wil- 12A and WM-13A units. The WM-1i2A demodulates
the output of the vestigial sideband filter in
the same way as a receiver, giving the neces-
sary video output to operate the picture kine-
scope in the console master monitor. The Wil-1i3A
gives either of two output signals which display
the synchronizing wave form or the sweep response
characteristics, at the option of the operator.

All test equipment terminals, and the termi-
nals of signal circuits to the various pieces
of audio and video ecquipment, are brought to
Jacks on the monitoring equipment racks. By
the use of patch cords and jumper plugs, great
flexibility is attained in the connection of
equipment,

R-F LOAD AND WATTMETER- A dummy load, MI-19024-B,
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properly terminates the output of either the
‘ aural or visual transmitter, and gives a meas-
urement of the average r-f power. A coaxial
coupling is provided for making connection to
standard 1-5/3-inch, 51-5-ohm transmissionline.

The internal resistance element of the r-f
load is liquid-immersed, and the heat therein
developed is conducted to the external radiating
fin structure.

OPTIONAL METHOD OF
MOUNTING SHOWN IN

u

w\

4 MTG. HoLes

Power output is measured by a calibrated
crystal detector and current-indicating instru-
ment which is coupled into the r-f feed line.
The time constant of the meter circuit is such
as to give an indication of average power of a
black television picture, as required by FCC.

l I

| RG 8/V CABLE

This load is shown in the drawing Figure 6-13.

NAME R F LOAD & WATTMETER
500 WATTS

MI 19024 B

FREQUENCY MC 54-2l6

WEIGHT LBS 20

R F INPUT 1% sz

RF OUTPUT —

NON- RF CONNECTIONS —

TYPE OF MOUNTING HORIZONTAL SURFACE WITH FREE
AIR CIRCULATION. USE A FAN IF
AMBIENT |S OVER |00 F.

NOTE OPTIONAL MOUNTING.

' Figure 6-18 - 500-watt R-F Load and Wattmeter,
Ml -19024-B, Outl/ing Drawing (M-450447)

PERFORMANCE SPECIFICATIONS

TRANSMI TTER

Type of emission

IT-500A

IT-5003

Power output into transmission
line

R-F output impedance

Carrier frequency stability

Modulation capability

Method of modulation

Input impedance

Input voltage

Frequency response

Frequency range {

SOUND

A3

Channels 2 to 3
Channels 7 to 13
250 watts

5i.3 ohms

t 0.0027%

t 40 kc
Reactance tubes
600 ohms

+ 10 t 2 dbm

#2 Uniform + 1 db

30 to 15,000
cycles

P.l| CTURE

A5

Channels 2 to 6
Channels 7 to 13
500 watts peak

51i.5 ohms

t 0.002%

0%

Grid amplitude

73 ohms

1 volt peak to peak
#* 2 db at 0.5 mc

2 db at 1.25 mc

2 db at 2.0 mc

2 db at 3.0 mc

3 db at 4.0 mc

*  Maximum variation below idealized rectified vestigial sideband response.

% For pre-emphasized response, the bre-emphasis filter (MI-4926-4) may be
inserted in the 600-ohm audio input line at the most effectiuve point.

www.SteamPoweredRadio.Com
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5-28

TRANSMITTER (Continued)

SOUND P CTURE

Maximum audio-frequency 50 to 100 cycles 1.5%
distortion %% i00 to 73500 cycles 1.0%
7500 to 15,000 cycles 1.3%
Noise level
F-M noise below t 25-kc swing 60 db
Amplitude noise, rms below 30 db
carrier
Amplitude variation over Peak to peak less than 5% of
one frame of picture the synchronizing peak level

wu% Distortion and noise measured following a standard de-emphasis network.

POWER LINE REQUIREMENTS

TRANSMI TTER
VOItage . « « v o 4 v e e e e e e w w o« . . . . 208/230 volts
Phase e e e e e e e e e u e e . e . . . singie
Frequency . . .. . . . . . . .. .. B0/60 cycles
Instantaneous regulation e e e . o . o . . . . 5% maximum
Power consumption (approx.). . . . . . . . . . . 3000 watts
Power factor (approx.) . . . . . . . . . . . . . 03D

(For 50-cycle operation, regulating transformer MI-28176 is required in the aural transmitter.)

CRYSTAL HEATERS ‘
Voltage . « v v o o o « 4 e o o e e e e e e .. 115 volts
Phase . . + « « « o + + « 4 = « e o s« « « . . . single
Frequency . . . . . . . . ... ...... b0/6B0 cycles
Power consumption s e e e . . . .. . . . . . BB watts

MONITORING EQUIPMENT

Voltage . . o « « ¢ o o o s o e e aw e e e e 115 volts
PhHaSe .« v « w w & s ® & 5 & @ % 5 @ @ =« o = @ o single
Frequency . . . . . e . . . . .. . bB0O/60 cycles
Power consumption (approxo) e e e e« . . . . . 1300 watts

MECHANI CAL SPECIFICATIONS
TRANSMI TTER

Dimensions (overall)

Width . . + « « « « « « « « « « « « « « . . . 06 inches

leight . . . . +« +« « . . . 34 inches

Depth (including door handles) .« +« . . . . . 31-1/16 inches
Weight. . . . . .« « v o o o e e e e e e e e 2150 1bs. (approx.)

. Two-tone umber grey with brushed
chrome trim and fittings

Finish

www.SteamPoweredRadio.Com
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Figure 6-19 - TT-500A Television Transmitter
Outline Drawing (T-619049)
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TELEVISION TECHNICAL TRAINING PROGRAM

ANTENNA EQUIPMENT

The following notes are a summary of lectures on antenna equipment for television systems. They
present, in outline form, the various pieces of equipment required in the television station beyond

the transmitter.
struction, and performance.

Each piece 1is discussed as to its purpose, requirements, basic principles, con-

SUMMARY OF | TEMS OF ANTENNA EQUIPMENT %

NAME LOCATION

Balun Part of transmitter
(BALanced to

UNbalanced)

Vestigial Sideband
Filter (VSBF)

Station, behind
transmitter

viplexer Station, behind
transmitter
Triplexer Station, behind

transmitter

Antennas (Standard
Types)

Top of tower

Antennas (Special
Types)

Top of tower

Antennas (Combination
Types)

Top of tower

Transmission Line

In station and between
station and antenna

FUNCTION

Converts double-ended 1line to single-
ended line and maintains bandwidth,

Reduces energy inportionof lower side-
band (portion outside channel) in ac-
cordance with FCC requirements.

Permits simul taneous use of a same an-
tenna for visual and aural transmis-
sion.

Permits simul taneous use of a same an-
tenna for FM Dbroadcasting in the
33-108 mc band.

Radiates visual and aural signals as
well as FM signal, if triplexing is
used.

Same as above, except fulfills special
requirements as higher gain, simul-
taneous use of one site for several
television stations, directional ef-
fects, etc.

Allows FM broadcasting by use of Pylon,

Transmits power with minimum reflec-
tion and loss.

GENERAL PRINCIPLES

TRANSMISSION LINES

THE INFINITE LINE is a uniform line of infinite
length, For practical purposes, a line termi-
nated in its characteristic impedance (also
called surge impedance) behaves like an infin-
ite line because there are then no reflections
from the far end of the line.

SURGE IMPEDANCE - The surge (or characteristic)
impedance of a uniform line is the impedance
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|

1 To
1% INFINITY
1

Figure 7-1 - Infinite Line and Surge I/mpedance

which terminates any length of the line without
causing any reflections.

STANDING WAVES - Standing waves on a transmis-
sion line are caused by reflections from a mis-
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T-2

termination at the far endor by discontinuities
on the line itself. The reflected wave is al-
ternately in phase and out of phase with the
incident wave. Voltage at a point on the line
measures less than the incident wave if the re-
flected wave is out of phase with the incident
wave; it measures more than the incident wave
if the reflected wave is in phase with the in-

cident wave.
AN
T =
Zo*50 f 7~ f?: ‘i%;’
»

o X W 3%
o 9 180° 2\¢°  3e0°

Figure 7-2 - Standard Waves on Transmission Line

VOLTAGE STANDING WAVE RATIO (VSWR) - The VSWR is
defined as the ratioof maximum-to-minimum volts
appearing along the transmission line. These
voltage maxima and minima are the resultants of
the addition and subtraction, respectively, of
the incident and reflected waves. The surge
impedance of the line being designated by Zo
and the terminating impedance being called 7,
the voltage reflection coefficient £ is

7 -1,
¥ =757
o]

Thus for ZO = 50 ohms and Z = 100 ohms we have
K = 0.33.

If 4 and B are the minimum and maximum vol-
tages along the line, respectively, then

B 1+ ||
VSWR =T=——(

= D K =0.33).
l—|Kl for 33

From experimental data it is found that the
VSWR of the antenna system should be i.1 or
better over the band, to avoid the appearance of
echoes or multiple images in the picture.

BANDWIDTH - The bandwidthis the frequency range
over which the VSWR is within certain defined
limits.

General Principles of Maintaining Bandwidth.
a. Constant-impedance Network - This is a par-

allel-resonant circuit having resistive compo-
nents in each branch. When
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the circuit has constant resistance at all fre-
quencies. Such a circuit is used in modulator

and sideband filters.
1
____if____

AN

LOAD
SERIES
C\RCU\T
¥ ,
kz) | | /
! | _w~er
{ o o j FREQUENCY
9 / i '
|
- |
" fr
PaR ALLEL
CQARCUNT

Figure 7-3 - Series-resonant and Parallel-
resonant Circuit Combination

b Series-resonant circuits, used in conjunc-
tion with parallel-resonant circuits, provide
complementary reactances off resonance fre-
quency. This principle is applied in the balun,
diplexer, and antenna. It is illustrated in
Figure 7-3, which shows the circuit arrangement
as well as the series-circuit and parallel-cir-
cuit reactances as functions of frequency The
overall, or net, reactance is the difference of
the series-circuit and parallel-circuit reac-
tances. This net reactance is seen to be nearly
zero within the range of frequencies (marked
off in dotted lines on the diagram) which de-
fines the bandwidth of the system.

BALUN

This name is derived from the words "BALanced
to uNbalanced" which define the purpose and
function of the device, namely, to convert the
output of the 8021 tube to a single 72-ohm line,
on both aural and visual sides.

Figure 7-4 - Quarter-wave Transformer
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The principle is illustrated in the first
diagram of Figure 7-4. This shows a coaxial
line, the end of which is surrounded by a quar-
ter-wave sleeve connected to the outer conduc-
tor. The equivalent circuit of this "quarter-
wave transformer" is shown in the second diagram
of Figure 7-4 as a parallel-resonant circuit
connected between the outer conductor 4 and
ground, but not across the inner conductor B.

As a remedy to this unsymmetrical arrange-
ment, the device of Figure 7-5 is used; it is
here shown with its equivalent circuit. This
is an application of the second principle dis-
cussed previously for broadbanding (see para-
graph b under the heading BANDWIDTH). The ac-
tual circuit shown in Figure 7-5 has been used
in the diplexer. For the balun unit, the loads
and generator should be interchanged.

A B

|—fm\—do—fvm—|
gﬂjﬁ}

|

|

|

|

:
—

Figure 7-5 - Principle of Diplexer and Balun
Units

VESTIGIAL SIDEBAND FILTER

PURPOSE - The vestigial sideband filter reduces
the energy in the lower sideband in accordance
with FCC requirements, while still presenting
constant resistance to the transmitter over the
required band.

REQUI REMENTS

(1) 20 db in addition to the average 40 db in-
herent in typical picture.

(2) Attenuation occurs in 1/2 mc.

(3) Constant VSWR of 1.1, or better, over the
band.

(4) Small power absorption.
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I'ypical characteristics of the vestigial
sideband filter are shown by the curves of
Figure 7-6.

TRANSMISSION OF LOW PASS TRANSMISSION OF HIGH PASS
FILTER SECTION FILTER SECTION

CARRIER

TELEVISION CHANN EL —————e=if

-30

SouND

RELATIVE LEVAL -DB

TYPICAL ENERGY DISTRIBUTION
1

LSO AR Z—————

QUACENT SOUND CARRIER

PicTURE k

'
[
o~

L

F] I3 3 % 35 *e
FREQUENCY - MEGACYCLES [M-45046l1

Figure 7-6 - Characteristics o Vestigial
Sideband Filter

PRINCIPLE - A simple filter circuit is shown in
Figure 7-7. This filter, however, does not
satisfy the second of the requirements listed in
the preceding paragraph. It is thus necessary
to use a four-leg filter network, such as the

Figure 7-7 - Elementary Filter Circuit

(RL = R ={ 1/c

one shown in the upper diagram of Figure 7-3.
Depending on the frequency considered, this net-
work appears with a low-pass or a high-pass
characteristic, and is equivalent to the circuits
shown in the lower diagram of Figure 7-8.

A

1
auzevn
8
+

a1 Pl ume 6 chenitn
FreaUE

q N Ta o A

Resecr

“J!c' ANTENNA
o sysTem

WiGH PASS CHARACTERISTIC

M-450460
Figure 7-8 - Vestigial Sideband Filter Circuit

LOW PASS CHARACTERISTIC

VESTIGAL SIDEBAND FILTER
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CONSTRUCTION - see Figure 7-9 Four shunt lines
are made re-entrant to 1limit the length to a
value of 92 to 121 inches, depending on the
channel considered. Series capacitors and in-
ductors are line sections less than one-quarter
wavelength long. These sections are telescoped
into the shunt sections. The entire unit is 92
to 121 inches long, 11 1/2 inches wide, and
7 3/4 inches high, and is designed for ceiling
mounting,

VESTIGIAL SIDEBAND FILTER
MI-19114 A CHANNELS I -¥I
MI-191l4B CHANNELS VII-XII

MTG. DIM.CLEARANCE
FOR /4 SCREWS,

T

7. )

i s i

A~ B8 “isuaL meut

yw sin g

CHANNEL L CHANNEL L CHANNEL L

I 1217 m |:°B % Kli)o‘
86" | WT X 10~

%m 107" ivq 03| X 1007
T o7 | X 58" paidg 927

[NAME [VESTIGIAL SIDEBAND FILTER

Ml I9114A & 191148
FREQUENCY MC 54-216
WEIGHT e

3 00
RF INPUT8 OUTPUT |53~ SEE_K-8889742
TYPE OF MTG. HORIZONTAL
SUSPENDED FROM
CEILING ABOVE OR
_ _|BESIDE_XMTR.

Figure 7-9 - Vestigial Sideband Filter
Construction

PERFORMANCE - A1l units are preset at the fac-
tory and requireno field adjustment. The power
absorbed in the load resistor never exceeds 30
watts, out of 5 %w, and then only with unusual
detail energy beyond 1 1/4 mc. Normally, neg-
ligible power is absorbed in a typical picture.
The unit meets all requirements outlined previ-
ously. Power absorption is 3.37% at 100 mc.

R-F LOAD AND WATTMETER

PURPOSE - The purpose of the R-F Load and Watt-
meter is to determine the operating power in ac-
cordance with FCC requirements. The unit iso-
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lates the antenna system from the transmitter
when shooting trouble.

REQUI REMENTS

(1 Dissipates black-level power of 3 kw,
(2) Accurately terminates output of trans-
mitter with no reflection.

PRINCIPLE - The principle of the R-F Load is
illustrated in Figure 7-10. A small resistance
Rl can be inserted at section 4. Section B

should then be terminated for a surge impedance
of ZO = Rl, which results in a smaller diameter,
The process is continued until the required
surge impedance is zero. This is merely a means
of using a resistor of finite size when an in-
finitesimally small resistor would otherwise be
needed for proper termination, since this is,
practically, not feasible. The shape of the
outer conductor, theoretically, follows an ex-
ponential curve, but a straight line is close
enough an approximation for practical cases.

Zy y—

Figure 7-10 - Princiole of R-F Load

The resistor is cooled by immersing it in a
light grade of oil. With the unit in vertical
position, the oil flows by convection to the top
of the tank, where it is cooled by tap water
while in use. Power is measured by measuring
the voltage across the resistor, using a crystal
detector for rectification.

CONSTRUCTION - The load consists of a tank 5
inches in diameter and 33 1/2 inches overall in
height. Connections are made to the output of
the transmitter by i0-foot lengths of flexible
RG-19/U cable. The unit terminates a 51.5-ohm
line and, if used with the 75-ohm vestigial side-
band filter, requires a quarter-wave transformer
for conversion. See Figure 7-ii.

DIPLEXER

PURPOSE - The diplexer permits the use of the
same antenna for visual and aural transmission.

REQUI REMENTS

(1) Low cross-talk,
(2) VSWR of 1.1, or better, over the band.
(3) Minimum power absorption.
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RFLOAD AND WATTMETER 5KW
INTERLOCK MI-19024-A

S ! OPERATE THIS END UP
LIFTING HOOKS

SUPPLY & DRAIN WATER
CONNECTIONS /2” |PS.UNION

=

CRYSTAL

E:U:D Ilé-slé OHM

RG-19/u CABLE SEE NOTE

NAME RF LOAD & WATTMETER
5 KW

Ml 19024 -A

FREQUENCY MC 44-216

WEIGHT LBS. 46

RF INPUT 1% 517~

3‘"' OUTPUT

ON RF CONNECTIONS TAP WATER IGALLON PER
MINUTE
TYPE OF MOUNTING [[VERTICAL SURFACE

Figure 7-11 - R-F Load and Wattmeter
Construction

PRINCIPLE - 3ecause of the turnstiling principle,
which will be discussed under the heading
ANTENNAS, the antenna can be considered as two

separate loads - a N-S radiator and an E-W
radiator - which do not interact (see Fig-
ure 7-12). The diplexer is a bridge circuit,

as shown in diagram 1 of Figure 7-12.

The visual transmitter output is single-ended
and must be converted to a double-ended output,
This is done with another balun unit, applying
the same principle as discussed previously.

The use of a combination of sideband filter
and diplexer is illustrated in Figure 7-13.
The energy from the picture transmitter goes
through the vestigial sideband filter, where the
unwanted part of the lower sideband is suppressed.
The energy tobe transmitted then passes through
the diplexer, where the sound energy joins in.
T'he combined television signal (visual and
aural energy) is then fed to the antenna over
twin transmission lines, of which one is made
one-qguarter wavelength longer than the other to
provide proper quadrature-phasing in the antenna.
This last point is discussed in a later para-

If You Didn't Get This From My Site,

Then It Was Stolen From...
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SUPERTURNSTILE ANTENNA
SPLIT SLEEVE =~ EW RADIATORS

SUPERTURNSTILE ANTENNA
N-S RADIATORS

L{CH]

N-S RADIATORS

70 SUPERTURNSTILE
ANTENNA

il

E-W RADIATORS

AT ———spur sieeve

AURAL INPUT

M-4504 46

Figure 7-12 - Diplexer Schematic Diagram

graph concerning the turnstiling principle.

CONSTRUCTION - The construction of the diplexer
is apparent from Figure 7-i4 and is not further
described here,

PERFORMANCE

(i) No cross-talk has ever been encountered in
the many checks that have been made.

(2) The VSWR is 1,1, and usually better, over
the band.

(3) The power absorbedis a fraction of a deci-
bel.

ANTENNA
REQUI REMENTS (ELECTRICAL)

(1) Horizontal polarization.

(2) Operation in 54-38 mc and 174-216 mc bands.
(3) Low VSWR over channel,

(4) Gain sufficient to provide good coverage.
(3) Pattern to be circular,


wigfi
Stolen 2 Line Transparent
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ANTENNA

TRANSM|ISSION

DIPLEX
LuNiT

VESTIGAL SIDEBAND FILTER

l PICTURE SOUND ]

RF TRANSMISSION SYSTEM

I M-450462

Frgure 7-13 - R-F Transmission System

(8) Ability to handle visual and aural power
of transmitter, and additional FM trans-
mitter in some cases,

(7) Must lend itself to transmission of visual
and aural energy from the same antenna,

(8) TIransmission of FM from the same antenna
is also desirable.

REQUIREMENTS (MECHANICAL)

(1) Low wind resistance,

(2) Mechanically rugged.

(3) 3leet melting provision.

(4) Minimum number of end seals.

(5) Not to be vulnerable to lightning,
(6) Easily erected.

PRINCIPLE

(1) For low VSWR response over the band (1.1 or
better), use is made of the second general prin-
ciple, previously discussed under the heading
BANDWIOIH, of combining a parallel-resonant with
a series-resonant circuit., Such a combination
circuit; using lumped parameters, was shown in
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DIPLEXER

MI-19028

TO ANTENNA
C HANNEL P Q CHANNEL P 1o ]
13315/16 68 7/8 Vil 365/16 |20 1/16

1] 107 _1/16 55 5/8 [ 355/16 19 9/16
i 97 9/16 [ 50 e X 345/16__ |19 1/16
v 83 1/16 46 S/8 X1 339/16 |18 l/16
[ 18 9/ 4] e Xl 32 9/16 [18 3/16
vi 73 5/16 |38 3/16 X 31 13/16 [17 13/16
Vil 37 9/16 20 1l/16

NAME - DIPLEXER

Ml 19028

FREQUENCY _MC 54216

WEIGHT LBS. 12 TO 30

RF INPUT AND QUTPUT
TYPE OF MOUNTING

15-5;~(SEE_K-8889742)
HORIZONTAL ALONG
TRANSMISSION LINE
(CAN BE SUSPENDED
ABOVE VESTIGIAL SIDE~-
BAND FILTER OR TRANS/

MITTER.)
MAXIMUM POWER 5 KW
RF _EFFICIENCY 99%

Figure 7-14 - Diplexer Construction

Figure 7-3, together with its reactance-fre-
quency characteristic curve. The distributed-
parameter equivalent, which forms an antenna,
is shown in Figure 7-15a. Its reactance-fre-
quency curve is given in Figure 7-15b,

Addition of a second stub to the arrangement
of Figure 7-15a provides a second ground point
and adds rigidity; see Figure 7-15c.

In general, radiators with large diameters
tend to have a more constant impedance over a
given band since the ratio X, /R, and hence the

"Q", is smaller, Since a large diameter is not
suitable for mechanical reasons, the same ad-
vVantages are obtained by using a large flat
sheet, This sheet canbe visualized as a series
of dipoles, each carrying a current proportional
to the current distributed along the two stubs,
See Figure 7-15d.

3y notching-in the sides, the current in the
upper and lower edges of the radiator, also
called "batwing", is increased, which flattens
the vertical patternand increases the gain. One
radiator has the same gain as two dipoles spaced
one-half wavelength apart. See Figure 7-i5e.
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Figure 7-15 - Devel/opment of TV Antenna

By experimentally determining the minimum
number of rods that can be used instead of a
solid sheet, wind resistance is considerably re-
duced., See Figure 7-15f,

(2) The Turnstiling Principle - We now have a

dipole with wide-band characteristics. To ob-
tain a circular pattern, turnstilingis applied.

w

Figure 7-16 - Turnstiling Principle (Field
Magnitude s Proportional to the Angle
Between Direction of Radiator and Direc-
tion of Observation)

A circular radiation pattern can be obtained
from cross dipoles arranged in the shape of a
turnstile as follows (sce Figure 7-16):

Angular Bearing 0{30° [45° | 60° | 90°
Field from N-S Radiator|{ 0]0.5 [0.707]/0.866] 1.0
Field from E-W Radiator|1.0}0.866(0.707|0.5 0
Vector Addition 1.0§1.0 (1.0 |1.0 1.0
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To achieve this effect, the phase difference
between the currents in the N-S and E-W radia-
tors must be 90°, which is accomplished by mak-
ing one of the lines 90 degrees (or one-quarter
wavelength) longer than the other.

(3) Stacking Setsof Radiators to Increase Gain -
This principle (see Figure 7-17) is an old one

and has been used for years in communications
antennas, If the currents in radiators 4, B, C
have the same phase (same number of wavelengths
from the source) and if distances 4P, BP, and
CP are substantially alike, the field at P will
be greater than that produced by a single radia-
tor. Similarly, sets of batwing radiators are
stacked to increase the gain. The length of the
feed-1ine for each set, back to junction point,
is kept the same. The centersof the successive
radiators are spaced one wavelength apart.

A

Figure 7-17 - Stacking of Antenna Radiators

CONSTRUCTION - The sets of crossed super-turn-
stile radiators are mounted on flag poles. Ihe
number of radiators that can be stacked is
limited by the flag-pole taper and mechanical
requirements.

The following types have been made:

FREQ. (MC) STANDARD SPECIAL
54-66 3 -bay
66-88 3-bay 4-bay, S5-bay
174-216 6-bay

In the 3-bay antenna, each radiator has a 154.5-
ohm impedance from the feed point at the center
to ground. For three radiators in parallel,
this becomes 5i.5 ohms, which is the surge im-
pedance of the main transmission line. Each
branch 1line has an impedance of 154.5 ohms. For
other types, transformers are used.
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PERFORMANCE  (ELECTRICAL)

(1) The antenna has extremely wide bandwidth,
. One set of radiators covers the 54-66 mc band
-22%; another the 66-88 mc band -33%; and a
third set covers the 174-216 mc band -25%. The
pole-to-radiator spacing is varied slightly for
each channel by means of pads or adjustments.,
An SWR of 1.1, or better, can always be achieved.

(2) The gain approaches the ideal that can be
achieved andis 1.2 times the number of sections.
This gain is obtained by measuring the vertical
field pattern and taking into account losses in
the radiators and feed system.

An exact tabulation of gain is shown:

(a) The inherent stiffness of triangulaf
structures. Both top and bottom are firmly
grounded and no weight is supported on insula-
tors.

(b) The pole is made from Bessemer seam-
less steel tubing which has a U.T.S. of 60,000,
and has shown as much as 70,000, 30,000, and
even 120,000 on actual test. Since the material
is stressed only to 20,000 1bs./square-inch, a
high safety factor is obtained.

(c) Calculating 20 1bs. per square-foot of
wind loading on rounds, a wind velocity of 95
miles per hour is required to stress the mate-
rial to 20,000 1bs. per square-inch without ice.
With 1/2 inch of radial ice, a velocity of 35

3-BAY 3-BAY 6-BAY
TV Channel 2 3 4 5 6 7 8 9 10 11 12 13
Approximate
Gain 3.3 3.7 3.3 3.8 1| 4. 6.4 6.6 6.7 6.8 6.9 70 7

(3) Theoretically the pattern is circular, but
actually it departs from this slightly because
the super-turnstile radiator is not a point
source. This produces a square circle which,
under ideal conditions, deviates by less than
0.5 db. At no frequency within the specified
TV channel will the pattern deviate by more than
t1.5 db.

(4) The antenna will handle a power of 20 Xkw,
which is limited by the feed lines. The actual
power for a 5-kw TV transmitter is 3 kw of vis-
ual power (black level) and 2 1/2 kw of aural
power. This power is multiplied by the VSWR to
allow for local heating at the current peaks.
For TV, this is only 1.1. Hence, the total TV
power is 6 kw., When triplexing is used, FM
power is then limited to 14 kw divided by the
maximum VSWR that may occur in the feed lines.
This amounts to 10 kw for the 66-88 mc antenna,
and 3 kw for the 54-66 mc antenna.

(5) By using the turnstiling principle and the
bridge circuit of the diplexer, both visual and
aural power can be transmitted over the same
antenna. In addition, a triplexer enables the
antenna, because of its response in the 88-108
mc band, also to be used to radiate FM power.

PERFORMANCE (MECHANICAL)

(1) Low wind resistance is achieved as a re-
sult of the open super-turnstile radiators.

(2) Ruggedness is achieved by:
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miles per hour is required to reach this same
stress value.

(d) All brackets and radiator clamps are
bonderized and zinc plated.

(3) De-icing is done for electrical reasons
only, and not to reduce wind loading. Hence,
only the section adjustment to the main pole is
de-iced, which is the only portion affected by
ice,

Heaters are used as follows:

ANTENNA TYPE|WATTS PER RADIATOR | KILOWATTS PER BAY

54-66 750 3
66-88 500 2
174-216 250 1

(4) Minimum end-seals are needed for feeding
this antenna.

NUMBER PER BAY ANTENNA TYPE

2 54-66 and 66-88
4 174-216
8 Dipole Construction

TOWER DESIGN - RCA has published the projected
area of the antenna as well as other pertinent
dimensions. From this information the tower
manufacturer can design his tower. A standard
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specification is now being considered by RMA
committees, which will put all tower designs on
the same basis.

The tower should be designed to take the
standard guide flange and pole sockets provided
(see Figure 7-18).

GUIDE
. ;. FLANGE
N LR LR
10 FT
APPROX
11 11
TSPOLE
SOCKET

Figure 7-18 - Antenna Tower Layout

INSTALLATION

SHIPMENT - The pole can be shipped broken down

(3) Electrical leakage tests
(4) VSWR check over the band, with panoramic
sweep equipment.

The RCA Service Co. has experienced men and
suitable equipment, and is prepared to render
this service at a reasonable cost. These tests
should be made, whether the antenna is assembled
in Camden or in the field. Simple corrections
become extremely complex to make after the an-
tenna is erected.

ERECTION

IN ONE PIECE - When the antennais to be erected
in one piece, the pole should be welded before
assembly., Quite a number of installations have
been successfully made in this way.

PARTIAL DISASSEMBLY AND REASSEMBLY - The disas-
sembly should be done by the riggers who will
reassemble the antenna. Feed lines should be
carefully removed and kept in the original posi-
tion. The pole need not be welded if this is
done, but can be caulked after erection.

RIGGERS - It is most economical to use the same
riggers who are erecting the tower. The same

as follows: gin poles, donkey engines, etc., can be used.
NUMBER OF
ANTENNA POLE SECTIONS LENGTHS - FT. AND INCHES
3-bay 54-66 3 17'6n  23'0n 2410n*
3-bay 66-88 2 216" 30t 0"*
4-bay 66-88 2 36 2" 32'6"
5-bay 66-88 3 2818 310" 29' 0"
6-bay 174-216 2 26' 8" 221 K/ xx

% For Pylon mounting, the sections listed on the right are 3 to 6 ft. shorter.

*x On most installations to date,
of parts, higher frequency,

this antenna,
and more critical assembly,
bled in Camden by workmen and engineers familiar with this work.

because of its greater number
has been assem-
The an-

tenna has then been shipped to the customer in one piece.

ASSEMBLY - If the antenna is assembled on the
customer's premises, it should be assembled on
the ground in a horizontal position, with the
pole restingon saw horses. This assembly should

be done under engineering supervision. The feed
system should be put on the antenna. The bend-
ing tool provided should be used. &inks and

flats on the line must be avoided.

TEST ON GROUND- After assembly, the RCA Service
Co. should be requested to make the following
checks:

(1) Gas leaks
(2) D-C resistance
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This requires close scheduling.

PAINTING - The pole and radiators are shipped
with one coat of red lead only, for protection
in transit and during erection. They should be
painted with CAA colors after erection. All
portions, except the end seals, can be painted.

SPECI AL ANTENNAS

4-BAY AND 5-BAY - These antennas have been
built for the 66-38 mc band. None have been
built for the 54-66 mc band, although there is
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no technical reason to prevent it. It is not
feasible to carry flag-pole construction to
greater gains, because the pole taper causes a
wider spacing between the lower radiators, re-
sulting in a different impedance than for the
upper sections.

SUPER-GAIN ANTENNAS - These antennas will take
the form of a tower type. One type would con-
sist of dipoles mounted on the four faces of a
tower one-half wavelength square. Such antennas
are used for three reasons:

() Higher Gain - The allocation scheme of FCC
is based on 50 kw radiated power. A 5-kw trans-
mitter, with a standard 3-bay or 6-bay antenna
and nominal line loss; will radiate about 15 kw
in the 54-88 band, and 25 to 30 kw in the 174-
216 band.

Super-gain antennas will permit gains of 10
and 12, so that 50 kw radiated power can be
achieved,

(2) Stacked Antenna Systems - If one site is
desirable for several television stations, the
lower antenna can be a tower type and the upper
a standard type. Propositions have been worked
up for three television stations with additional
FM Pylons. Since receiving antennas are direc-
tive and generally aimed at a central cluster of
stations, it is highly advisable to be in this
central cluster. The use of the stacked antenna
makes this possible.

(3) Directional Antennas - Radiators can be
left off on one or two faces of the tower, to
produce a directional pattern. Directional pat-
terns are not recommended as a rule, since the
total area covered is less. See Figure 7-19.

O\RECTIONAL
PATTERN

<)

ARE A SERVED=
Tz R LR
4 2

NON-DIRECTIONAL
PAT TERN

ARE A SERVED =TLR?

Figure 7-19 - Antenna Radiation Patterns - With
the directional pattern shown, the area served
IS one-half the area covered with the circular
pattern. Also, four times the power is concen-
trated ina same area. Hence, the field strength
/s doubled and the radius is extended by 2R
(as a general approximation, the service radius
varies as the fourth root of the power).
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In some cases, of course, where mountains be-
hind the station cause serious ghosts or where
protection to other stations 1is necessary, di-
rectional antennas must be used.

COMBINATION ANTENNAS
a. COMBINATION WITH FM BY USE OF PYLON ANTENNA

A 2- or 4-section Pylon underneath a TV an-
tenna can be placed below any 3- or 4-bay an-
tenna in the 54-83 band, or a 6-bay antenna in
the 174-216 band,

Pylons have a gain of 1.5 per section mid-
band and will take up to 50 kw of FM. They are
20 inches in diameter and 14 feet high. The F
feed systemis inside. The TV system is mounted
on the back of the pylon, opposite the slot.
A1l FM-pylon and TV-antenna combinations have
been checked for structural soundness by inde-
pendent consultants,

b, COMBINATION WITH FM BY USE OF TRIPLEXING
Purpose - To use IV antennas for FM radiation.
Requirements

(1) Must keep FM out of TV and vice versa.
(2) Must not disturb VSWR of either service,
(3) Must have low insertion loss.

Principle - The TV and FM energies are kept
flowing in their proper paths by suitable notch
filters, as shown in Figure 7-20.

Construction - The external dimensions are the
same as those of the 54-33 mc diplexer.

Performance - Installations made at stations
WNBW, WEWS, WLWI, are all working satisfactorily,

Power Limitations- Because of 1imitations in the
feed system of the super-turnstile antenna dis-
cussed previously, F{ power is limited to 10 kw
for the 66-88 mc antenna and 3 kw for the 54-66
antenna.

c. USE OF TV SUPER-TURNSTILE FOR FM ONLY -
This implies that the TV installation will be
made at a later date.

Principle - See Figure 7-21.
d. COMBINATION WITH AM

Purpose - Use of AM tower for TV antcnna sup-
port.

Principle - TV line must be isolated from ground
at AM frequency.



http://www.SteamPoweredRadio.Com

N.6. RAD

) )

r——] " - — - - — — 1

TRIPLEXER

|

|

|

|

/-1!.41 :
' |
|

r____.._..____
qT‘-i
X
3

Figure 7-20 - Principle of Triplexing

As shown in Figure 7-22a, the tower acts as
the outer conductor of a balun, The capacitance
at the end 4 loads the balunto resonance if the
tower is not high enough to furnish one-quarter
wavelength at the AM frequency.

Referring to Figure 7-22b, a balun of wires
is constructed around the TV line approaching
the AM tower for a distance of one-quarter wave-
length, or equivalent,

TRANSMISSION LINE

PRINCIPLE - Without insulators, the surge im-
pedance is

D (outer)

Z, = 138 log

d (inner)

N-s[] [ Jew

641FM

TRANSFORMER
TO 51.5 OHMS.

Figure 7-2/ - TV Superturnstile Antenna
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TV ANTENNA
TV LINE

CONNECTOR
TO TOWER

AM TOWER

TV H
LINE —————
(a) (5)

Figure 7-22 - Use of AM Tower for TV Antenna

In practice, insulators are always required.
The 1line must then be treated as made up of re-
current T-sections, with each insulator con-
sidered as a lumped capacity. See Figure 7-23.

I | I I
1l [ I |

N 00~0000~00 " 00~ 00" 0
1 1 T il

Figure 7-23 - Trensmission Line Principle

This brings about two additional considera-
tions:

(1) The linemust always be cut half-way between
insulators, to avoid discontinuities.

(2) The line is really a filter and has a cut-
off frequency. On standard BRMA line, the cut-
off point is above 216 mc, due to a proper
choice of insulator capacity and spacing.

RMA S| ZES - Standard sizes are 7/8, 1-5/8, 3-1/3
and 6-1’3 inches. Of these, the 1-5/8- and
3-1/8-inch sizes are the most widely used for
5-kw TV installations.

SURGE IMPEDANCE - The value is 51.5 ohms for
all sizes. The primary consideration in this
choice was the IZp loss, with a slight com-
promise on attenuation. The odd value of 51.5
ohms was chosen because this is the actual im-
pedance of solid-dielectric line. Hence, the
two types of line can be used in the same run.

POWER RATING - This is one-half the power re-
quired to raise the temperature of the outer
conductor 40° C.

si1ze (IN.) 50 MC 100 Mc 200 Mc
7/8 4.5 kw 3 kw 2 kw
1 5/8 16 10 7
31/8 64 42 27
6 1/8 235 166 118
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LOSS - Loss takes into account copper loss, in-
sulation loss,; and some derating due to connec-
tions. The average power transmittedat 100 mc
over a 500-foot run of line is 75% for the
1-5/8-inch line and 85% for the 3-1/8-1inch
line. See published curves in the RCA equip-
ment specification.

GAS - Dehydrated air, obtained from a commer-
cial dehydrator, is probably best., Only a
small positive pressure is needed; 5 1lbs. is
adequate,

CONSTRUCTION - See Figure 7-24. The primary
purpose of this construction is two-fold:

(1) To prevent electrical discontinuities in
the line.

(2) To make the installation as nearly fool-
proof as possible,

FLANGE O-RING

g il e
1 ,‘_% g—“—

ONE INSULATOR SUPPORTS 20' OF INNER CONNECTO
CONDVCTOR. NO ANCHOR JOINTS ARE NEEDED

Figure 7-24 - Transmission Line Construction

No soldering or brazing is needed in the
field. If a length other than 20 feet is needed,
the line is cut and a flange adapter is used,
which requires no brazing. Flange joints are
pulled up tight and require no "feel™".

FITTINGS - Fittings must be designed to prevent
electrical discontinuities. This means that
diameters must remain the same and insulators
must continue at the same spacing. Elbows must
have a wide sweep. See Figure 7-25.

11
=T THIN TEPLON WASHERS
HAVING NO NOTICEABLE

LU/ i
INSULATORS MUST CONTINUE

AT EVEN 1’ INTERVALS
AROUND U TURN \

Figure 7-25 - Transmission Line El/bow Fitting

TELEVISION STANDARDS - While lines intended for
TV and FM have the same approximate dimensional
standards and external appearance, the surge

If You Didn't Get This From My Site,
Then It Was Stolen From...

www.SteamPoweredRadio.Com

impedance limits on TV line are tighter because
the reflection problem is highly important in
television. In ordering lines, be sure to spec-
ify it for TV standards, or better yet, order
it through RCA.

CUTTING POINTS OTHER THAN HALF-WAY BETWEEN IN-
SULATORS - If this is absolutely necessary, a
point should be chosen further back, where the
line can be cut half-way between insulators.
The odd balance is then filled out with a line
containing no insulators and having a diameter
that will give a surge impedance of 51.5 ohms,

EXTRA QUARTER-WAVE FOR DIPLEXING- The equipment
specifications (AS-5979) show several methods
of introducing this at the diplexer. It also
gives a table, for each channel, of the differ-
ence that should exist, taking into account the
actual velocity of propagation along the line.

ATTACHING LINE TO TOWER

ELECTRI CAL REQUIREMENTS - Both lines should be
as identical as possible all the way down the
tower. Flanges and elbows should be located in
the same places from the tower top to the di-
plexer in the station; where the extra quarter-
wave is inserted. This is because each elbow
can insert a slight mismatch. If the two lines
are exactly alike as to mismatch, the latter is
balanced out by the extra quarter-wave section,
which inverts the reactance.

MECHAN| CAL REQUIREMENTS - The primary require-
ment is to provide allowance for expansion. The
following should be noted.

(1) Expansion of the inner conductor is made
possible by the sliding of the spring-loaded
inner-conductor connector.

soLiD

CONNECTION

SPRING
HANGERS

]lmtlo- l

Figure 7-26 - Transmission Line Installation
Layout

(2) Expansion of the outer conductor is per-
mitted by spring hangers. The line is connec-
ted solidly at the top of the tower; and then



wigfi
Stolen 2 Line Transparent
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it is connected to the tower every 10 feet (see
Figure 7-26). These hangers are pre-loaded in
accordance with the temperature conditions at
the time of erection. Under ordinary climatic
conditions, expansions of 1 inch in 100 feet
will occur, and this will be accommodated by the
hangers. An elbow at the bottom of the tower
should be arranged to take this movement.

If the tower is more than 500 feet high, the
arrangement can follow the layout shown in
Figure 7-27.

CHECKING LAYOUTS - Transmission line layouts
will be checked by RCA for accuracy and com-
pleteness, if submitted.

NOTE - 4ny pains taken in establishing a good
transmission line and antenna installation days
enormous dividends. Here, if anywhere, a slight
effort in time will prevent expensive and
lengthy delays at a later date.

7-13

SoLiD
CONNECTION

== STATION

Figure 7-27 - Transmission Line Installation
Layout
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